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60 
Comparison of antibody assays in anti-NMDAR 
encephalitis 

Matteo Gastaldi* (1,2) - Anaïs Thouin* (1,3)  
Ester Coutinho(1) - Leslie Jacobson(1) - Sarosh Irani(1)  
Diego Franciotta(4) - Angela Vincent(1)

University of Oxford, Oxford, UK(1) - University of Pavia, Pavia, 
Italy(2) - University if Newcastle upon Tyne, Newcastle, UK(3) - 
IRCCS Mondino, Pavia, Italy(4)

*These authors contributed equally

Anti N-Methyl-D-Aspartate receptor antibody (NMDAR-
Ab) encephalitis is the most common antibody-mediated 
encephalitis. NMDAR-Abs can be identified by a) immu-
nohistochemistry (IHC) on rat brain slices; b) a cell-based 
assay on either live (L-CBA) or fixed (F-CBA) cells; c) a 
commercial fixed CBA (C-CBA; used by many laborato-
ries). We compared the different assays using published 
protocols, optimised in Oxford, on samples sent for au-
toimmune encephalitis and originally tested with an in-
house L-CBA; some positive samples were selected to 
represent possible “false positives”.  We tested 222 sam-
ples with L-CBA, F-CBA and IHC, and 118 samples with 
C-CBA. Clinical data were obtained on 43 patients who 
were defined retrospectively by their neurologists as Defi-
nite or Unlikely NMDAR-antibody encephalitis. 
Overall, there were 35 Definite samples, of which 30/35 
(85.7%, IHC), 29/35 (82.9%, L-CBA), 25/35 (71.4%, F-
CBA), and 23/35 (65.7%, C-CBA) were NMDAR-Ab 
positive.   Concordance between all assays was only 62%, 
but was higher on the 44 available CSFs (86.4% versus 
56.2%, p<0.001).  As anticipated from the selection, 10/16 
Unlikely samples were positive with L-CBA but only 1/16 
with F-CBA, 0/16 with C-CBA and 0/16 with IHC. 
The serum data showed poor concordance between as-
says, although better concordance was found for CSFs.  
IHC identified the highest number of positive Definite 
sera and none in the Unlikely group. The F-CBA and C-
CBA were also specific for Definite patients but less  sen-
sitive. The L-CBA was sensitive, but was positive in some 
selected Unlikely patients and interpretation of the clini-
cal relevance of these results requires caution. 

85 
Pathological Mechanisms of Glycine Receptor 
Antibodies 

Sarah J Crisp(1) - Angela Vincent(2) - John Rothwell(3)  
Dimitri M Kullmann(1)

Institute Of Neurology, University College London, Department 
Of Clinical And Experimental Epilepsy, London, United 
Kingdom(1) - University Of Oxford, Nuffield Department  
Of Clinical Neurosciences, Oxford, United Kingdom(2)  
Institute Of Neurology, University College London, Sobell 
Department Of Motor Neuroscience, London, United Kingdom(3)

Antibodies against glycine receptors (GlyRAbs) have been 
found in some patients with progressive encephalomyelitis 
with rigidity and myoclonus (PERM), and in patients 
with related acquired neurological syndromes (Carvajal-
Gonzalez, 2014). The clinical features of PERM, which 
include muscle rigidity, exaggerated startle responses, 
oculomotor and autonomic disturbance, are consistent 
with a disruption of spinal and brainstem inhibitory 
circuits. However, the relationship between the identified 
antibody and neurological disease is based largely on 
circumstantial clinical evidence.
Using whole-cell patch-clamp we have recorded sponta-
neous miniature inhibitory postsynaptic currents (mIP-
SCs) from motoneurons in rat dissociated spinal cord 
cultures. GABA and glycine are co-released at interneu-
ron-motoneuron synapses, both contributing to mIPSCs 
(Jonas, 1998). Pharmacologically isolated glycinergic cur-
rents have a shorter decay time than GABAergic currents. 
We use this difference in time course to separate the two 
components, in the absence of pharmacological blockade, 
to quantify the contribution of glycinergic neurotransmis-
sion to mIPSCs. We compare the contribution of glyciner-
gic neurotransmission to mIPSCs recorded from neurons 
incubated in patient IgG or control IgG for up to 24h prior 
to recording. Our preliminary results indicate a significant 
decrease in the glycinergic contribution to mIPSCs for 
motoneurons incubated in patient compared with control 
IgG from 41% to 12% (p<0.005).
These results show that not only do the GlyRAbs detected 
in these patients bind to glycine receptors in cell based as-
says, and to motoneurons in slices of rodent brain tissue, 
but they also result in a reduction in glycinergic neuro-
transmission onto motoneurons.  A reduction in glycin-
ergic neurotransmission would be consistent with many 
of the clinical phenotypes seen in patients with GlyRAbs. 
The electrophysiological findings presented here, there-

Autoimmune channelopathies of the CNS
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fore, provide strong evidence that the antibodies in these 
cases are pathogenic. 
Alongside the in vitro investigations we are using clinical 
neurophysiology to identify affected circuits in GlyRAb 
patients. Findings are compared to patients with genetic 
defects in glycinergic pathways (hereditary hyperekplex-
ia), and healthy controls. 

References:
Carvajal-Gonzalez A et al. (2014). Brain 137:2178-92
Jonas P et al. (1998). Science 231:419-24

145 
Different Antibodies Production in Autoimmune 
Chanellopathies 

Dmitriy Labunskiy
University of Northern California, Biomedical Engineering, 
Santa Rosa, CA, United States

Research data  suggest that ion pumps  and channels and 
not only regulate membrane potential, ion homeostasis, 
and electric signaling in excitable cells but also play im-
portant roles in cell proliferation, migration, apoptosis and 
differentiation. Consistent with a role in cell signaling, 
channel proteins and ion pumps can form macromolecu-
lar complexes with growth factors, and cell adhesion and 
other signaling molecules. And while cancer is still not 
being cataloged as a channelopathy, as the non-traditional 
roles of ion pumps and channels are being recognized, it is 
increasingly being suggested that ion channels pathology 
contributes to cancer progression. Cancer cell migration 
requires the regulation of adhesion complexes between 
migrating cells and surrounding extracellular matrix 
(ECM) proteins.
Among skeletal muscle sodium channelopathies are 
listed hyperkalemic periodic paralysis and paramyotonia 
congenital with detected antibodies SCN4A. Potassium 
channellopathies include thyrotoxic hypokalemic peri-
odic paralysis with antibodies KCNJ18. Calcium chan-
nelopathies presented by hypokalemic periodic paralysis 
with antibodies CACNA1Sl. Chloride channellopathies 
were presented by Thomsen’s myotonia congenital with 
antibodies CLCN1.
The goal of our research was the study of antibody pro-
duction in patients with hyperkalemic periodic paralysis, 
paramyotonia congenital, hypokalemic periodic paralysis 
and Thomsen’s myotonia congenital.
Our result showed that increase of antibodies SCN4A,  
KCNJ18, CACNA1Sl and CLCN1 in all forms of skeletal 

muscular and neuronal chanellopaties has been revealed 
in patients cohorts from 75 to  81 percent of all cases. 

162 
Pitfalls in Morvan’s Syndrome diagnosis: two 
atypical cases mimicking motor neuron disease. 

Michelangelo Cao(1) - Francesco Cavallieri(2)  
Laura Mirandola(2) - Marco Zoccarato(3) - Elena Pegoraro(4) 
Gianni Sorarù(4) - Jessica Mandrioli(2)

University Of Oxford, Nuffield Department Of Clinical 
Neurosciences, Oxford, United Kingdom(1) - Department 
Of Neuroscience, S. Agostino-estense Hospital, University 
Of Modena And Reggio Emilia, Modena, Italy(2) - U.O. Di 
Neurologia, Ospedale Regionale Di Treviso, Treviso, Italy(3)  
Department Of Neurosciences, University Of Padova,  
Padova, Italy(4)

Background: Morvan’s syndrome (MoS) is a rare autoim-
mune-paraneoplastic disease characterized by hyperactiv-
ity of all nervous systems and associated with autoanti-
bodies against Leucine-rich Glioma Inactivated 1 (LGI1) 
and Contactin-Associated Protein-like 2 (CASPR2). Di-
agnosis of MoS is often difficult due to the rarity of the 
syndrome and the variability of clinical manifestations. 
We report two peculiar cases that presented with clinical 
features strongly reminiscent of motor neuron disease that 
significantly delay a correct diagnosis. Report: Two adult 
male patients presented with isolated cryptogenic sei-
zures. At the onset, all clinical, serological and instrumen-
tal tests were normal. After years of well-being, they pro-
gressively developed motor neuron disease (MND)-like 
symptoms consisting with muscle twitching, widespread 
weakness and, in one patient, life-threatening bulbar in-
volvement. Novel extensive blood tests, neuroimaging, 
neurophysiologic and histological studies were carried 
out. Results: In both patients we found neuromyotonic 
discharges on electromyography. The patient with milder 
symptoms tested positive for anti-LGI1 antibodies whilst 
the other for anti-CASPR2. No other autoantibodies were 
detected, in particular Myasthenia Gravis-related antibod-
ies that could explain bulbar involvement. Only the anti-
CASPR2 positive patient showed a neurogenic atrophy on 
muscle biopsy and a limbic encephalitis pattern on Brain 
MRI. Malignancies screening was negative. Both patients 
were successfully treated with in-vein immunoglobulins. 
Discussion: Both patients were initially misdiagnosed 
with MND, due to progressive muscle wasting and mus-
cular twitching mixed up for fasciculations. No other 
symptoms, except for otherwise cryptogenetic epilepsy, 
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were observed. Moreover, unlike other cases of MoS with 
bulbar involvement, the symptoms of our patient are not 
related to concomitant Myasthenia Gravis, thus suggest-
ing bulbar neurons as a further site of damage of MoS 
antibodies. The differences found in both clinical and his-
tological patterns point out how specificity of the different 
antibodies detected could be related to severity of disease 
and tissue involvement. The atypical clinical features of 
our patients widen the clinical spectrum of MoS and pro-
vide novel insights to accelerate the diagnostic process in 
this life-threatening disorder.

186 
Effect of Maternal Antibodies Directed to the 
Astrocytic Water Channel Protein AQP4 in 
Neuromyeltis Optica Pregnancies  

Simone Mader(1) - Lior Brimberg(2) - James M. Crawford(3) 
Alexandre Bonnin(4) - Jeffrey L Bennett(5) - Patricio 
Huerta(1) - Bruce T Volpe(1) - Betty Diamond(1)

The Feinstein Institute For Medical Research, Center  
For Autoimmune And Musculoskeletal Diseases, Manhasset, 
United States(1) - The Feinstein Institute For Medical Research, 
Center For Autoimmune And Musculoskeletal Diseases,  
New York, United States(2) - Hofstra North Shore–lij School  
Of Medicine, Department Of Pathology And Laboratory 
Medicine, Hempstead, United States(3) - Zilkha Neurogenetic 
Institute And Department Of Cell And Neurobiology, Keck 
School Of Medicine Of The University Of Southern California, 
Los Angeles, United States(4) - University Of Colorado School  
Of Medicine, Department Of Neurology And Ophthalmology, 
Denver, United States(5)

Maternal antibodies (Abs) to neuronal proteins can cause 
neurodevelopmental impairment during fetal develop-
ment. During pregnancy IgG can penetrate across the pla-
centa. Abs to different brain proteins have been detected 
in an increasing number of autoimmune diseases. During 
pregnancy pathogenic-IgG can be transferred to fetal tis-
sue including the brain and may alter neurodevelopment. 
Abs to the astrocyte water channel aquaporin-4 (AQP4) 
are a biomarker in Neuromyelitis Optica (NMO). In vivo 
models confirmed that AQP4-IgG contributes to disease 
pathogenesis in adult rodents, which requires injection of 
AQP4-IgG into the brain or a dysfunctional blood brain 
barrier. Recently, AQP4-IgG positivity has been associ-
ated with increased miscarriages, raising the possibil-
ity that AQP4-IgG affects the placenta or the developing 
fetus. In addition, hydrocephalus and permanent neuro-
logic disability have been reported in a child born to an 

AQP4-IgG positive patient. Since NMO mainly affects 
women of childbearing age, it is of central importance 
to study the outcome of maternal AQP4-IgG on the off-
spring. Pregnancy has a negative influence on the disease 
course of NMO and there has been a recent interest to 
study the neurological outcome of children born to NMO 
patients. In this study, we exposed pregnant mice to pa-
tient derived monoclonal AQP4-IgG or control-IgG. We 
observed that AQP4 is expressed at higher levels in the 
fetal brain compared to the placenta throughout all ges-
tational stages. Transplacental transfer (tpt) and entry of 
IgG into the embryonic brain was confirmed using infra-
red labelled-IgG. Whereas AQP4-IgG and control-IgG 
showed similar degree of tpt, AQP4-IgG with mutations 
in the C1q binding site resulted in limited transfer. Expo-
sure to high AQP4-IgG concentrations resulted in death of 
the offspring. Prenatal exposure to lower AQP4-IgG con-
centrations resulted in living offspring. Mice which were 
exposed in utero to AQP4-IgG exhibit an impairment in 
flexible learning. This behavioral phenotype was associ-
ated with alterations in the astrocytes in the hippocampus 
and cortex and an altered vasculature. Our animal model 
will help us to understand the immediate and long term 
consequences of AQP4-IgG in the neurodevelopment and 
brain pathology of children born to mothers with NMO. 
Our findings add NMO to the list of conditions in which 
maternal Abs can impair brain development and may fur-
ther our understanding of the role of glia during neurode-
velopment.

187 
Cerebrospinal Fluid Free Light Chain profile 
is different in the two main sub-types of 
Autoimmune Encephalitis 

Keerthi Senthil(1) - Abid Karim(2) - Mark Drayson(2)  
Saiju Jacob(1)

Department Of Neurology And Neuroimmunology, University 
Hospitals Birmingham And University Of Birmingham, 
Birmingham, United Kingdom(1) - Department  
Of Neuroimmunology, University Of Birmingham,  
Birmingham, United Kingdom(2)

Autoimmune encephalitis constitutes an expanding spec-
trum of CNS autoimmune diseases with antibodies target-
ing various receptors. Although CSF oligoclonal bands are 
sensitive to general CNS inflammation, it may not tease 
out the subtleties between the possible pathologies. Here,  
we preliminarily investigated the levels of kappa and 
lambda free light chains in the two main forms of autoim-
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mune encephalitis and assess whether there is a pattern 
between the different syndromes. LGI1 and Caspr-2 anti-
bodies are seen in patients previously described as having 
voltage gated potassium channel complex (VGKC) anti-
body positive limbic encephalitis and antibodies against 
the glutamate receptor, N-methyl D-aspartate (NMDAR) 
are probably the most common cause of autoimmune en-
cephalitis.
Two new sensitive sandwich ELISAs, specific to either 
kappa or lambda free light chains, have been developed 
to precisely measure concentrations in the CSF. CSF 
from five VGKC-complex and six NMDAR antibody 
related encephalitis patients were tested and compared 
with 11 healthy controls and 24 patients with oligoclonal 
band positive Multiple sclerosis patients. Pairwise t-tests 
showed that anti-NMDAR  encephalitis patients’ CSF 
had more kappa (Mean = 1.56 mg/L) compared to normal 
groups (0.06 mg/L) and to VGKC-related encephalitis 
(0.22 mg/L) (p≤0.05). However, the VGKC encephalitis 
did not have statistically significant difference in kappa 
levels compared to normals. Interestingly, lambda levels 
showed significant differences between all three, using 
pairwise comparisons. The kappa-lambda ratio was also 
an useful discriminator in patients with NMDAR antibod-
ies. Furthermore, multiple sclerosis presents with a differ-
ent lambda level to normals and to the NMDAR/VGKC-
complex related encephalitides. Although sample sizes 
are small, the results promisingly suggest that free light 
chain CSF concentrations may help make specific diagno-
ses using only one single ELISA. NMDAR encephalitis 
patients have usually a more severe presentation than the 
VGKC-complex group and it would be interesting to see 
whether the CSF light chain assays would help in predict-
ing patients with a more severe course and hence guiding 
more aggressive and early immunotherapy. 

192 
Review of GAD antibody assay in over 850 
patients and analysis of clinical phenotype and 
response to immunotherapy in 15 Stiff Person 
Syndrome patients 

Girija Sadalage(1) - Savinda Weerasinghe(1) - Abid Karim(2) 
Saiju Jacob(3)

Department Of Neurology, University Hospitals Birmingham, 
Birmingham, United Kingdom(1) - Department  
Of Neuroimmunology, University Of Birmingham, Birmingham, 
United Kingdom(2) - Department Of Neurology  
And Neuroimmunology, University Hospitals Birmingham  
And University Of Birmingham, Birmingham, United Kingdom(3)

Glutamic acid decarboxylase (GAD) antibodies can be 
raised in several conditions, including Type 1 Diabetes, 
but is a reliable laboratory marker for Stiff Person Syn-
drome (SPS) – an immune mediated neurological condi-
tion causing muscle stiffness, spasms and gait instability. 
We reviewed the last 850+ GAD assays performed in 
our neuroimmunological department and identified 154 
patients who had a positive result (normal <10 IU/mL). 
Thirty of these patients had titres more than 2000 IU/ml. 
We validate the newer assays and analyse their reproduc-
ibility and sensitivity in picking up patients with Type 1 
Diabetes and SPS. 
We then identified 15 clinically defined patients with Stiff 
Person Syndrome and reviewed their clinical features in 
detail. We also looked at couple of patients with GAD 
positive cerebellar ataxia or epilepsy. Some patients had 
a combination of SPS, ataxia and epilepsy – whom we 
refer to as Stiff Person Plus syndrome. Most patients were 
diagnosed in their 40’s or 50’s and in some cases the di-
agnosis was delayed by several years. Females were four 
times more likely to have SPS. Most patients had axial 
stiffness, unsteadiness, falls, exaggerated startle response 
and muscle spasms. Several patients were found to have 
significant amounts of anxiety and depression, which can-
not be explained by the severity of the illness alone. We 
suspect that this could be part of the clinical phenotype. 
Patients were treated with a combination of Baclofen, 
Diazpem and Intravenous immunoglobulins (IVIg). IVIg 
was found to control the symptoms substantially in the 
vast majority of patients, who have now been followed up 
for several years.
Due to the lack of a standardised scoring system to as-
sess the response to immunomodulatory therapy, we 
devised a questionnaire combining the well validated 
modified Rankin scale and the Flanagan’s quality of life 
scores. This questionnaire was labelled the Birmingham 
Response to Immunomodulatory Treatment (BRIT) scale, 
which was found to correlate substantially with clinical 
improvement. This scale can be used to monitor IVIg ef-
ficacy in a variety of chronic neuroimmunological con-
ditions (especially ones without other monitoring tools, 
eg: INCAT score for chronic inflammatory demyelinating 
polyneuropathy, CIDP) and would be a very useful addi-
tion to the neurology practice.
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201 
Neuropathological Investigation of LGI1-
Encephalitis in Cats 

Anna Tröscher(1) - Maria French(1) - Andrea Klang(2) 
 Akos Pakozdy(3) - Jan Bauer(1)

Medical University Of Vienna, Department Of 
Neuroimmunology, Center For Brain Research, Vienna, 
Austria(1) - University Of Veterinary Medicine Vienna,  
Institute Of Pathology And Forensic Veterinary Medicine, 
Vienna, Austria(2) - University Of Veterinary Medicine  
Vienna, Clinic For Internal Medicine And Infectious Diseases, 
Vienna, Austria(3)

Feline complex partial cluster seizure with orofacial in-
volvement (FEPSO) is a naturally occurring epileptic dis-
order in cats. It has been shown to have neuropathological 
similarities with autoimmune epilepsy in humans with au-
to-antibodies (Ab) against leucine-rich glioma inactivated 
1 (LGI1), a part of the voltage gated K-channel complex 
(VGKC-complex). Feline as well as human patients have 
a subacute onset of seizures with hippocampal inflam-
mation and degeneration. Some human LGI1 encephali-
tis patients in addition to encephalopathy show cerebel-
lar neurological deficits and cerebellar degeneration. At 
present more and more human patients are diagnosed at 
early stages and respond to immunotherapy, making neu-
ropathological investigations more difficult. Here we ex-
tended our neuropathological findings in cats with FEPSO 
(n=14) by doing a brain wide screening (including cortex, 
hippocampus, brain stem and cerebellum) for inflamma-
tory and degenerative changes. We found degenerative le-
sions not only in the hippocampus but also in the amygda-
la and nucleus accumbens. No degeneration however was 
found in the cerebellum. Neuronal loss in both the hippo-
campus and the anterior parts of the limbic system were 
mediated by complement C9neo deposition. Moderate T-
cell infiltrates were found throughout the brain in white 
and grey matter but did not correlate with the degenerative 
lesions. In addition to the neuropathological changes we 
investigated the abundancy of alpha-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPA) receptors in 
the hippocampus. In cats with FEPSO, regions with little 
or no neurodegeneration showed increased AMPA expres-
sion as compared to cats with seizures that did not fit the 
classification of FEPSO. Taking the similarities of human 
and feline LGI1 encephalitis into consideration, cats with 
this disease can be a useful natural animal model. More-
over, cats might respond as well to immunotherapy as do 
humans. Therefore a euthanasia, which is nowadays com-
mon for cats, could be avoided. On the other hand, neu-

ropathological studies in cats can be done in more detail 
as much more post-mortem tissue is available for FEPSO. 
Therefore, our knowledge about FEPSO can increase our 
understanding of the underlying pathological mechanisms 
in the human disease.

255 
Investigations into the pathogenic properties of 
glycine receptor autoantibodies using transfected 
human embryonic kidney cells and zebrafish 
embryos 

Niels Von Wardenburg(1) - Kazutoyo Ogino(2) - Hiromi 
Hirata(2) - Carmen Villmann(1)

Institute Of Clinical Neurobiology, University Hospital  
Of Würzburg, Würzburg, Germany(1) - Department Of Chemistry 
And Biological Science, Aoyama Gakuin University,  
Tokyo, Japan(2)

During the last decade several autoantibodies (abs) to 
neuronal surface antigens have been discovered. In 2008, 
abs against the glycine receptor (GlyR) were found in 
a patient suffering from progressive encephalomyeli-
tis with rigidity and myoclonus (PERM), a severe form 
of stiff person syndrome (SPS). Accordingly performed 
retrospective and prospective studies revealed a correla-
tion of GlyR abs and SPS and SPS variants. SPS patients 
suffer predominantly from muscle stiffness, whereas pa-
tients diagnosed with PERM exhibit additionally auto-
nomic and brainstem features. Given the fact that muta-
tions in the gene encoding for the GlyR alpha1 subunit 
result in a hereditary form of SPS called hyperekplexia, 
GlyR abs itself are supposed to be the pathogenic agents 
in the disease. The present therapeutic strategy comprises 
immunosuppressive and -modulating drugs, intravenous 
immunoglobulins, plasmapheresis, immunoadsorption 
as well as benzodiazepines (positive allosteric GABAA 
receptor modulators) or baclofen (GABAB receptor ago-
nist), but still remains insufficient for some patients. The 
understanding of underlying pathomechanisms of GlyR 
abs affecting the inhibitory synaptic network is needed 
to reveal new specific targets for drug therapy. Recently, 
enhanced GlyR internalization consecutive to GlyR abs 
treatment has been described. In our study, we examine 
the internalization via a different immunocytochemical 
approach using transfected human embryonic kidney 
(HEK293) cells. Furthermore we prove the effect of GlyR 
abs to the conductive properties of the receptor as a chlo-
ride ion channel by patch clamp technique. A blockade of 
the ion channel is highly suspected to play a key role in 
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GlyR abs associated SPS pathogenesis. Studies to zebraf-
ish carrying mutations in GlyR encoding genes showed 
a specific touch-evoked escape response (TEER) due to 
defective glycinergic neurotransmission. To demonstrate 
GlyR abs intrinsic pathogenicity, we perform a passive 
transfer of purified IgG to the intraventricular space of ze-
brafish embryo and test them subsequently for deviation 
in their TEER. 
This work has been supported by the Deutsche Forschun-
gsgemeinschaft (VI586 to CV).

328 
Intrathecal plasma cells are clonally expanded 
and produce pathogenic antibodies in anti-
NMDA-R encephalitis 

Manish Malviya(1) - Sumanta Barman(1) - Kristin 
Golombeck(2) - Claudia Wroz(3) - Kim Kristin Falk(4) 
Nathalie Strutz-Seebohm(5) - Guiscard Seebohm(5)  
Christine Stadelmann-Nessler(3) - Frank Leypoldt(4)  
Hans-Peter Hartung(1) - Jesus Planagumà (6) - Francesco 
Mannara (6) - Josep Dalmau (6) - Nico Melzer(2)  
Norbert Goebels(1)

Heinrich-heine-university, Department Of Neurology, 
Duesseldorf, Germany(1) - University Of Muenster, Department 
Of Neurology, Muenster, Germany(2) - University Of Goettingen, 
Department Of Neuropathology, Goettingen, Germany(3)  
University Hospital Of Schleswig-holstein Luebeck, Institute 
Of Clinical Chemistry And Department Of Neurology, Luebeck, 
Germany(4) - University Of Muenster, Institute For Genetics 
Of Heart Diseases, Muenster, Germany(5) - University Of 
Barcelona, Institut D’investigació Biomèdica August Pi I 
Sunyer, Barcelona, Spain (6)

Objective: To analyze the intrathecal plasma cell reper-
toire of patients with autoimmune encephalitis (AIE) 
syndromes, identify autoantibody producing plasma cell 

clones and characterize their antibody signatures in re-
combinant form.
Background: AIE syndromes are characterized by auto-
antibody signatures specific for antigens at pre- or post-
synaptic sites of the neuronal membrane. Passive trans-
fer experiments of cerebrospinal fluid (CSF) imply their 
pathogenic relevance. Yet, patients’ CSF is heterogeneous, 
impairing a conclusive characterization.
Design/methods: RT-PCR of expressed immunoglobulin 
(Ig) gene transcripts of single FACS sorted CSF plasma 
cells; sequence analysis and identification of expanded 
plasma cell clones (cePc); expression of paired Ig-genes 
of cePc as recombinant human monoclonal antibodies 
(rhuMAB); analysis of the antigen specificity of the re-
sulting human monoclonal antibodies; functional analysis 
of rhuMAbs.
Results:Using the approach outlined above, we identi-
fied expanded clones (cePc) in all AIE patients analyzed. 
So far, we cloned and expressed matched Ig heavy and 
light chain genes from cePc of AIE patients with antibody 
signatures specific for GAD, Hu, NMDA-R, Lgi1 and 
CASPR2 as recombinant human monoclonal antibodies 
(rhuMAb). Specificities of rhuMAb were confirmed by 
IHC and / or immunoprecipitation.
Functional analysis of rhuMab recovered from an NMDA-
R encephalitis patient demonstrate a) identical brain im-
munostaining as that produced by patients‘ CSF antibod-
ies, b) impairment of NMDA-R mediated currents, and 
c) memory impairment in mice after intraventricular infu-
sion of rhuMab, accompanied by antibody-mediated inter-
nalization and decrease of density of synaptic NMDA-Rs.
Conclusions: Using recombinant antibody technology, 
we have recovered specific autoantibody signatures from 
clonally expanded CSF plasma cells of AIE patients. 
Here we demonstrate that patient derived NMDA-R 
specific rhuMab can reproduce key pathogenic features 
typical for NMDA-R encephalitis.

18 
The Hippocampus is a (partially) immune 
privileged site 

Nina Fainstein(1) - Tamir Ben-hur(1)

Hadassah Hebrew University Medical Center, Dept. Of 
Neurology, Jerusalem, Israel(1)

The CNS has been traditionally viewed as a (partially) im-

mune-privileged site, although there is noteworthy litera-
ture on rejection of allogeneic grafts from the brain. With 
the advent of cell therapy, different cellular platforms are 
emerging, including autologous cells produced individual-
ly for each patient, versus allogeneic cell platforms, which 
may be distributed as a shelf product. Therefore, it is im-
portant to determine the need for immunosuppressive treat-
ment to prevent rejection of allogeneic cellular therapies. 
Neural stem cells (NSC) possess powerful immune-regula-

CNS and its barriers: the “privilege” to be “isolated”?
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tory properties, which inhibit antigen presenting cells and 
T cell activation and proliferation. While these properties 
may protect transplanted NSCs, we have recently shown 
that allogeneic NSC grafts survive in a quiescent, non-func-
tional state; they lose with time their immune-regulatory 
functions and are rejected from the naïve brain. We found 
that expression of green-fluorescent-protein (GFP) pro-
vokes an especially strong immune response and rejection. 
We examined here whether there are differences between 
various brain regions in eliciting an immune response 
and rejecting grafts of highly immunogenic GFP+ allo-
geneic stem/precursor cells. These grafts were rejected 
efficiently from the mouse Striatum but persisted in the 
Hippocampus and ventricles. IBA-1+ microglia/macro-
phages and CD3+ T cells heavily infiltrated the striatal 
grafts. In comparison, hippocampal grafts exhibited mild-
er infiltration of IBA-1+ cells, and T cells did not pen-
etrate them efficiently, but accumulated in their periphery.  
We then examined the role of CD200, a major immune-in-
hibitory signal, limiting various inflammatory processes, 
in this brain region-specific immune privilege property. 
While NSC expressed CD200 prior to transplantation, 
its expression was lost within 2 days post striatal trans-
plantation, but persisted at least 2 months in hippocampal 
grafts. Loss of CD200 expression in extra-hippocampal 
portions of the graft was associated with a strong local 
IBA-1+ and CD3+ cell infiltration into the graft. Fur-
thermore, Astrocytes, which do not normally express 
CD200, were rejected efficiently from the Hippocampus. 
In conclusion, the Hippocampus (and CSF) is a partially 
immune-privileged site for transplanted stem cell grafts 
that possess immune-regulatory properties. The Hippo-
campus induces continued expression of CD200 on trans-
planted NSCs to protect them from the allogeneic immune 
response and rejection.

33 
The choroid plexus in psychological stress 
response 

Alexander Kertser - Kuti Baruch - Michal Schwartz
Department Of Neurobiology, Weizmann Institute Of Science, 
Rehovot, Israel

Severely stressful conditions can trigger an inflammatory 
response within the brain, yet the underlying mechanism 
and the implications of this response to post traumatic pa-
thologies are not fully understood. Recently, we identified 
the brain’s choroid plexus (CP) as an active immunologi-
cal interface between the brain and the circulation, which 

can support the recruitment of “healing” immune cells 
to the central nervous system (CNS) following injury. 
Accordingly, we hypothesized that post traumatic com-
plications associated with cognitive impairments, might 
involve CP dysfunction as a gateway for leukocyte traf-
ficking. We found that CP gateway activity can be induced 
in an epithelial NF(kappa)B-dependent mechanism, 
which could be experimentally suppressed, using endog-
enous inhibitors. Addressing this signaling pathway in a 
mouse model, we found that glucocorticoids can directly 
affect CP gateway activity and may lead to reduced CNS 
immunosurveillance following severe traumatic stress. 
Together, these findings extend our understanding of sig-
nals which regulate CP gateway activity, and may point 
to novel therapeutic targets in treating CNS pathologies.

41 
The novel role of activated leukocyte 
cell adhesion molecule (ALCAM) in 
neuroinflammation 

Marc-André Lécuyer - Lyne Bourbonnière  
Sandra Larouche - Laure Michel - Catherine Larochelle 
Marc Charabati - Camille Pittet - Soufiane Ghannam 
Alexandre Prat
Université De Montréal, Centre De Recherche Du Chum 
(crchum), Montreal, Canada

The loss of blood-brain barrier (BBB) integrity is a hall-
mark of multiple sclerosis (MS). It is associated with a 
disorganization of junctional molecules and an upregula-
tion of cell adhesion molecules essential for immune cell 
transmigration. Identifying novel key players involved 
in this process is thus crucial for the development of MS 
therapies aimed at promoting BBB integrity and decreas-
ing leukocytes trafficking into the central nervous system 
(CNS) during neuroinflammation. In this study, the spe-
cific role of the adhesion molecule ALCAM present on 
BBB endothelial cells (BBB-ECs) and its effects on leu-
kocyte transmigration during the course of experimental 
autoimmune encephalomyelitis (EAE) was assessed. Us-
ing a modified adhesion assay under shear stress, we first 
demonstrated that ALCAM blocking antibodies signifi-
cantly reduced human leukocyte adhesion to BBB-ECs. 
The migration of both monocytes and CD4 T lympho-
cytes across human BBB-ECs and meningeal endothelial 
cells was also significantly decreased, albeit differently 
regulated. Furthermore, in vivo ALCAM blockade re-
duced leukocyte infiltration and EAE severity in wildtype 
(WT) C57Bl/6 mice. Unexpectedly, ALCAM knock-out 
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(KO) mice developed a more severe active EAE associ-
ated with a significant increase in perivascular infiltration 
of pro-inflammatory lymphocytes (Th1/Th17) and M1 
monocytes/macrophages, as compared to WT controls. 
ALCAM KO mice also displayed more extensive CNS 
demyelination and astrogliosis. In order to explain these 
data, we performed passive EAE transfer in which AL-
CAM KO mice received WT MOG-reactivated spleno-
cytes. These experiments suggested that the pathophysi-
ology observed in active EAE is linked to the absence of 
ALCAM on BBB-ECs. In addition, phenotypic charac-
terization of un-immunized ALCAM KO mice revealed 
a reduced expression of BBB junctional proteins. Further 
analysis showed that ALCAM is indirectly associated 
with tight junction molecules of BBB-ECs, explaining the 
increased permeability of CNS blood vessels in ALCAM 
KO animals. Correlating with these data, primary culture 
of mouse BBB endothelial cells was shown to possess a 
lower electric resistance (TEER) and an increased perme-
ability coefficient as assessed using a modified Boyden 
chamber assay. Collectively, our data provide evidence of 
the implication of ALCAM in leukocyte transmigration 
across human and mouse CNS endothelium and point to 
a biologically crucial function of ALCAM in maintaining 
BBB integrity in mouse.

75 
CYLD Aggravates Experimental Cerebral 
Malaria by Impairing CD8+ T cell Responses 
and Fostering Blood-Brain Barrier Damage 

Ursula Schmid(1) - Werner Stenzel(2) - Josephin Koschel(1) 
Maria Raptaki(1) - Michael Naumann(3)  
Kai Matuschewski(4) - Dirk Schlüter(1) - Gopala Nishanth(1)

Otto-von-Guericke-University, Institute of Medical 
Microbiology and Hospital Hygiene, Magdeburg, Germany(1) 
Charité, Department of Neuropathology, Berlin, Germany(2) 
Otto-von-Guericke-University, Institute of Experimental 
Internal Medicine, Magdeburg, Germany(3) - Max-Planck 
Institute for Infection Biology, Parasitology, Berlin, Germany(4)

Cerebral malaria is a severe complication of human ma-
laria and may lead to death of Plasmodium falciparum 
infected individuals. Cerebral malaria is associated with 
sequestration of parasitized red blood cells within the ce-
rebral microvasculature resulting in damage of the blood 
brain barrier and brain pathology. Although CD8+ T cells 
have been implicated in the development of murine ex-
perimental cerebral malaria (ECM), several other studies 
have shown that CD8+ T cells confer protection against 

blood-stage infections. Here, we investigated how the 
deubiquitinating enzyme CYLD, an important inhibitor 
of various signalling pathways including nuclear factor 
‘kappa-light-chain-enhancer’ of activated B-cells (NF-
kappaB), signal transducer and activator of transcription 
3 (STAT3), mitogen-activated protein kinases and T cell 
receptor, influences the outcome of ECM. Upon infec-
tion with Plasmodium berghei ANKA (PbA) sporozoites 
or (PbA)-infected red blood cells, 90% of the C57BL/6 
Cyld-/- mice survived the infection, whereas all the wild-
type mice succumbed within 9 days to ECM, with im-
paired parasite control and disruption of the blood brain 
barrier integrity. CYLD deficiency prevented widespread 
brain pathology with numerous hemorrhagic lesions, en-
hanced activation of astrocytes and microglia, infiltration 
of CD8+ T cells and pronounced apoptosis of endothe-
lial cells. Furthermore, the pathogen-specific CD8+ T 
cell response was augmented in the blood of Cyld-/- mice 
with increased production of interferon (IFN)-gamma and 
granzyme B. The enhanced CD8+ T cell response in the 
Cyld-/- mice was accompanied by increased activation of 
Protein kinase C (PKC)-theta and NF-kappaB. Important-
ly, the accumulation of CD8+ T cells in the brain of Cyld-
/- mice was significantly reduced compared to the WT 
mice. Finally, bone marrow chimera experiments showed 
that the protection of Cyld-/- mice against ECM was not 
only due to the immune system but also due to radioresis-
tant Cyld-/- parenchymal cells including the endothelial 
cells, which did not undergo apoptosis. Taken together, 
these data identify CYLD as ECM promoting and thus, as 
a potential therapeutic target during ECM.

92 
Poly(ADP-ribose) type 1 (PARP) inhibition in 
leukocytes diminishes inflammation via effects 
on integrins/cytoskeleton and protects the blood 
brain barrier (BBB) 

Yuri Persidsky(1) - Viviana Zuluaga-ramirez(1) - Nancy 
Reichenbach(1) - Holly Dykstra(1) - Sachin Gajghate(1)  
Pal Pacher(2) - Slava Rom(1)

Lewis Katz School Of Medicine At Temple University, Pathology 
And Laboratory Medicine, Philadelphia, United States(1) - Nih, 
Niaaa, Bethesda, United States(2)

Neuroinflammation is characterized by leukocyte infiltra-
tion into the brain resulting in blood brain barrier (BBB) 
dysfunction and contributing to morbidity in multiple 
sclerosis, encephalitis, traumatic brain injury and stroke. 
Identification of pathways that decrease the inflammatory 
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potential of leukocytes would prevent such injury. In this 
study, we explored the idea that selective inhibition of 
poly(ADP-ribose) type 1 (PARP-1) in leukocytes would 
diminish their engagement of brain endothelium. These 
effects are outside recognized of PARP-1 functions in 
DNA repair and transcriptional regulation. We used intra-
vital microscopy to demonstrate that selective PARP in-
activation in leukocytes drastically attenuated leukocyte 
adhesion/migration to and across cortical vessels in two 
in vivo models, LPS-induced systemic inflammation and 
TNF-alpha-induced localized encephalitis. PARP knock-
out animals exhibited attenuated inflammation-caused 
permeability vs. wild type mice. PARP knockout leuko-
cytes showed in a decreased number of adherent leuko-
cytes when adoptively transferred into wild type mice or 
an enhanced number of adherent leukocytes when wild 
type leukocytes were introduced into PARP knockout 
mice. Our in vivo results were reproduced in vitro where 
monocytes treated with PARP inhibitors showed substan-
tially reduced adhesion to and migration across monolay-
ers of primary human brain microvascular endothelial 
cells. Inactivation of PARP in primary human monocytes 
prevented barrier disruption. PARP suppression in mono-
cytes resulted in attenuation of conformational changes of 
active integrins (VLA-4 and LFA-1). PARP inhibitors pre-
vented actin cytoskeleton rearrangements via suppression 
of small GTPases These results suggest PARP inhibition 
in leukocytes as a novel approach to BBB protection in 
the setting of endothelial dysfunction caused by inflam-
mation-induced leukocyte engagement.

135 
Blood brain barrier shielding and anti-
inflammatory properties of cannabinoid type 
2 receptor (CB2) agonists: Novel approach to 
treatment of neuroinflammation

Yuri Persidsky - Viviana Zuluaga-ramirez  
Nancy Reichenbach - Holly Dykstra - Servio Ramirez  
Slava Rom
Lewis Katz School Of Medicine At Temple University, Pathology 
And Laboratory Medicine, Philadelphia, United States

Previous studies have shown that modulation of the recep-
tor-mediated cannabinoid system during neuroinflamma-
tion can produce potent neuroprotective and anti-inflam-
matory effects. However, in this context, little is known 
about how selective activation of CB2 affects the activat-
ed state of the brain endothelium and blood–brain barrier 
(BBB) function. Using human brain tissues and primary 

human brain microvascular endothelial cells (BMVEC), 
we demonstrate that the CB2 is highly upregulated during 
HIV infection and inflammatory insults. Next, we exam-
ined whether the CB2 agonists could attenuate inflamma-
tory responses at the BBB using a mouse model of LPS-
induced neuroinflammation. Visualization by intravital 
microscopy (IVM) revealed that administration of CB2 
agonists attenuated leukocyte adhesion in cortical venules 
and prevented barrier leakiness after LPS administration. 
The CB2 agonist increased barrier tightness and increased 
the amount of tight junction proteins in BMVEC in vitro. 
CB2 agonists decreased the induction of adhesion mol-
ecule surface expression in BMVEC exposed to various 
proinflammatory mediators. Next, we tested the idea that 
selective CB2 activation in human monocytes regulates 
their ability to engage the brain endothelium and migrate 
across BBB preventing its injury. IVM was used to quan-
tify adhesion of leukocytes to cortical vessels in LPS-
induced neuroinflammation, following injection of ex 
vivo CB2-activated leukocytes into mice. CB2 agonists 
decreased adhesion (91-96%) of ex vivo labeled cells in 
vivo. In an in vitro BBB model, CB2 activation in mono-
cytes reduced adhesion (100%) to and migration (60%) 
across monolayers of BMVEC and diminished BBB 
damage. CB2 stimulation in monocytes downregulated 
active forms of integrins and led to increased expression 
of inhibitory sites of the actin binding proteins upstream 
regulators of conformational integrin changes. CB2 stim-
ulation decreased formation of lamellipodia. We receptly 
identified novel bioavailable CB2 agonists. These com-
pounds tightened BBB, diminished monocyte adhesion/
migration across BBB models in vitro and protected BBB 
in animal models after oral administration. These results 
suggest that pharmacological CB2 ligands offer a new 
strategy for BBB protection during neuroinflammation.
Funding: AA015913, AA023552   

198 
CNS endothelial IL-1 signaling drives 
neuroinflammation 

Judith Hauptmann - Tommy Regen - Ari Waisman
Institute For Molecular Medicine, University Medical Center  
Of The Johannes Gutenberg University, Mainz, Germany

The pro-inflammatory cytokine interleukin (IL)-1 is cru-
cially important for mediating the infiltration of inflamma-
tory cells in multiple sclerosis (MS) and its animal model, 
experimental autoimmune encephalomyelitis (EAE). IL-1 
signaling in endothelial cells (ECs) of the blood-brain bar-
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rier (BBB) induces an up-regulation of pro-inflammatory 
molecules, which in turn leads to the recruitment of leu-
kocytes to the CNS. Changes in expression of the IL-1 
receptor and/or receptor antagonist have been implicated 
in MS, as high levels of IL-1 have been found in the brain 
white matter of these patients. In this project we are in-
terested to investigate the importance of IL-1 signaling in 
BBB-ECs, and its consequences for EAE autoimmunity in 
the CNS. In unchallenged wild type mice we could detect 
5% of CNS ECs staining positive for IL-1R1 as assessed 
by flow cytometry. In contrast, already at three days after 
EAE induction we found a significant up-regulation of the 
receptor with 20-25% positive cells, which stayed stable 
until day 15 post immunization. To study the EC-specific 
role of IL-1 signaling we make use of the conditional gene 
targeting approach to create a novel mouse strain, where 
the IL-1R1 is specifically deleted in ECs of the BBB, us-
ing the tamoxifen-inducible SLCo1c1-CreERT2 recombi-
nase (IL-1R1SLC mice). When we immunized these mice 
we observed a significantly reduced disease course with 
similar time of onset but significantly lower peak disease 
score, compared to control mice. ICAM-1 and VCAM-
1 were significantly reduced in IL-1R1SLC immunized 
mice. Although the overall proportions of CNS-infiltrating 
cells at the peak of disease were very similar between the 
two groups, we found in total less MOG antigen specific 
T cells in IL-1R1SLC spinal cords, with less GM-CSF- 
and IFNgamma expression in these cells. Also infiltrat-
ing myeloid cells including neutrophils and inflammatory 
monocytes were reduced in cell number, suggesting that 
IL-1 signaling in CNS ECs orchestrates the infiltration of 
encephalitogenic cells during EAE. At this point we con-
clude that IL-1 signaling in ECs of the BBB significantly 
contributes to the induction of EAE.

209 
Integrin alpha8 promotes T lymphocyte 
migration across the blood-CNS barriers 

Elizabeth Gowing(1) - Steve Gendron(1) - Bieke Broux(2) 
Marc-André Lécuyer(1) - Marc Charabati(1) - Evelyn 
Peelen(1) - Lyne Bourbonniere(1) - Sandra Larouche(1) 
Simone Terouz(1) - Pierre Duquette(3) - Alexandre Prat(1)

Centre de recherche du CHUM, Université de Montréal, 
Montreal, Canada(1) - Biomed, Hasselt University, Hasselt, 
Belgium(2) - Clinique de Sclerose en Plaques, L’Hopital Notre 
Dame (CHUM), Montreal, Canada(3)

Active migration of peripheral blood (PB) leukocytes 
across the central nervous system (CNS) barriers is a 

critical process in multiple sclerosis (MS) pathogenesis. 
These barriers include the tightly regulated blood-brain 
barrier (BBB) and blood-meningeal barrier (BMB). Inte-
grins, which are heterodimeric alpha/beta transmembrane 
proteins, facilitate transmigration by mediating cell-cell or 
cell-extracellular matrix protein interactions. Specifically, 
beta1 integrin heterodimers are involved in the migration 
of PB lymphocytes into the CNS, as supported by the 
clinical efficacy of Natalizumab, a monoclonal antibody 
targeting integrin alpha4beta1. However, due to wide-
spread expression of alpha4beta1 across leukocyte sub-
sets, Natalizumab treatment is associated with impaired 
immune surveillance and susceptibility to severe viral in-
fections. Therefore, our goal is to characterize novel beta1 
integrin partners involved in the migration of pathogenic 
T lymphocytes across the CNS vasculature. As proteomic 
analysis revealed that TH17 cells express alpha8beta1, 
we hypothesize that alpha8 is an important mediator of 
T lymphocyte migration into the CNS. Here we show 
through qPCR and western blot that alpha8 is specifically 
expressed by activated CD4+ and CD8+ T lymphocytes 
and is upregulated in pro-inflammatory conditions in 
healthy controls and MS patients. Immunofluorescence 
reveals that alpha8 is expressed on the surface of T cell 
infiltrates in MS patient and mouse experimental autoim-
mune encephalomyelitis (EAE) CNS lesions. Moreover, 
RT-PCR, western blot and immunofluorescence demon-
strate that BBB and BMB endothelial cells (ECs) express 
the main ligand of alpha8, nephronectin (NPNT). Block-
ade of alpha8 decreases TH1 and TH17 cell migration 
across a BBB-EC monolayer in vitro. Moreover, thera-
peutic i.p. injections of an alpha8 blocking peptide reduc-
es clinical severity, limits T lymphocyte infiltration into 
the CNS, and prevents disease progression in MOG35-
55-induced EAE mice. These data highlight an important 
role for alpha8 in mediating pro-inflammatory activated T 
lymphocyte migration across the CNS microvasculature, 
suggesting that this integrin may be an effective therapeu-
tic target to prevent pathologic neuroinflammation and 
MS disease activity.

247 
The Choroid Plexus as an Immunological Niche 
for CD4 T Cell-Mediated Immunity in the CNS 

Itai Strominger(1) - Omer Berner(1) - Kritika Mittal(1) - 
Nitzan Levy(1) - Anna Nemirovsky(1) - Alon Monsonego(1)

Ben-Gurion University Of The Negev, Shraga Segal Department 
Of Microbiology, Immunology, And Genetics. National Institute 
Of Biotechnology In The Negev, Beer Sheva, Israel(1)
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The choroid plexus (CP) is a unique compartment of the 
brain ventricles maintaining an interface between the 
blood and the CNS (i.e. the blood-CSF-barrier, BCSFB) 
and manufacturing the cerebrospinal fluid (CSF). The CP 
comprises primarily fenestrated vasculature, stroma and 
epithelial cells with a basolateral membrane and apical 
surface facing the CSF. We have previously shown that 
activated CD4 T cells, injected to the lateral ventricle, 
enter both the brain parenchyma and the CP. We hypoth-
esized that preconditioned CP epithelial cells facilitate 
the recruitment and transmigration of CSF CD4 T cells to 
generating a niche for antigen-specific T-cell activation. 
Here we use in vivo and ex vivo methods to evaluate the 
interactions between the CP and CD4 T cells. We show 
that both the CP epithelial cells and antigen-presenting 
cells (APCs) are highly sensitive to innate and adaptive 
immune stimulations, expressing key mediators that sup-
port immune-cell activation and trafficking. Furthermore, 
CD4 T cells injected into the lateral ventricles adhere and 
cross the CP epithelium, where they proliferate and reside 
for weeks. CD4 T cells incubated ex vivo with intact CPs 
are shown to interact with CP epithelial cells and APCs to 
facilitating immune signaling required for leukocyte traf-
ficking. Overall we suggest that the CP can serve as an 
immune compartment that facilitates T-cell responses as 
part of adaptive immunity in the CNS.

260 
Netrin-4 Promotes Neuroinflammation by 
Regulating the Blood-Brain Barrier 

Marc Charabati(1) - Cornelia Podjaski(1) - Jean-philippe 
Ouimet(1) - Marc-andré Lécuyer(1) - Catherine Larochelle(1) 
Jorge Ivan Alvarez(2) - Lyne Bourbonnière(1) - Sandra 
Larouche(1) - Nathalie Arbour(1) - Alexandre Prat(1)

Centre De Recherche Du Centre Hospitalier De L’université 
De Montréal (crchum), Université De Montréal, Montreal, 
Canada(1) - Department Of Pathobiology, School Of Veterinary 
Medicine, University Of Pennsylvania, Philadelphia, United 
States(2)

Multiple sclerosis (MS) is an inflammatory disease of the 
central nervous system (CNS) characterized by the peri-
vascular infiltration of leukocytes and by the subsequent 
appearance of demyelinating lesions.  Another hallmark 
of MS is the disruption of the blood-brain barrier (BBB), 
which is thought to coincide with the CNS immune infil-
tration, if not to even precede it.  The mechanisms under-
lying the BBB disruption in MS and in its animal model, 
experimental autoimmune encephalomyelitis (EAE), are 

largely unexplored.  We have recently established Ne-
trin-1 as an important regulator of BBB permeability in 
MS and in EAE (Podjaski et al. 2015).  The main goal 
of this study is to decipher the role of another member of 
the Netrin family of axon guidance proteins: Netrin-4.  In 
vitro, we have first observed that Netrin-4 is highly ex-
pressed by primary human endothelial cells of the BBB 
(BBB-ECs) under resting conditions, but this expression 
is significantly downregulated upon inflammation.  In a 
similar fashion, the expression of Netrin-4 on the BBB is 
virtually non-existent in the perivascular lesions of both 
MS and EAE, while it is highly expressed on the BBB in 
normal appearing white matter and in naive control mice.  
Functionally, treating human BBB-ECs with Netrin-4 up-
regulates the expression of tight and adherens junction 
proteins and decreases permeability.  In addition, prelimi-
nary data showcase that the development of EAE in Ne-
trin-4 knockout mice is more severe than in their wildtype 
littermates.  Altogether, our data pinpoint Netrin-4 as a 
key promoter of BBB function during homeostasis.  Dur-
ing neuroinflammation, we show that the downregulation 
of Netrin-4 likely promotes disease development.  By de-
ciphering the role of Netrin-4 on the BBB, not only do 
we further uncover the mechanisms underlying the MS 
associated BBB disruption, but we also aim to provide 
evidence that targeting the BBB could potentially allow 
the development of promising therapeutics.

261 
KCNK2 regulates immune-cell trafficking into 
the CNS via the formation of nanoscale immune 
docking structures on brain endothelial cells  

Tobias Ruck(1) - Stefanie Bock(1) - Jonas Franz(2)

Christoph Riethmüller(2) - Stefan Bittner(3) - Sven Meuth(1)

University Of Muenster, Department Of Neurology, Muenster, 
Germany(1) - Nanostic Institute, Centre For Nanotechnology, 
Muenster, Germany(2) - University Medical Center Of The 
Johannes Gutenberg University Mainz, Department Of 
Neurology, Mainz, Germany.(3)

KCNK2, a two-pore domain potassium channel, has pre-
viously been implicated as important regulator of leuko-
cyte transmigration through the blood-brain-barrier into 
the central nervous system (CNS). In Kcnk2 knockout 
mice increased severity of experimental autoimmune en-
cephalomyelitis, an animal model of multiple sclerosis, 
was associated with an increased immune-cell migration 
into the CNS. An upregulation of the cellular adhesion 
molecules ICAM-1 and VCAM-1 on brain endothelial 
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cells in Kcnk2 knockout were found as potential underly-
ing mechanisms. However, the exact molecular pathways 
involved are still unknown. 
To elucidate these mechanisms, we isolated and cultured 
primary brain endothelial cells from C57Bl/6 wildtype 
and Kcnk2 knockout mice. The cells were investigated 
by super resolution microscopy techniques (atomic force 
microscopy, dSTORM), accompanied by confocal imag-
ing, molecular biology approaches and protein interaction 
studies. Under inflammatory conditions brain endothelial 
cells showed an altered surface morphology with multi-
ple 200-300 nm long membrane protrusions assessed by 
atomic force microscopy. Kcnk2 knockout mouse brain 
endothelial cells demonstrated a comparable increase in 
number and volume of membrane protrusions already un-
der basal conditions. Confocal imaging identified these 
membrane protrusions as ICAM1- and VCAM1-contain-
ing immune-cell docking structures. As potential molecu-
lar equivalent Kcnk2 knockout endothelial cells showed 
alterations in the actin cytoskeleton with increased stress 
fiber formation indicating interactions of KCNK2 chan-
nels and cytoskeletal structures. In summary KCNK2 
channels are involved in the formation of adhesion mol-
ecule-containing nanoscale immune docking structures 
on brain endothelial cells, thereby regulating leukocyte 
adhesion and migration into the CNS. Alterations in this 
regulatory pathway might contribute to autoimmune neu-
roinflammatory disorders such as multiple sclerosis.

263 
The Contribution of MCAM on the Blood-Brain 
Barrier to Neuroinflammation 

Marc Charabati - Marc-andré Lécuyer - Catherine 
Larochelle - Evelyn Peelen - Laure Michel - Lyne 
Bourbonnière - Sandra Larouche - Nathalie Arbour  
Alexandre Prat
Centre De Recherche Du Centre Hospitalier De L’université De 
Montréal (crchum), Université De Montréal, Montreal, Canada

Migration of peripheral leukocytes across the blood-
brain barrier (BBB) and into the central nervous system 
(CNS) is a trademark of multiple sclerosis (MS). We have 
recently identified MCAM as a surface marker of Th17 
cells, and as an adhesion molecule involved in the migra-
tion of Th17 and effector CD8 T lymphocytes into CNS 
during neuroinflammation (Larochelle et al. 2012, 2015).  
Additionally, we have shown that MCAM is upregulated 
on endothelial cells of the BBB (BBB-ECs) in lesions of 
both MS and its animal model, experimental autoimmune 

encephalomyelitis (EAE).  Although MCAM is known 
to carry homotypic interactions as well as heterotypic in-
teractions, the function of MCAM on BBB-ECs remains 
largely unclear.  In this study, our main objective is to ex-
plore the contribution of MCAM on BBB-ECs versus on 
T cells to neuroinflammatory processes.  As a result, we 
generated an MCAM knockout (KO) murine model on 
the C57BL/6 background.  After observing that our model 
featured no obvious abnormalities in its immune compart-
ment or in its cerebellar vasculature, we investigated the 
development of EAE in it by conducting experiments of 
passive EAE.  Following the adoptive transfer of wild-
type encephalitogenic leukocytes into MCAM KO and 
wildtype recipient mice, we observed that the MCAM KO 
recipients developed a significantly milder disease than 
their wildtype littermates and featured reduced levels of 
CNS infiltrating inflammatory T cells.  A deeper analysis 
of the CNS infiltrating leukocytes revealed that MCAM+ 
T cells were incapable of accessing the CNS of MCAM 
KO recipients but were present in the CNS of the wildtype 
recipients.  This indicates that MCAM on the BBB-ECs 
likely contributes to neuroinflammation by acting as a li-
gand for CNS infiltrating MCAM+ inflammatory T cells.  
We are currently in the process of conducting complemen-
tary in vitro and in vivo experiments to decipher the pre-
cise function of MCAM on BBB-ECs.  This work will fur-
ther establish MCAM as a promising potential therapeutic 
target to treat MS by preferentially blocking the migration 
of inflammatory T cells into the CNS without impairing 
the protective CNS immunesurveillance. 

286 
let-7 microRNAs protect blood brain barrier 
(BBB) in ischemia/reperfusion 

Slava Rom - Viviana Zuluaga-ramirez - Sachin Gaghate  
Nancy Reichenbach - Yuri Persidsky
Temple University School Of Medicine, Pathology And 
Laboratory Medicine, Philadelphia, United States

It has been recognized that blood brain barrier (BBB) dys-
function exists in most neurological diseases, including 
stroke, multiple sclerosis, Alzheimer’s and Parkinson’s 
diseases, brain infections and epilepsy. Inflammation 
plays a significant role in BBB injury, secondary to pro-
inflammatory factors produced in the brain or leukocyte 
engagement of brain endothelium. Brain microvascular 
endothelial cells (BMVEC) are active participants and 
regulators of inflammatory processes at a site of inflam-
mation. Inflammatory responses in brain endothelium 
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involve hundreds of genes whose expression requires 
fine-tuned regulation. microRNAs (miRNAs) recently 
emerged as major regulators of gene expression. Very lim-
ited information exists about their participation in inflam-
matory responses caused by ischemia/reperfusion (I/R) 
events in brain endothelial cells. Based on our studies of 
BBB dysfunction during neuroinflammation, we suggest 
that barrier protection is best achieved when the inter-
vening agents possess anti-inflammatory properties and 
can stabilize tight junctions. Recently we have identified 
highly modified miRNAs, belonging to the let-7 miRNA 
family, which are important for endothelial maintenance. 
let-7 and miR-98 were predicted to target the inflamma-
tory molecules, CCL2, CCL5, IL8 and IP10. Overexpres-
sion of let-7 and miR-98 in vitro and in vivo resulted in 
reduced leukocyte adhesion to and migration across brain 
endothelium and diminished expression of pro-inflam-
matory cytokines. In oxygen glucose deprivation (OGD) 
followed by reperfusion (OGD/R), an in vitro I/R model, 
overexpression of these miRNAs led to increased BBB 
tightness, thereby attenuating barrier ‘leakiness’. Overex-
pression of these miRNAs resulted in decreased infarct 
volume and neutrophil infiltration in to the brain in tran-
sient Middle Cerebral Artery Occlusion (tMCAO), an in 
vivo I/R stroke animal model. Our investigation provides 
identification and functional assessment of miRNAs in 
brain endothelium and leads to future therapeutic devel-
opments for prevention of deleterious effects of ischemia/
reperfusion on the brain.

290 
Antigen expression by endothelial cells of the 
blood brain barrier elicits migration of CD8 T 
cells in the central nervous system 

Céline Meyer(1) - Lidia Yshii(1) - Christina Gebauer(1)  
Britta Engelhardt(2) - Roland Liblau(1) - Guillaume  
Martin-Blondel(3)

Centre De Physiopathologie De Toulouse Purpan (CPTP), 
Université Toulouse III, Toulouse, France(1) - Theodor Kocher 
Institute, University Of Bern, Bern, Switzerland(2) - Centre De 
Physiopathologie De Toulouse Purpan (CPTP)/department Of 
Infectious And Tropical Diseases, Toulouse University Hospital, 
Université Toulouse III, Toulouse, France(3)

CD8 T cells are key players of the adaptive immune re-
sponse involved in the pathogenesis of inflammatory 
and infectious diseases. A role for antigen expression by 
MHC-I molecules expressed by endothelial cells (EC) of 
the blood brain barrier (BBB) has been suggested. The 

aim of this project is to unravel the role of antigen pre-
sentation specifically by EC of the BBB on the migration 
of CD8 T cells to the central nervous system (CNS). We 
generated a murine model in which HA (Haemagglutinin 
of the Influenza virus) is conditionally expressed after 
tamoxifen administration only by EC of the BBB and epi-
thelial cells of choroid plexus (Slco1c1ERT2-HA mice; 
Slco1c1ERT2 kindly provided by Markus Schwaninger). 
CD8 T cells bearing HA-specific TCR were in vitro dif-
ferentiated toward a cytotoxic phenotype and transferred 
into tamoxifen-treated Slco1c1ERT2-HA mice or control 
mice. The adoptive transfer of 30x106 HA-specific cyto-
toxic CD8 T cells in Slco1c1ERT2-HA mice is associated 
with a significant weight loss at day 8, but not in control 
mice. Brain immunochemistry performed 8 and 28 days 
after adoptive transfer showed that CD3+ cells penetrate 
the CNS parenchyma only in Slco1c1ERT2-HA mice. 
FACS analysis of the composition of CNS T cell infiltrates 
7 days after cell transfer using a congenic marker revealed 
a significant increase in the number of transferred CD8 
T cells in Slco1c1ERT2-HA mice compared to control 
mice. In co-culture experiments with HA-expressing EC 
(or control EC) and naïve HA-specific CD8 T cells, EC 
elicit activation of HA-specific CD8 T cells in an antigen-
dependent manner. Our first results showed us that the 
specific expression of a self antigen by the EC of the BBB 
allows activation of antigen-specific CD8 T cells and their 
migration into the CNS. These observations highlight that 
EC acting as semi-professional antigen presenting cells 
could be involved in infectious or inflammatory CNS 
diseases. Consequences of antigen presentation by EC on 
CD8 T cells will be assessed in vitro under static and flow 
conditions, and in vivo.

368 
The effect of liquid aspirin in an 
experimental model of systemic infection and 
neuroinflammation. 

Jessica Teeling(1) - James Stuart(2) - Jan Cohen(2) - Simon 
Cohen(2)

University Of Southampton, Biological Sciences, South-
ampton, United Kingdom(1) - Innovate Pharmaceuticals 
Limited, -, Bury, United Kingdom(2)

Background: Increasing evidence suggest that neuroin-
flammation plays a critical role in the neuropathology of 
a number of neurodegenerative diseases, but the mecha-
nism that initiate the inflammatory and potential dam-
aging pathways remain unresolved. Clinical and experi-
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mental studies have now shown that low grade systemic 
inflammation and subsequent release of inflammatory 
cytokines and prostaglandins, results in activation of mi-
croglia and/or vascular endothelial cells and a decline in 
cognitive function, which is exaggerated in patients and 
models of neurodegeneration. These observations suggest 
that systemic bacterial and viral infections are a risk fac-
tor for neurogenerative diseases and modulation of this 
inflammatory response could be of therapeutic benefit.  In 
this study we test the hypothesis that a novel liquid formu-
la of aspirin, with unique properties, including increased 
penetrance across the BBB, blocks neuroinflammation in 
an experimental model of systemic infection.
Methods: C57/BL6 mice received liquid aspirin or saline 
as control, followed by a systemic challenge of lipopoly-
saccharide (LPS) to mimic a bacterial infection. Sickness 
behaviour was recorded and hippocampal tissue collected 
3 hours after LPS challenge to measure mRNA expression 
levels of proinflammatory mediators.
Results: We show that treatment with liquid aspirin does 
not alter the typical sickness behaviours that are observed 
following a systemic LPS challenge, including burrow-
ing and open field activity. However, treatment with liq-
uid aspirin completely prevents the LPS-induced mRNA 
expression of IL-1b and TNF-a in the hippocampus, while 
expression levels of cyclooxygenase were not affected. 
Conclusion: We show for the first time that liquid aspirin 
prevents pro-inflammatory cytokine production in the hip-
pocampus in a model of systemic bacterial infection. The 
underlying biological mechanism remain to be investigat-
ed but may include modulation of microglial and/or cere-
bral endothelial cell activation. Based on these findings 
we predict that liquid aspirin has the potential to become 
a novel treatment to prevent or delay neuroinflammation 
and cognitive decline following systemic infection.

372 
The blood meningeal barrier orchestrates the 
development of autoimmune inflammatory 
responses  

Hania Kebir(1) - Lara Cheslow(2) – Daniel Beiting(2)  
Simone Terouz(1) - Lyne Bourbonnière(1) - Alexandre 
Prat(1) - Jorge Iván Alvarez (1, 2)

Neuroimmunology Research Laboratory, Centre De Recherche 
Du Centre Hospitalier De L’université De Montréal 
(CRCHUM), Montréal, Québec, Canada(1) 
Department Of Pathobiology, School Of Veterinary Medicine, 
University Of Pennsylvania, Philadelphia, PA, United States(2)

The central nervous system (CNS) barriers regulate the 
movement of leukocytes and immune mediators from the 
bloodstream into the CNS. Although CNS barriers func-
tion in distinct anatomical compartments, studies to date 
have focused on changes in the blood-brain barrier (BBB) 
permeability and activation state during CNS inflamma-
tion. However, a growing body of evidence suggests that 
interactions between immune cells and the blood menin-
geal barrier (BMB) play a crucial role in the genesis of au-
toimmune CNS lesions, but also promote axonal loss and 
cortical pathology in progressive Multiple Sclerosis (MS). 
Making use of a novel human in vitro model of the BMB 
and BBB along with deep sequencing technologies, we 
found that in these two CNS barriers the anatomical com-
ponents associated with barrier properties such as junc-
tional proteins, extracellular matrix components and in-
tegrins are differentially expressed and influenced by the 
CNS microenvironment (astroglial stimuli). In addition, 
the BMB and BBB differ in their immunological profile, 
particularly with respect to pathways regulating cytokine 
activity, cell-cell adhesion, innate immune responses and 
cytoskeletal organization. Consequently, the phenotype of 
various immune cell populations is distinctively affected 
upon in vitro migration across the BMB as compared to 
the BBB. In particular, monocytes and B cells preferen-
tially adhere and migrate across the BMB whereas CD4 T 
cells become more inflammatory upon crossing the BMB 
than their counterparts migrating across the BBB. To vali-
date these findings, we induced experimental autoimmune 
encephalomyelitis (EAE) in mice and analyzed the pheno-
type of infiltrating immune cells within the meningeal and 
parenchymal compartments. We found that the meningeal 
microenvironment supports the first wave of immune cell 
infiltration, which consists mainly of inflammatory my-
eloid cells that drive infiltrating lymphocytes into the T 
helper 1 (Th1) and Th17 phenotypes, and also sustains 
immune cell activation throughout the disease course. 
Altogether, these findings demonstrate that the BMB and 
BBB differ in their barrier and immunological properties 
and that the BMB niche is more conducive to promote the 
development of immunological responses during MS and 
EAE.

378 
A Novel Autoantibody Facilitates Brain 
Microvascular Endothelial Permeability in 
Neuromyelitis Optica

Fumitaka Shimizu(1) - Kristin L. Schaller(2) - Gregory P. 
Owens(2) - Anne C. Cotleur(1) - Debra Kellner(1) - Yukio 
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Takeshita(4) - Birgit Obermeier(1) - Thomas J. Kryzer(3) - 
Yasuteru Sano(4) - Takashi Kanda(4) - Vanda A. Lennon(3) 
Richard M. Ransohoff(1) - Jeffrey L. Bennett(2)

Neuro/Immuno Discovery Biology, Biogen, Cambridge, MA, 
USA(1) - Departments of Neurology and Ophthalmology, 
Program in Neuroscience, University of Colorado Denver 
School of Medicine, Aurora, USA(2) - Department of Laboratory 
Medicine and Pathology, Mayo Clinic, Rochester, Minnesota, 
USA(3) - Department of Neurology and Clinical Neuroscience, 
Yamaguchi University Graduate School of Medicine, 
Yamaguchi, Japan(4

Neuromyelitis optica (NMO) is an autoimmune 
inflammatory disorder caused by antibodies to the astrocyte 
water channel aquaporin 4 (AQP4). Anti-AQP4 antibodies 
(AQP4-IgG) in the serum and cerebrospinal fluid (CSF) 
of NMO patients demonstrate significant overlap, and 
detailed analyses indicate that CSF AQP4-IgG is the 
product of both passive diffusion and local autoantibody 
production. The mechanism(s) by which serum AQP4-
IgG and antibody producing cells (APCs) gain access to 
the CNS in NMO remains unclear. To identify antibodies 
in NMO-IgG that may facilitate blood-brain barrier 
transit of AQP4-IgG, we applied affinity-purified IgG 
pooled from NMO patients (n=50; NMO-IgG), affinity 
purified IgG from individual NMO (n=4) or systemic 
lupus erythematosus (SLE; n=4) patients, or recombinant 
antibodies (rAbs) produced from clonally expanded 
CSF NMO plasmablasts to human brain microvascular 
endothelial cells (BMECs) and evaluated the effects on 
ICAM-1 expression and nuclear translocation of NF-kB 
p65 by OPERETTA High-Content Imaging. Additionally, 
anti-BMEC rAbs were used to identify a target antigen by 
immunoprecipitation and mass spectroscopy. Anti-BMEC 
autoantibodies were identified in pooled NMO-IgG, 3/4 
individual NMO and 3/4 individual SLE samples, but 
not in control IgG samples. Anti-BMEC autoantibodies 
in NMO-IgG bound live BMECs, induced ICAM-1 
expression and NF-kB p65 nuclear translocation, but did 
not bind human astrocytes. Anti-BMEC CSF rAbs were 
isolated from AQP4-IgG seropositive and seronegative 
patients and caused nuclear translocation of NF-kB p65, 
increased BMEC permeability, and enhanced transit of 
macromolecules. Anti-BMEC rAbs recognized identical 
proteins on Western blot; immunoprecipitation and mass 
spectroscopy identified a molecular chaperone (MC) 
protein expressed in the cytoplasm and on the plasma 
membrane of BMECs. NMO-IgG immuno-adsorbed 
against purified MC protein displayed marked reduction in 
the activation of BMEC cultures as monitored by nuclear 
p65 translocation. NMO-IgG contains autoantibodies 

against a molecular chaperone expressed on the plasma 
membrane of BMECs. Autoantibody binding activates 
BMECs and may open the blood-brain barrier for diffusion 
of AQP-4 IgG and promote transmigration of APCs and 
inflammatory cells. Anti-BMEC autoantibodies could 
provide a common mechanism for blood-brain barrier 
compromise in autoimmune disease and may provide a 
novel therapeutic target.
Support: National Institutes of Health, Guthy-Jackson 
Foundation, National Multiple Sclerosis Society.
Competing Financial Interests: F.S., D.K., A.C.C, B.O. 
and R.M.R. are employees of Biogen, Cambridge, MA, 
USA. R.M.R. and J.L.B. have filed a provisional patent on 
anti-endothelial antibodies and CNS therapy.

383 
Single nucleus RNA-Seq reveals dynamics of 
adult newborn neurons

Naomi Habib(1,2,3*) - Yinqing Li(1,2,3,4*)  
Matthias Heidenreich(1,2,3) - Lukasz Swiech(1,2,3)  
Inbal Avraham-Davidi(1) - John J. Trombetta(1)  
Cynthia Hession(1) - Feng Zhang(1,2,3,5,6†) - Aviv Regev(1,7†)

Broad Institute of MIT and Harvard(1) - Stanley Center for 
Psychiatric Research, Broad Institute of MIT and Harvard(2) 
McGovern Institute of Brain Research(3) - Department of 
Electrical Engineering and Computer Science(4) - Department 
of Brain and Cognitive Sciences(5) - Department of Biological 
Engineering(6) - Howard Hughes Medical Institute, Koch 
Institute of Integrative Cancer Research, Department of 
Biology, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, USA(7)

Single cell RNA-Seq (scRNA-seq) has extended our un-
derstanding of heterogeneous tissues including the brain, 
by providing rich information about cell types and cell 
states. However, applications of scRNA-seq in the adult 
brain are challenging, because isolation of single neurons 
from adult tissue harms the integrity of the cells and their 
RNA. Moreover, it is difficult to capture rare dynamic 
processes, such as adult neurogenesis, because it requires 
tagging and isolation of these rare newborn cells, while 
markers for each phase of the developmental process are 
limited. We developed experimental and computational 
methods to address these challenges. We first developed 
sNuc-Seq, a scalable single nucleus RNA-Seq method, 
and show that it can be used to identify closely related cell 
types within the adult hippocampus. We then developed 
Div-Seq, which combines sNuc-Seq with pulse labeling 
of dividing cells, to isolate the rare newborn neurons in 
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the adult brain. We applied Div-Seq to the neurogenic 
niche within the hippocampus, with a dense time-course, 
and show that Div-Seq enables unbiased investigation 
of proliferating neural stem cells and their progeny with 
high temporal resolution. We identified major coordinated 
transcriptional switches that align with known transitions 
between different neurogenic stages. We then applied 
Div-Seq to the spinal cord, a non-canonical neurogenic 
region, and identified rare adult newborn neurons, and 
tracked their transcriptional dynamics. Overall, applica-
tion of Div-Seq to the adult CNS, provides a detailed view 

of the transcriptional dynamics underlying adult neuro-
genesis, and highlighted potential regulators as well as the 
neurogenic potential of the adult spinal cord. sNuc-Seq 
and Div-Seq open new avenues in the study of neuronal 
diversity and dynamic processes in the CNS, and can be 
readily applied to diverse biological systems within the 
CNS and beyond.

Habib et al. Div-Seq: Single-nucleus RNA-Seq reveals 
dynamics of rare adult newborn neurons. Science. 2016

CNS microglia and macrophages in health and disease Myeloid cells in the brain: 
origin, fate and effect

9 
Manipulating IFN-I signaling in the brain 
throughout life reveals a novel homeostatic 
microglial regulator. 

Aleksandra Deczkowska(1) - Orit Matcovitch-Natan (1, 2)  
Afroditi Tsitsou-Kampeli(1) - Eyal David(2) - Oded Singer(3) 
Lucas K. Smith(4) - Anna Terem(5) - Ami Citri(5)  
Saul Villeda(4) - Ido Amit(2) - Michal Schwartz(1)

Department Of Neurobiology, Weizmann Institute Of 
Science, Rehovot, Israel(1) - Department Of Immunology, 
Weizmann Institute Of Science, Rehovot, Israel(2) - Faculty Of 
Biochemistry, Biological Services Unit, Weizmann Institute Of 
Science, Rehovot, Israel(3) - Department Of Anatomy, University 
Of California San Francisco, San Francisco, United States(4) 
Institute Of Life Sciences, Faculty Of Natural Sciences, The 
Hebrew University Of Jerusalem, Jerusalem, Israel(5)

Functional brain decline in aging is associated with al-
terations in microglial activity; however factors control-
ling aged microglial phenotype are not well understood. 
Here, we show that transcriptional profile of aged microg-
lia is partly dependent on type I interferon (IFN-I), which 
is produced in aging at the brain’s choroid plexus (CP) 
epithelium. Blocking IFN-I receptor signaling in the brain 
of aged mice, previously showed to restore aging-related 
cognitive loss, partly reversed aged microglial phenotype, 
whereas long-term overexpression of IFN-beta at the CP 
of middle-age mice promoted aging-like cognitive decline 
and altered microglial signature. Specifically, manipulat-
ing IFN-I signaling in vivo modulated microglial expres-
sion of Beta-2-microglobulin (B2M) and Complement 
factor 4 b (C4b), secreted factors recently associated with 
cognitive deterioration. Additionally, IFN-I suppressed 

microglial expression of a transcription factor, which we 
found to maintain homeostatic microglial function by 
promoting cellular production of neurotrophic factors, 
and restraining microglial responses to pro-inflammatory 
stimuli. These results suggest that IFN-I, present in aged 
brain milieu negatively affects brain function, at least in 
part, by altering microglial phenotype; both by induction 
of cognition-impairing proteins, and by suppressing a 
transcription factor, found here to promote microglial ho-
meostatic activities, needed for brain maintenance.

49 
Engulfment of living Th17 cells by microglia 
within the brain without subsequent cell death  

Beatrice Wasser(1) - Dirk Luchtman(1) - Kerstin Robohm(1) 
Esther Witsch(1) - Frauke Zipp(1) - Stefan Bittner(1)

Department Of Neurology, University Medical Center Of The 
Johannes-gutenberg University Mainz, Mainz, Germany(1)

Microglia are central nervous system (CNS)-resident 
myeloid cells that are key sensors for changes in tissue 
homeostasis by continuously surveying their microenvi-
ronment with highly motile processes. The pathophysio-
logical role of microglia in multiple sclerosis (MS) and its 
animal model experimental autoimmune encephalomyeli-
tis (EAE) are complex and have been described as either 
detrimental or beneficial. A high phagocytic capacity of 
microglia in the CNS of EAE diseased mice has, for exam-
ple, been shown to support tissue regeneration and thus to 
support recovery from disease symptoms. However, how 
microglia directly interact with key autoimmune lympho-
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cyte populations, such as Th17 cells, within the CNS has 
been poorly defined as of yet. We previously visualized 
direct interactions of encephalitogenic Th17 lymphocytes 
with neurons and perivascular dendritic cells (DC) dur-
ing EAE using intravital two-photon microscopy (2PM), 
identifying novel pathways of T-cell related migration 
and effector function. Here, we observed that microglia 
vividly interacted with pathogenic Th17 cells at the peak 
of EAE disease. Using in-vivo and ex-vivo experimental 
approaches, we revealed multiple dynamic modes of in-
teraction between microglia and Th17 cells, including a 
process reminiscent of ‘emperipolesis’ or ´entosis´. While 
the biological significance of these phenomena in non-
tumor cells is mostly unclear, emperipolesis has been sug-
gested as a protective pathway limiting effector functions 
of dysregulated autoimmune responses. Interestingly, 
some Th17 cells escaped full engulfment, indicating that 
microglia were partially successful in ‘attempting’ to re-
move viable T cells. Our discovery demonstrates a novel 
capacity of in-vivo microglia in neuroinflammation. 

55 
Plasticity of mononuclear phagocytes in an 
animal model of Multiple Sclerosis  

Giuseppe Locatelli(1) - Delphine Theodorou(1) - Athanasios 
Dagkalis(1) - Marta Jordao(2) - Nora Hagemeyer(2) - Marco 
Prinz(2) - Thomas Misgeld(3) - Martin Kerschensteiner(1)

Lmu University Munich, Institute For Clinical 
Neruoimmunology, Munich, Germany(1) - Universitätsklinikum 
Freiburg, Centrum Für Chronische Immundefizienz (cci), 
Freiburg, Germany(2) - Technical University Munich, Institute 
Of Neuronal Cell Biology, Munich, Germany(3)

Multiple Sclerosis (MS) is a common demyelinating dis-
order of the central nervous system (CNS) that is char-
acterized by the formation and subsequent resolution of 
inflammatory lesions in the brain and spinal cord. Mono-
nuclear phagocytes such as tissue resident microglia and 
blood derived macrophages are the main cellular compo-
nents of the inflammatory infiltrate in the MS lesion. Over 
the recent years it has become increasingly clear that these 
cells show a remarkable cellular plasticity and can exist in 
distinct pro- and anti-inflammatory phenotypes. Here we 
use in vivo microscopy of reporter mouse lines, in which 
pro- and anti-inflammatory phagocyte phenotypes result 
in the expression of distinct fluorescent proteins to fol-
low phagocyte phenotypes over time in an animal model 
of multiple sclerosis. Our results show that the evolution 
of phagocyte phenotypes parallels lesion fate. During the 

formation of the lesion phagocytes predominantly show a 
pro-inflammatory phenotype while during lesion resolu-
tion an anti-inflammatory phenotype dominates. Timelapse 
in vivo microscopy of single phagocytes reveals that this 
change of the phagocyte population is at least partly medi-
ated by the shift of individual phagocytes from a pro- to 
and anti-inflammatory phenotypes. In ongoing studies we 
currently characterize the molecular make-up of distinct 
phagocyte phenotypes at different stages of the disease 
course and examine how phagocyte phenotypes and their 
dynamics evolve in different CNS compartments. Togeth-
er we believe that our findings provide a novel, dynamic 
view of phagocyte function in neuroinflammatory lesions.

63 
Beware the intruder: neutrophil-microglia 
interactions after stroke in real time

Monika Riek-Burchardt(1) - Sophie Henneberg(2) - Andreas 
J. Müller(1) - Klaus G. Reymann(3) - Burkhart Schraven(1)  
Matthias Gunzer(2) - Jens Neumann(4)

Otto-von-Guericke University, Faculty Of Medicine, Institute Of 
Molecular And Clinical Immunology, Magdeburg, Germany(1) 
University Duisburg-essen, Institute Of Experimental 
Immunology And Imaging, Essen, Germany(2) - German Centre 
For Neurodegenerative Diseases (DZNE),  
Demenz-pathophysiologie, Magdeburg, Germany(3)  
Otto-von-Guericke University, Faculty Of Medicine, 
Department Of Neurology, Magdeburg, Germany(4)

The infiltration of blood borne immune cells into the brain 
after stroke as well as their interaction with brain cells 
comes more and more into the focus of the preclinical re-
search. The role of neutrophils as early drivers of the im-
mune reaction is under controversial debate and their fate 
inside the brain parenchyma in vivo is poorly understood. 
Using a new mouse model, the so-called CATCHUPIVM-
mice (tdTomato expression under the neutrophil specific 
Ly6G promotor) in combination with CX3CR-1-EGFP-
mice (eGFP expression in microglia) we are able to vi-
sualize microglia and neutrophils in the same animal. In 
these mice, we demonstrated for the first time in vivo the 
infiltration of neutrophils into the brain after stroke. Af-
ter neutrophil infiltration, we also observed long-lasting 
contacts between neutrophils and microglia as well as 
neutrophil ingestion by microglia. These findings support 
the presumption of neutrophil infiltration into the brain 
parenchyma after ischemia as a neuropathogenic mecha-
nism, and suggest a role for microglia in clearing the brain 
parenchyma from infiltrated neutrophils. 
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72 
Functional characterization of microglia: a 
unique view on primary human microglia in 
normal appearing multiple sclerosis tissue 

Marlijn van der Poel(1) - Suzanne SM Miedema(1) - Mark 
R Mizee(1) - Jörg Hamann(2) - Inge Huitinga(1) 
Netherlands Institute For Neuroscience, Neuroimmunology, 
Amsterdam, Netherlands(1) - Academical Medical Center, 
Experimental Immunology, Amsterdam, Netherlands(2)

Microglial cells are the resident macrophages of the cen-
tral nervous system (CNS) and play an important role in 
both tissue homeostasis in the healthy brain and regula-
tion of the innate immune response during brain injury 
or inflammation. We previously showed that microglia 
isolated from normal appearing white matter (NAWM) of 
multiple sclerosis (MS) brains are in an alerted but im-
mune-suppressed state in that they show altered responses 
to dexamethasone and differences in Fc-gamma receptor 
expression, but lack responsiveness to lipopolysaccha-
ride. We hypothesize that microglia in NAWM contribute 
to MS lesion formation and that alerted microglia need 
a second hit to become fully activated to start the demy-
elination process in MS lesions. We propose that alerted 
immune-suppressed microglia are more sensitive and will 
adapt a highly activated phenotype after a second immune 
challenge, thereby contributing to MS lesion formation. 
In the framework of the Netherlands Brain Bank (www.
brainbank.nl), we isolated primary microglia from 11 MS 
brain donors and 11 control donors that came to autopsy 
and studied gene expression by RNA sequencing. First 
results show clear differences between white and grey 
matter microglia as well as between microglia isolated 
from control and MS NAWM and normal appearing grey 
matter (NAGM). Extensive flow cytometric analysis and 
quantitative-polymerase chain reaction experiments of 
NAWM and NAGM microglia of current and future brain 
autopsies will validate the expression of important innate 
immune response markers at protein and transcriptional 
level. The eventual goal of this study is to identify thera-
peutic tools to reverse the alerted state of microglia in MS 
to prevent development of new lesions. 

106 
Microglia as pH sensors of the brain: sensing 
tissue acidosis during hypoxia. 

Louis-Philippe Bernier - Lasse Dissing-Olesen  
Jasmin Hefendehl - Jeffrey Ledue - Brian MacVicar

University Of British Columbia, Djavad Mowafaghian Centre 
For Brain Health, Vancouver, Canada

Microglia are highly motile cells that play a pivotal role 
in monitoring brain homeostasis by constantly probing the 
environment and responding to extracellular cues. They 
are involved in stroke-related pathologies by undergoing 
complex long-lasting transcriptional and functional 
changes. However the acute response of microglia to 
the metabolic stress of ischemia remains unclear. Here, 
we used two-photon imaging in vivo and in acute brain 
slices to monitor the initial effect of hypoxia on the 
morphological phenotype and dynamic properties of 
microglia. The highly ramified morphology of resting 
microglia is rapidly transformed during oxygen depletion 
with extension of fine actin-dependent filopodia followed 
by retraction of microtubule-dependent ramifications. 
This rapidly reversible switch in morphology drives 
significant changes in microglial sensing, affecting 
the capacity of microglial cells to respond to tissue 
damage. During short hypoxic insults, we show that 
this initial phenotypic switch is induced by microglia 
sensing the accompanying acidic shift in the extracellular 
environment. Concurrent observations indicate that rapid 
extension and retraction of actin filament-rich filopodia 
at the tip of major ramifications is an integral part of the 
microglial sensing behavior. This finely tuned random-
searching dynamic process depends on compartmentalized 
cAMP signals, and overproduction of intracellular cAMP 
triggers dysregulated filopodia extension and retraction of 
ramifications, thereby leading to a phenotype similar to 
that observed during hypoxia. Characterizing the highly 
specialized sensing structures of microglia and defining 
the molecular cues responsible for the functional switch 
of microglial behaviour observed upon oxygen depletion 
will likely provide promising targets for stroke treatment.

107 
Role of exosomes in microglia communication 
and inflammation 

Joe C Udeochu - Saul Villeda
University Of California, San Francisco, Anatomy,  
San Francisco, United States

Microglia, the principal macrophages of the brain, have 
a critical role in maintaining homeostasis in the central 
nervous system. Phenotypic diversity is observed in mi-
croglia, dictated in large part by their ability to respond to 
various types of signaling cues including cytokines, puri-
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nergic signals, neurotransmitters and trophic factors. Bulk 
transfer of bioactive protein, RNA and lipid cargo through 
extracellular vesicles known as exosomes has been impli-
cated in functional changes in both neuroglia and periph-
eral immune cells. However, very little is known about 
the signaling potential of exosomes in microglia. We hy-
pothesized that bulk transfer of protein and RNA message 
via exosomes regulates microglia inflammatory response. 
We used a combination of in vitro and in vivo approaches 
to characterize microglia-derived exosomes and microg-
lia responses to exosome stimulation. Microglia exosome 
content was characterized using mass spectrometry and 
microRNA sequencing. Using live cell imaging we ob-
served that exosome stimulation promoted surveillance 
behavior in microglia resulting in increased process ex-
tension. To test the functional impact of exosome-medi-
ated communication we analyzed microglia phagocytosis 
using an in vitro latex bead phagocytosis assay. We ob-
served that exosome stimulation significantly enhanced 
microglia bead uptake, while pharmacological exosome 
depletion decreased microglia phagocytosis. Quantitative 
PCR analysis demonstrated that exosome stimulation in-
creased gene expression of inflammatory mediators such 
as interleukin 1 beta, tumor necrosis factor alpha, and in-
terleukin 10 in microglia. Additionally, Western blot anal-
ysis also revealed elevated levels of phospho p65, a key 
activator of the nuclear factor kappa-light-chain enhancer 
of activated B cells, in microglia following exosome stim-
ulation. Ongoing experiments are focused on identifying 
upstream mediators driving transcriptional changes, and 
on elucidating mechanisms underlying observed phago-
cytic enhancement by exosome-stimulation. Together, our 
data position exosome-mediated bulk transfer of protein 
and RNA as a critical form of microglia communication, 
regulating microglia membrane dynamics, phagocytosis 
and inflammatory cytokine production. 

111 
Deficiency of A20 in microglia leads to 
spontaneous neuroinflammation

Alma Mohebiany(1) - Bettina Steege(2) - Lisa Hebich(2)  
Tana Omokoko(2) - Ari Waisman(1)

Instute For Molecular Medicine, University Medical Center 
Of The Johannes Gutenberg University Of Mainz, Mainz, 
Germany(1) - Biontech, Cell & Gene Therapy Gmbh, Mainz, 
Germany(2)

Tumor necrosis factor alpha induced protein 3 (TN-
FAIP3), also known as A20, is a key negative regulator of 

the canonical NF-kappaB pathway. A20 is an ubiquitin-
modifying protein that acts at various levels of the signal-
ing cascade downstream of receptor stimulation, thereby 
regulating the pro-inflammatory response. As such, its ab-
sence leads to the development of spontaneous inflamma-
tion; indeed, a number of SNPs in the A20 gene have been 
associated with various autoimmune diseases including 
inflammatory bowel disease, rheumatoid arthritis, and 
multiple sclerosis (MS). Moreover, risk SNPs for MS in 
the A20 gene correlates with a more severe disease, and 
A20 expression is reduced in MS patients as compared 
to healthy individuals. Cell-specific deletion of A20 in 
mice can also lead to the development of spontaneous dis-
ease. For instance, mice lacking A20 in their astrocytes 
have stronger disease in a model of multiple sclerosis, 
experimental autoimmune encephalomyelitis (EAE). We 
chose to examine the role of microglial A20 expression 
in the context of neuroinflammation by crossing A20fl/
fl to CX3 CR1-CreERT2  mice. The resulting A20fl/fl 
CX3 CR1-CreERT2 mice were injected with tamoxifen 
at two weeks of age leading to A20 deletion in microglia 
and many other macrophages. As peripheral macrophages 
have a limited life span, only microglia remained A20 de-
ficient at adulthood. We found that without A20, microglia 
spontaneously upregulate a number of NF-kappaB target 
genes and have an activated morphology accompanied 
by an increase in GFAP positive astrocytes in the cortex 
and brainstem. Surprisingly, we found that significantly 
more T cells infiltrate the brain and spinal cords of naïve 
A20 mice relative to controls, after A20 deletion in steady 
state; furthermore, the majority of infiltrating T cells 
are CD8+ and TCR sequencing demonstrates a degree 
of clonal expansion. Lastly, upon EAE induction, A20-
deficient mice develop symptoms sooner than controls, 
and have stronger disease. Overall, the deletion of A20 in 
microglia leads to a spontaneous activation, which may 
enhance the susceptibility of these animals to developing 
neuroinflammation under specific condtions.

115 
Collectin sub-family member 12 expression is 
increased in active MS lesions and mediates 
myelin uptake by phagocytes 

Jeroen Bogie(1) - Jo Mailleux(1) - Elien Wouters(1) - Winde 
Jorissen(1) - Jasmine Vanmol(1) - Kristiaan Wouters(2) 
Niels Hellings(1) - Jack Van Horssen(3) - Tim Vanmierlo(1)  
Jerome Hendriks(1)

Biomedical Research Institute, Hasselt University, Diepenbeek, 
Belgium(1) - Cardiovascular Research Institute Maastricht 
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(carim),, Maastricht University Medical  Centre (mumc), 
Maastricht, Netherlands(2) - Department Of Molecular Cell 
Biology And Immunology, Vu University Medical Center, 
Amsterdam, Netherlands(3)

Multiple sclerosis (MS) is characterized as a chronic, 
inflammatory, neurodegenerative disease of the central 
nervous system (CNS). Macrophage- and microglia-me-
diated myelin destruction is considered to be the primary 
effector mechanism in MS. Previous studies defined that 
complement-receptor 3, scavenger receptors (SRA) I/II, 
and Fcγ receptors, facilitate the clearance of myelin by 
macrophages and microglia. However, considering the 
complexity of myelin, it is unlikely that solely these re-
ceptors are involved in the uptake of myelin in MS le-
sions. By using genome wide gene expression analysis, 
we previously found that collectin sub-family member 
12 (COLEC12), also called collectin placenta 1, was one 
of the most potently induced genes in macrophages af-
ter uptake of myelin. COLEC12 is structurally related 
to scavenger receptor class A (SRA) due to its collagen-
like domain. However, COLEC12 also contains a C-type 
lectin/carbohydrate recognition domain (C-type CRD), 
typically found on C-type lectin receptors. In this study, 
we sought to determine whether myelin internalization 
increases the surface expression of COLEC12 on both pe-
ripheral and CNS-resident phagocytes, if it is involved in 
internalization of myelin, and at what level and cell type 
it is expressed in MS lesions. We show that myelin up-
take increases the cell surface expression of COLEC12 
on mouse and human peripheral phagocytes in vitro. In-
terestingly, this increase was not found on primary mouse 
microglia. In active MS lesions, an increased COLEC12 
immunoreactivity was observed on parenchymal and peri-
vascular phagocytes. Finally, we show that COLEC12 fa-
cilitates myelin clearance. Collectively, our data indicate 
that COLEC12 likely plays a key role in MS lesion pro-
gression by mediating myelin uptake. 

120 
Morphological and functional aspects of 
microglial turnover by circulating monocytes in a 
mouse model of constitutive microglial ablation 

Anna Nemirovsky - Strominger Itai - Niva Blum  Omer 
Berner - Kritika Mittal - Rona Baron  
Nitzan Levy - Monsonego Alon
Ben Gurion University Of The Negev, Shraga Segal Department 
Of Microbiology, Immunology, And Genetics, Beer Sheva, Israel

Neuroinflammation and leukocyte recruitment into the 
central nervous system (CNS) characterize many neuro-
logical conditions. Monocyte infiltration into the CNS 
is of particular interest due their therapeutic potential in 
replacing dysfunctional and/or dystrophic microglia in 
certain CNS pathologies. Here, using CX3CR1Cre/DTA 
and bone marrow chimera mouse models, we examine the 
recruitment process, morphology and functional aspects 
of infiltrating monocytes. 
We show that under conditions of continuous mi-
croglial ablation, peripheral monocytes labeled as 
CD11b+CX3CR1neg/lowLy-6C+ cells, at least par-
tially replace the microglial population labeled as 
CD11b+CX3CR1+Ly-6Cneg cells in the brain and ex-
hibit distribution and morphology similar to adult mi-
croglia. We further show that consistent microglial turn-
over causes neuroinflammation and a marked increase in 
inflammatory cytokine expression in the brain. Notably 
however, except for reduced weight gain, the mice age 
normally with no robust behavioral deficits. 
Overall, this study thus highlights the role of microglia in 
maintaining immune quiescence within the CNS as well 
as reveals mechanisms of monocyte infiltration along 
with their morphological and functional properties in the 
healthy and diseased brain.

133 
Neuroprotective role of early activated microglia 
during preclinical autoimmune optic neuritis 

Richard Fairless - Sarah Williams - Ricarda Diem
University Of Heidelberg, Department Of Neurology, 
Heidelberg, Germany

A common early event of neuroinflammatory disease is 
the activation of microglia, as is seen in both preactive 
multiple sclerosis lesions, and also during the onset of 
its animal model, experimental autoimmune encephalo-
myelitis (EAE). However, the function of these activated 
microglia is at present unclear. In a model of autoimmune 
optic neuritis, one of the manifestations of myelin oligo-
dendrocyte glycoprotein-induced EAE in Brown Norway 
rats, we have shown that retinal ganglion cell (RGC) 
degeneration begins early during the preclinical phase 
along with activation of resident microglia within both 
the retina and optic nerves. In order to characterise the 
phenotype and activity of these microglia, we employed 
immunohistochemistry for markers of classical or alterna-
tive activation. Early activated microglia were negative 
for pro-inflammatory markers indicative of classical acti-
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vation, but showed some expression of anti-inflammatory 
proteins. To clarify if these microglia were contributing to 
or protecting against the on-going neurodegeneration, we 
depleted microglia through intravitreal application of clo-
dronate. Surprisingly, this resulted in increased levels of 
neurodegeneration. In contrast, intravitreal application of 
interleukin-4, to alternatively activate resident microglia 
to adopt an anti-inflammatory phenotype, resulted in an 
enhancement of interleukin 10 and mannose receptor ex-
pression, with increased survival of RGCs. Collectively, 
this suggests that early activated microglia help reduce 
early neurodegeneration during the preclinical phase of 
autoimmune optic neuritis through their potentially anti-
inflammatory activity.

137 
Immunologic factors that impair remyelination 
in the aging central nervous system. 

Khalil S. Rawji - David Tang - Janson Kappen - Michael 
B. Keough - V. Wee Yong
University Of Calgary, Department Of Clinical Neurosciences 
And Hotchkiss Brain Institute, Calgary, Canada

Studies using animal models of remyelination demon-
strate diminished repair with aging, posing a significant 
challenge to therapy in white matter diseases.  This de-
creased remyelination is thought to be due to impairment 
in oligodendrocyte differentiation, and is associated with 
a delayed inflammatory response.  Macrophages/microg-
lia are components of this inflammatory response and 
are essential to successful remyelination, as these innate 
immune cells release growth factors and clear inhibitory 
molecules such as myelin debris. In this study, we have 
used a focal lysolecithin demyelination model in young 
adult (~2 months) and aging (~9-12 months) mice to deter-
mine factors that may impair the remyelination observed 
with aging. We have confirmed that remyelination is de-
creased with aging and have observed an associated delay 
in macrophage/microglia recruitment. Impaired clearance 
of inhibitory myelin debris and chondroitin sulphate pro-
teoglycans is also evident, suggesting an impaired phago-
cytic response.  Using ex-vivo live imaging of CX3CR1-
GFP/Thy1-YFP mice with multi-photon microscopy, we 
have characterized the dynamic activity of aging macro-
phages/microglia in the young and aging lesions in real 
time. Using this technique, we have observed a decrease in 
the number of macrophages/microglia at the lesion site in 
aging compared to young mice, and aging macrophages/
microglia display slower motility. In addition, there are 

significantly less phagocytic macrophages/microglia in 
the aging lesion.  Pharmacologically activating aging mac-
rophages/microglia to migrate to the lesion and clear in-
hibitory molecules may promote a more conducive extra-
cellular environment for remyelination in the aging CNS.

143 
MerTK as a Functional Regulator of Anti-
inflammatory Myelin Phagocytosis by Human 
Myeloid Cells 

Luke Healy(1) - Gabrielle Perron(1) - So-yoon Won(1) - 
Craig Moore(2) - Amit Bar-or(1) - Jack Antel(1)

Montreal Neurological Institute, Mcgill University, Montreal, 
Canada(1) - Division Of Biomedical Sciences, Memorial 
University, St. Johns, Canada(2)

Myelin-laden myeloid cells are a histological hallmark of 
active Multiple Sclerosis (MS) lesions and are comprised 
of brain-resident microglia and infiltrating monocyte-
derived-macrophages (MDMs). While both cell types 
phagocytose myelin the implications for disease pathogen-
esis are not fully elucidated. The functional properties of 
myeloid cells have been linked to their state of activation. 
MerTK is a member of the TAM (Tyro3, Axl, MerTK) 
receptor family and is shown to regulate activation and 
phagocytosis of apoptotic cells and inhibit pro-inflamma-
tory responses of innate immune cells. Microglia isolated 
from adult brain tissue and MDMs purified from periph-
eral blood were activated in vitro using established pro-
inflammatory and anti-inflammatory cytokine protocols 
and exposure to TGFbeta. Phagocytosis of fluorescently 
labeled myelin was assessed by flow cytometry. Tran-
scriptomal profiling (Affymetrix) was performed to ex-
amine expression of molecules involved in phagocytosis. 
Pharmacological antagonists were used to study the con-
tribution of the tyrosine kinase receptor, MerTK to myelin 
phagocytosis and cytokine production. Myelin phagocy-
tosis by microglia was increased in cells exposed to TGF-
beta and decreased in cells exposed to pro-inflammatory 
cytokines. MerTK expression was enhanced in TGFbeta-
treated cells and decreased under pro-inflammatory condi-
tions. A similar pattern was observed in MDMs, although 
overall phagocytic activity and MerTK expression were 
lower compared to microglia. Pharmacological inhibition 
of MerTK reduced phagocytosis of myelin coupled with 
increased expression of pro-inflammatory cytokines by 
both myeloid cell types. MerTK regulates myelin phago-
cytosis by human myeloid cells, with its expression linked 
to the activation state of the cell. Enhancing MerTK ex-
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pression/signaling may establish an efficiently phagocytic 
and anti-inflammatory myeloid cell phenotype that could 
reduce tissue injury and favour endogenous repair.

150 
Erythropoietin dampens injury-induced 
microglial activity 

Hana Janova(1) - Miso Mitkovski(2) - Liane Dahm(1) - Hong 
Pan(1) - Vivien Charlott Schwingel(1) - Klaus-armin Nave(3) 
Hannelore Ehrenreich(1)

Max Planck Institute Of Experimental Medicine, Clinical 
Neuroscience, Goettingen, Germany(1) - Max Planck Institute Of 
Experimental Medicine, Light Microscopy Facility, Goettingen, 
Germany(2) - Max Planck Institute Of Experimental Medicine, 
Department Of Neurogenetics, Goettingen, Germany(3)

Traumatic brain injury causes progressive brain atrophy 
and cognitive decline. An early treatment with recom-
binant human erythropoietin (EPO), a hematopoietic 
growth factor with a wide range of neuroprotective prop-
erties, prevents both brain atrophy and cognitive deficits 
observed in lesioned mice. Microglia, the resident macro-
phages of the brain parenchyma, swiftly respond to injury 
released factors, such as ATP, creating a milieu that can 
under certain conditions drive pathologies. Here we show 
by advanced imaging and innovative analytical tools that 
recombinant human EPO, a clinically established and 
neuroprotective growth factor, dampens microglial ac-
tivity, as visualized also in vivo by a strongly attenuated 
injury-induced cellular motility. 

156 
Multi-dimensional characterization of the brain’s 
immune populations and their modification 
under peripheral infection 

Ben Korin - Nathaniel Green - Tamar Ben Shaanan - 
Tania Dubovik - Asya Rolls
Technion, Israel Institute Of Technology, Department Of 
Immunology, Rappaport Medical School, Haifa, Israel

The immune system is implicated in the pathogenesis 
of various central nervous system (CNS) disorders and 
CNS homeostasis. However, it becomes increasingly ap-
parent that immune cells, both infiltrating bone marrow-
derived cells and resident microglia, play a role in the 
functioning of the healthy brain. Nevertheless, we do not 
understand the breadth of distinct immune cell types in 

the brain, let alone the contribution of these cells to the 
function of the healthy brain and its deterioration in dis-
eased states. Research in this field has been focused on 
resident microglia and infiltrating monocytes and macro-
phages, but we have limited understanding of how other 
immune populations affect brain activity or whether they 
are present in the normal brain. So far, characterization 
of brain-resident immune populations has been limited by 
the low dimensionality of classic flow cytometry and im-
munohistochemistry. Thus, we adapted mass cytometry, a 
high-dimensional approach to cell subset and functional 
analysis, to the brain in order to characterize the breadth 
of distinct immune cell subtypes and their characteristics 
in various conditions. We were able to characterize two 
subsets of resident microglia and several subsets of infil-
trating monocytes and macrophages, granulocytes, den-
dritic cells (DCs), B-, T- and natural killer- (NK) cells. We 
also depicted cytokine receptor expression across these 
cell populations, providing insight into the effects of cy-
tokines on brain activity. Finally, we measured changes 
in immune cells following peripheral bacterial infection 
and found that brain-resident immune cells respond dif-
ferently than blood-resident immune cells. This work pro-
vides a new perspective and a valuable tool to understand 
the diversity of immune populations in the brain and their 
role in health and disease. 

173 
Neuroprotective role of microglia in postnatal 
brain 

Yuki Fujita - Toshihide Yamashita
Graduate School Of Medicine, Osaka University, Department 
Of Molecular Neuroscience, Osaka, Japan

Microglia are the resident macrophages in the central 
nervous system (CNS). It is known that microglia are in-
volved in the surveillance of the CNS under the physi-
ological conditions, and are required for the construction 
of neural circuitry during development. We previously 
reported the neuroprotective behavior of microglia in the 
developing brain. We found that microglia accumulated 
along subcerebral projecting axon, and their levels peaked 
at postnatal day 3 to 7. Inactivation or ablation of microg-
lia increased apoptosis in layer V subcerebral and callosal 
projection neurons. Further, CX3CR1 is required for the 
survival effect of microglia. We tested candidate factors 
derived from microglia, and identified that microglia-
derived insulin-like growth factor 1 (IGF1) supports the 
neuronal survival. Thus, we demonstrated the mechanism 
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of a trophic role of microglia in the developing brain. 
However the molecular mechanism of neuron-microglia 
interaction during a specific period remains unclear. Al-
though it is well established that Fractalkine (CX3CL1)-
CX3CR1 signaling is involved in neuron-microglia asso-
ciation, the number of microglia did not decrease in the 
brain of Cx3cr1-deficient mice. This suggests that Fractal-
kine-CX3CR1 signaling is not required for the accumula-
tion of microglia to the postnatal axon. In this study, we 
examined whether microglia distribute along subcerebral 
projecting axons depending or not on the axon-derived 
factor, and what factor attracts microglia to the axon.

176 
Microglia development follows a stepwise 
program to regulate brain homeostasis 

Orit Matcovitch-natan(1) - Deborah Winter(2)  
Shalev Itzkovitz(3) - Eran Elinav(2) - Michael H. Sieweke(4)  
Michal Schwartz(5) - Ido Amit(2)

Weizmann Institute, Department Of Neurobiology And 
Department Of Immunology, Rehovot, Israel(1) - Weizmann 
Institute, Department Of Immunolgy, Rehovot, Israel(2) - 
Weizmann Institute, Department Of Cell Biology, Rehovot, 
Israel(3) - Université Aix-marseille, Um2, Campus De Luminy, 
Centre D’immunologie De Marseille-luminy, Marseille, 
France(4) - Weizmann Institute, Department Of Neurobiology, 
Rehovot, Israel(5)

Microglia, the brain resident macrophages, play important 
roles in life-long brain maintenance and in pathological 
conditions. In addition, these cells are crucial players dur-
ing central nervous system development. Yet, the mecha-
nisms that regulate the dynamics during this maturation 
process has not been fully elucidated. Using genome-wide 
single-cell transcriptomic analysis and chromatin profil-
ing revealed that microglia undergo three temporal devel-
opmental stages in synchrony with the brain: early, pre-, 
and adult microglia, which are under the control of dis-
tinct regulatory circuits. 
Environmental perturbations, such as disrupted microbi-
ome or prenatal immune activation, led to dysregulation 
of the developmental program, particularly in terms of 
inflammation. Knockout of MafB, a transcription factor 
which is predominantly expressed in the adult microglia, 
resulted in disturbance of homeostasis and increased ex-
pression of inflammatory genes. Together, our work iden-
tifies a stepwise developmental program of microglia, 
requiring tight regulation of immune pathways. Genetic 
or environmental perturbations of these pathways can dis-

rupt stage-specific function of microglia and lead to loss 
of brain homeostasis, which may be associated with neu-
rodevelopmental disorders.

179 
Maternal immune activation alters microglia 
proliferation rate in the developing brain 

Hila Ben-Yehuda(1) - Orit Matcovitch-Natan (1,2) - Amit 
Spinrad (1,2) - Ido Amit(2) - Michal Schwartz(1)

Weizmann Institute Of Science, Neurobiology, Rehovot, Israel(1) 
Weizmann Institute Of Science, Immunology, Rehovot, Israel(2)

Neurodevelopmental diseases are often associated with 
viral infection during pregnancy. In mice, Maternal 
Immune Activation (MIA) results in cognitive and social 
abnormalities of the offspring at adulthood, however, it is 
not known through which cells in the brain these effects are 
initiated during development. Here we hypothesized that 
prenatal immune challenge might impact the developing 
microglia, thus disturbing the normal brain development. 
To test this hypothesis, we treated pregnant dams with 
the viral mimetic poly(I:C), as the prenatal inflammatory 
stimuli, 14.5 days following gestation, and compered 
the microglia isolated from their offspring, to microglia 
isolated from offspring of PBS treated controls. Using 
high-throughput mRNA sequencing and gene ontology 
analysis, we found a reduction in expression of genes 
related to proliferation and cell cycle in the microglia 
derived from newborn offspring of poly(I:C) injected 
dams, compared to controls. Flow cytometry analysis 
indeed showed a decreased percentage of microglia 
expressing the proliferation marker Ki67 in the offspring 
of poly(I:C) treated mice. Our results suggest that immune 
activation during pregnancy leads to decrease in microglia 
proliferation during brain development, which may have 
implications to neurodevelopmental diseases. 

184 
TREM2-APOE signaling induces dysfunctional 
microglia in neurodegeneration 

Charlotte Madore(1) - Susanne Krasemann(1, 2) - Elaine 
O’Loughlin(1) - Ron Cialic(1) - Zain Fanek(1) - Rachid El 
Fatimy(1) - Fargol Mazaheri(3) - Markus Glatzel(2) - Joerg 
Heeren(4) - Cynthia Lemere(1) - Charles R Vanderburg(5, 6)

Frank L. Heppner(7, 8) - Bogdan Budnik(9) -  Hans 
Lassmann(10) - Howard L. Weiner(1, 11) - Jordi Ochando(12) 
Christian Haass(3, 13, 14) - Oleg Butovsky(1, 11)
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Ann Romney Center For Neurologic Diseases, Brigham 
And Women’s Hospital, Harvard Medical School, Boston, 
United States(1) - Institute of Neuropathology, University 
Medical Center Hamburg-Eppendorf, Hamburg, Germany(2) 
German Center for Neurodegenerative Diseases(DZNE), 
Munich, Germany(3) - Department of Biochemistry and 
Molecular Cell Biology, University Medical Center Hamburg-
Eppendorf, Hamburg, Germany(4) - Department of Neurology, 
Massachusetts General Hospital, Boston, MA, USA(5) - Harvard 
NeuroDiscovery Center, Harvard Medical School, Boston, MA, 
USA(6) - Department of Neuropathology, 
Charité-Universitätsmedizin Berlin, 10117 Berlin, Germany(7) 
Cluster of Excellence, NeuroCure, Charitéplatz 1, 10117 Berlin, 
Germany(8) - MSPRL, Center for Systems Biology, Harvard 
University, Cambridge, MA, USA(9) - Center for Brain Research, 
Medical University of Vienna, Vienna, Austria(10) - Evergrande 
Center for Immunologic Diseases, Brigham and Women’s 
Hospital, Harvard Medical School, Boston, MA, USA(11) 
Department of Medicine, Icahn School of Medicine at Mount 
Sinai, New York, NY 10129, USA(12) - BioMedical Center(BMC), 
Biochemistry, Ludwig-Maximilians-University Munich, Munich, 
Germany(13) - Munich Cluster for Systems Neurology(SyNergy), 
Munich, Germany(14)

Microglia lose their TGF beta-dependent-homeostatic 
functions during the course of neurodegenerative process-
es. We identified a microglial APOE-dependent molecu-
lar signature in neurodegenerative conditions in mouse 
models (SOD1, EAE and APP-PS1) and in human Al-
zheimer’s disease (AD). A switch from a homeostatic to a 
neurodegenerative phenotype occurs following phagocy-
tosis of apoptotic neurons in a TREM2-APOE signaling-
dependent manner. The human APOE4 risk allele in AD 
suppresses Mertk, which is a negative-feedback regulator 
of TREM2-APOE signaling. Genetic targeting of Apoe 
and Trem2 restores the TGF beta-dependent homeostatic 
signature. Moreover, homeostatic microglia have tolero-
genic functions that are dependent on APOE pathway. 
Finally, we show that TREM2-APOE signaling regulates 
microglia in neurodegenerative diseases and serves as a 
target to restore homeostatic microglia.  

197 
Reduced microglial activity in the early stages 
of autoimmune CNS inflammation leads 
to enhanced glutamate transmission in the 
basolateral amygdala 

Shaona Acharjee(1) - Megan Verbeek(2) - Kanchan Bisht(3)  
Carlos D. Gomez(1) - Adrienne Benediktsson(2)  

Marie-eve Tremblay(3) - Quentin Pittman(1)

University Of Calgary, Hotchkiss Brain Institute, Calgary, 
Canada(1) - Mount Royal University, Department Of Biology, 
Calgary, Canada(2) - University Of Laval, Department Of 
Molecular Medicine, Quebec City, Canada(3)

Multiple sclerosis (MS) is often associated with co-mor-
bid neuropsychiatric impairments, affecting around 50% 
of MS patients. These behavioural changes can be reca-
pitulated in a mouse model of Multiple Sclerosis, called 
Experimental Autoimmune Encephalomyelitis (EAE), 
where emotional and cognitive deficits are seen even 
prior to the onset of motor deficits (tested between d6-
d9 post induction). To identify the neuronal correlates of 
these behaviour changes, whole-cell recording was car-
ried out in the principal neurons of basolateral amygdala 
(BLA) in control (CFA, PTX) and EAE (CFA,PTX + 
MOG) mice. EAE mice displayed increased frequency of 
mini-excitatory postsynaptic currents (mEPSC) without 
any changes in mEPSC amplitude or evoked EPSC paired 
pulse ratio compared to the controls. This was associated 
with an increase in the AMPA: NMDA ratio and increased 
dendritic spine counts in the principal neurons of the 
BLA, indicative of increased number of excitatory (gluta-
matergic) synapses. Given that microglia play a key role 
in maintaining synapse number in healthy brain through 
synaptic pruning, we analyzed the microglial morphology 
and function. Electron microscopy of amygdalar microg-
lia revealed more ramified morphology and reduced Iba-1 
staining intensity, indicating microglia were less “activat-
ed” compared to the control. Immunolabeling of CD68, a 
phagocytic marker, colocalized exclusively with Iba1 and 
its intensity was reduced in EAE, indicating there was less 
phagocytosis. Intracerebroventricular administration of 
minocycline, which inhibits microgial activation, caused 
a further increase in mEPSC frequency in the EAE amyg-
dala, which was suggestive of increased synapses. Our 
data are suggestive of reduced synaptic pruning and in 
keeping with this, complement factor C3 mRNA, which 
is important for synaptic pruning, was downregulated in 
the amygdala without any change in the amygdalar cyto-
kine levels. These data indicated that microglial function 
is downregulated in the amygdala, resulting in increased 
numbers of excitatory synapses, and ensuing enhanced 
glutamatergic transmission in the BLA.
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199 
ATP-induced IL-1beta secretion is selectively 
impaired in microglia as compared to 
hematopoietic macrophages 

Saskia Burm - Ella Zuiderwijk-sick - Paola Weert 
Jeffrey Bajramovic
Biomedical Primate Research Centre, Alternatives, Rijswijk, 
Netherlands

Under stressful conditions, nucleotides are released from 
dying cells into the extracellular space, where they can 
bind to purinergic P2X and P2Y receptors. High concen-
trations of extracellular adenosine triphosphate (ATP) in 
particular induce P2X7-mediated signaling, which leads 
to inflammasome activation. This in turn leads to the pro-
cessing and secretion of pro-inflammatory cytokines, like 
interleukin (IL)-1beta. During neurodegenerative diseas-
es, innate immune responses are shaped by microglia and 
we have previously identified microglia-specific features 
of inflammasome-mediated responses. Here we compared 
ATP-induced IL-1beta secretion in primary rhesus ma-
caque microglia and bone marrow-derived macrophages 
(BMDM). 
We assessed the full expression profile of P2 receptors and 
characterized the induction and modulation of IL-1beta 
secretion by extracellular nucleotides. Microglia secreted 
significantly lower levels of IL-1beta in response to ATP 
when compared to BMDM. We demonstrate that this is 
not due to differences in sensitivity, kinetics or expres-
sion of ATP-processing enzymes, but rather to differences 
in purinergic receptor expression levels and usage. Using 
a combined approach of purinergic receptor agonists and 
antagonists, we demonstrate that ATP-induced IL-1beta 
secretion in BMDM was fully dependent on P2X7 sig-
naling, whereas in microglia multiple purinergic recep-
tors were involved, including P2X7 and P2X4. These cell 
type-specific features of conserved innate immune re-
sponses may reflect adaptations to the vulnerable central 
nervous system microenvironment.

212 
Macrophage Involvement in IL-9 Mediated 
Neuroprotection in Multiple Sclerosis 

Inbar Saraf-Sinik(1) - Stefania Rossi(2) - Roberta 
Magliozzi(2) - Luca Battistini(1) - Elisabetta Volpe(1)

Santa Lucia Foundation, Neuroimmunology, Rome, Italy(1) - 
University Of Verona, Neurological And Movement Sciences, 
Verona, Italy(2)

The neuroprotective effect of the cytokine interleukin 9 
(IL-9) has been recently demonstrated in the context of 
Multiple Sclerosis (MS). Relapsing-remitting MS (RR-
MS) patients, who express high levels of IL-9 in their 
cerebrospinal fluid (CSF), also demonstrate decreased 
inflammation, neurodegeneration and disability progres-
sion. Consistently, IL-9 gene expression levels, in the 
meninges and chronically active gray matter lesions sec-
tioned from post-mortem brains of secondary progressive 
MS (SP-MS) patients, are significantly higher in patients 
with delayed disease onset, older age at death and whose 
brains lack inflamed follicles. Of note, IL-9 levels in these 
brains were also higher compared to healthy controls, im-
plying its expression is modulated during disease. Togeth-
er, these results suggest the neuroprotective effect of IL-9 
and its relevance in the brain also during progressive MS. 
It is yet unknown, however, which are the sources and 
targets of IL-9 within the central nervous system (CNS), 
what governs its expression and what is the underlying 
mechanism of its neuroprotective effect. Immunohisto-
chemical  staining of post-mortem brain sections of SP-
MS patients identifies at least two distinct types of IL-9 
producing cells: i) round shaped cells, accumulated at the 
meninges and ii) cells of complex morphology, includ-
ing fusiform bodies and processes, in both gray and white 
matter lesions. These results outline both infiltrating im-
mune and CNS resident cells as probable sources of IL-9 
in the brain. Among those, we study here the involvement 
of macrophages in the context of IL-9 mediated protec-
tion. We use blood monocytes to differentiate human mac-
rophages in- vitro and then polarize them towards differ-
ent activation phenotypes along the M1-M2 spectrum, or 
otherwise stimulate with agents relevant to the regulation 
of inflammation and repair in the CNS. We then compare 
the differentiation- and polarization- induced changes in 
the resulting macrophages. Additionally, we study their 
ability to express IL-9 and factors found to be co-modu-
lated with IL-9 in SP-MS brains, and to express the IL-9 
receptor (IL-9R). Since these macrophages can express 
IL-9R, we also examine how IL-9 shapes their function. 
Finally, while it is yet unclear why some patients express 
high levels of IL-9 and others do not, a better understand-
ing of its source and function within the CNS can lead to 
a new avenue for clinical intervention.
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217 
Teriflunomide Impacts Primary Microglia and 
Astrocyte Functions In Vitro 

Andrea Edling - Lisa Woodworth - Rajiv Agrawal Amy 
Mahan - Tracy Garron - Nellwyn Hagan - Bill Siders
Sanofi Genzyme, Neuroimmunology Research, Framingham, 
United States

Teriflunomide is a once-daily oral immunomodulator ap-
proved for the treatment of relapsing-remitting multiple 
sclerosis (RRMS). Teriflunomide selectively and revers-
ibly blocks the mitochondrial enzyme dihydroorotate de-
hydrogenase, thereby limiting the expansion of peripher-
ally activated T and B cells, and limiting the number of 
these cells available to enter the central nervous system 
(CNS) and mediate inflammatory processes in MS. As 
teriflunomide crosses the blood brain barrier it may have 
a direct effect on activated CNS-resident cells, such as mi-
croglia and astrocytes, which also contribute to neuroin-
flammation and neurodegeneration in MS. We examined 
the direct in vitro effects of teriflunomide on microglia, 
and astrocyte function and viability. Primary astrocytes 
and microglia were isolated from rat and mouse neonatal 
brains, respectively. Cells were pre-treated with terifluno-
mide at concentrations ranging from 0.8 micromolar to 
25 micromolar for 16–24 hours prior to stimulation with 
lipopolysaccharide (LPS) or LPS and interferon gamma 
(IFNg). Cytokine production was measured by enzyme-
linked immunosorbent assay, cell viability by Cell Titer 
Glo assay, phagocytosis by Zymosan particle assay, and 
nitrite production by Griess reaction assay. The protec-
tive effect of teriflunomide against hydrogen peroxide-
induced cytotoxicity in astrocytes was measured by as-
sessing cell viability. Teriflunomide treatment followed 
by activation demonstrated no impact on primary rodent 
microglia or astrocyte viability. In activated microglia, 
teriflunomide pre-treatment decreased production of the 
pro-inflammatory mediators interleukin (IL)-6, IFNg-
induced protein-10, monocyte chemoattractant protein-1, 
IL-12p40, and nitrite, and increased production of the 
anti-inflammatory cytokine IL-10, while having no im-
pact on phagocytic activity. Teriflunomide pre-treated and 
activated astrocytes showed a reduction in tumor necro-
sis factor-alpha, nitrite, and IL-1beta production. In ad-
dition, teriflunomide pre-treatment protected activated 
astrocytes from peroxide-induced cytotoxicity. Here, we 
demonstrate that in vitro teriflunomide can directly im-
pact activated microglia and astrocyte functions, by alter-
ing cytokine production. These results suggest that teri-
flunomide may provide neuroprotective effects within the 

CNS, which could contribute to the clinical and radiologi-
cal benefits observed in patients with RRMS treated with 
teriflunomide. Study supported by Sanofi Genzyme. 

222 
IL-34 deficiency does not influence acute ischemic 
stroke outcome 

Hélène Descamps*(1) - Marco Bacigaluppi*(1) - Donatella 
De Feo(1) - Iva Lelios(2) - Elena Brambilla(1) - Burkhard 
Becher(2) - Melanie Greter(2) - Gianvito Martino(1)

San Raffaele Scientific Institute, University Vita-salute San 
Raffaele, Milan, Italy(1) - Institute Of Experimental Immunology, 
University Of Zurich, Zurich, Switzerland(2)

Background: Interleukin-34 (IL-34), an additional ligand 
of the Colony Stimulating Factor 1 Receptor (CSF1-R), 
is predominantly produced by keratinocytes in the epi-
dermis and by neurons in the brain. Mice lacking IL-34 
display reduced microglial cells without overt alterations 
in circulating monocytes, macrophages and lymphocytes.
Aim and methods: The aim of the project was to under-
stand the role of IL-34 in acute experimental ischemic 
stroke. Mice lacking Interleukin-34 (IL-34Lacz/LacZ 
mice) were subjected to 45 minutes of transient proximal 
middle cerebral artery occlusion. Behavior, histological 
analysis and brain inflammatory infiltrate was studied up 
to 7 days after ischemia.
Results: We first confirmed by flow cytometry and histol-
ogy that IL-34 deficient mice have a 40-50% reduction 
of microglial cells in the forebrain in healthy conditions. 
Neurogenesis, gross vessel anatomy and cell blood counts 
are however not altered by IL-34 deficiency.
Outcome after ischemic stroke in terms of disability 
and stroke lesion volume was not different between IL-
34LacZ/LacZ and control animals up to 7 days. Nonethe-
less IL-34LacZ/LacZ mice displayed a tendency of re-
duced mortality after stroke compared to control animals. 
IL-34LacZ/LacZ mice maintained, compared to ischemic 
control animals, a reduced number of microglia cells only 
for the first days after stroke. At 7 days post ischemia (dpi) 
microglia cell number in the ischemic hemisphere were 
similar between groups. Microglia proliferation during 
acute stroke seems not to rely on IL-34 but rather on CSF-
1 that is, together with CSF1-R, strongly increased in the 
ischemic hemisphere after stroke.
Conclusion: We here showed that IL-34 deficiency does 
not impact acute stroke outcome in terms of lesion vol-
ume and disability. Moreover, microglial increase after 
stroke did not depend on IL-34. The mechanism underly-
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ing the advantage in survival observed in IL-34 deficient 
mice after stroke still needs to be clarified.

231 
Deficient antigen presentation by arginase-
expressing dendritic cells in autoimmune 
demyelinating disease 

David Giles - Benjamin Segal
University Of Michigan, Neurology, Ann Arbor, United States

Multiple sclerosis (MS) is a debilitating disorder in which 
inflammatory cells promote demyelination and axonopa-
thy in the central nervous system (CNS).  Though the eti-
ology is unknown, the pathology of MS is believed to be 
initiated by CD4+ T cells which infiltrate the CNS and 
promote further recruitment of immune cells.  Myeloid 
cells, such as macrophages and dendritic cells, may play 
a pathogenic role by re-activating CD4+ T cells within 
the CNS; however, little is known about how myeloid 
cell phenotypes and properties may evolve during differ-
ent stages of MS.  In other systems, both pathogenic and 
immunoregulatory myeloid populations have been char-
acterized, marked by expression of inducible nitric oxide 
synthase (iNOS) and arginase-1 (Arg1), respectively.  Us-
ing an animal model of MS, experimental autoimmune 
encephalomyelitis, we have found that CNS-infiltrating 
myeloid populations shift from an iNOS+ Arg1- pheno-
type at clinical onset to an iNOS-Arg1+ phenotype at peak 
disease, immediately prior to remission.  Gene expression 
analysis reveals a distinct genetic profile for the Arg1+ 
cells, including elevation of the M2 markers mannose re-
ceptor (CD206) and Ym1.  Using a fate-mapping reporter 
system, we have also shown on an individual cell level 
that iNOS-expressing cells acquire Arg1 expression and 
down-regulate iNOS expression.  Arg1+ and Arg1- CNS 
myeloid cells are functionally distinct as Arg1+ CNS my-
eloid cells have a reduced capacity to promote myelin-
specific T cell proliferation.  We have found reduced ex-
pression of the non-classical MHC-II molecule H2-M and 
elevated expression of CLIP-bound MHC-II in the Arg1-
expressing CNS myeloid cells.  Based on these data, we 
hypothesize that the defect in promotion of T cell prolif-
eration by Arg1+ myeloid cells is due to reduced peptide 
loading on MHC-II.  Together, these data suggest CNS 
myeloid cell populations possess distinct phenotypic and 
functional properties at different stages of autoimmune 
demyelinating disease.  

250 
High-resolution characterization of microglia 
differentiation in the developing zebrafish  

Niva Russek- Blum(1) - Moriya Avneri (1, 2)  
Alon Monsonego(2)

The Dead Sea And Arava Science Center, Central Arava 
Branch, Hazeva, Israel(1) - Ben-gurion University, The Shraga 
Segal Dept. Of Microbiology, Immunology And Genetics. The 
Faculty Of Health Sciences, And The National Institute Of 
Biotechnology, Beer-sheva, Israel(2)

The impact of inflammatory responses is rapidly assum-
ing major roles in neurodegenerative pathologies. As part 
of this inflammatory response in the brain, microglia, the 
macrophages of the central nervous system (CNS), under-
go chronic activation promoting both beneficial and toxic 
effects upon the neuronal network. A great effort is thus 
now being established in elucidating the process of cell 
recruitment to the brain and signaling pathways underly-
ing their activation throughout the inflammatory response 
to neurodegenerative pathologies. Recent studies on mi-
croglial origin indicate that these cells arise early during 
development from progenitors in the embryonic yolk sac 
that seed the brain parenchyma and, remarkably, appear to 
persist there into adulthood. However, the signaling path-
ways controlling the microglia developmental processes 
remain mainly known. 
We use the zebrafish (ZF), a leading model organism for 
developmental biology and human disease, as a vertebrate 
genetic model whose immunological features resembles 
ours, to understand the origin, differentiation, and homeo-
stasis of microglia cells which can provide new insights 
into their roles in health and disease.
Using chemical inhibitors, genetic manipulations and 
live-cell imaging of the developing ZF, we characterized 
in high spatial and temporal resolution, early macrophage 
colonization of the brain, their transition to fully differen-
tiated microglia, and genetic pathways underlying these 
processes primarily mediated by TGF beta signaling.

258 
Characterization of the pathogenic role 
of microglia in a mouse model of retinitis 
pigmentosa. 

Panayota Kolypetri(1) - Gennadi Landa(1) - Charlotte 
Madore(1) - Bruce Ksander(2) - Hans Lassmann(3)  
Oleg Butovsky(1) - Howard Weiner(1)

Ann Romney Center For Neurologic Diseases, Brigham And 
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Women’s Hospital, Harvard Medical School, Boston, United 
States(1) - Schepens Eye Research Institute, Massachusetts 
Eye And Ear Infirmary, Harvard Medical School, Boston, 
United States(2) - Center For Brain Research, Department 
Of Neuroimmunology, Medical University Vienna, Vienna, 
Austria(3)

Retinitis pigmentosa is an inherited retinal degenera-
tive disease caused by the progressive death of rod and 
cone photoreceptors. Phagocytosis of rod photorecep-
tors by retinal microglia has recently been shown to be 
detrimental for disease progression. We hypothesize that 
phagocytosis of apoptotic rods activates the Trem2-Apoe 
pathway in microglia leading to their proliferation and ac-
quisition of a cytotoxic phenotype and function. In this 
report, we performed immunohistochemical staining of  
retinas from 14-day old rd1 mice, during the onset of dis-
ease. Our data showed migration of P2ry12+ microglia to 
the outer nuclear layer accompanied by reduction in the 
number of rod and cone photoreceptors. Similar cellular 
changes were not detected in retinas from age-matched 
B6 mice. Flow cytometric analysis in rd1 retinas showed 
increased numbers of FCRLS+CD11b+ cells compared to 
retinas from B6 mice indicating microglia proliferation 
in rd1 mice. Transcriptomic analysis of FCRLS+CD11b+ 
cells from rd1 mice using our Nanostring MG550 chip 
showed loss of the homeostatic microglia signature and 
significant upregulation in the expression of Spp1, com-
ponent of the Trem2-Apoe pathway. A similar microglial 
phenotype was observed after intravitreal injection of UV-
irradiated fluorescein labeled neurons in B6 mice. Also, 
we examined the cytotoxic function of rd1 microglia by 
adoptive transfer of FCRLS+CD11b+ cells  from rd1 
mice to the vitreous of  B6 mice. Immunohistochemical 
analysis showed loss of cone photoreceptors 21 days after 
transfer whereas similar effects were not detected when 
WT microglia were transferred to the vitreous of B6 mice. 
Our preliminary data delineate that microglia acquire 
neurodegenerative/cytotoxic properties during the onset 
of disease in rd1 mice rendering them a potential target 
for therapy.

269 
Acute purification of human adult microglia 
from the post-mortem brain. A systematic 
validation study 

Mark Mizee(1) - Suzanne Miedema(2) - Adelia Adelia(1) - 
Karianne Schuurman(1) - Jorg Hamann(3) - Inge Huitinga(4)

Netherlands Brain Bank For Psychiatry, Netherlands Institute 

For Neuroscience, Amsterdam, Netherlands(1) - Immunology 
Research Group, Netherlands Institute For Neuroscience, 
Amsterdam, Netherlands(2) - Academic Medical Center 
Amsterdam, Academic Medical Center Amsterdam, Amsterdam, 
Netherlands(3) - Netherlands Brain Bank, Netherlands Institute 
For Neuroscience, Amsterdam, Netherlands(4)

Microglia are classically considered as brain-resident 
immune cells that can sense and act on danger signals 
in the central nervous system. In recent years it has be-
come apparent that microglia fulfill roles that go far be-
yond simple danger containment and cleanup. Although 
microglia derive from a myeloid precursor outside the 
developing brain, they play a crucial role in normal CNS 
development by regulating synapse formation, a function 
that is continued throughout adulthood. Considering the 
plethora of microglia functions that are crucial for normal 
brain development and adult CNS function, and their in-
volvement in both neurological and psychiatric disorders, 
purification and characterization of these cells from the 
human post-mortem CNS is a highly important tool to 
increase our understanding of CNS disorders. However, 
various ante and post mortem variables are not control-
lable. Therefore, a systematic analysis of the influence of 
these variables on cell viability and general phenotype is 
warranted. Using a fast isolation protocol based on cap-
ture of CD11b+ cells, we have purified human microglia 
acutely after death without cell adherence steps from over 
100 brain donors with and without neurological and psy-
chiatric diagnoses. We will present data on the influence 
of various ante-mortem and post-mortem parameters on 
microglia yield and CD45/CD11b expression, reflecting 
activation status. Our main finding being that the pH of 
the cerebrospinal fluid is a strong predictor of viable cell 
yield and that the diagnosis of the donor correlates with 
the phenotype of acutely isolated microglia.
We furthermore show that primary human microglia can 
be cultured and maintain basal phagocytic function, but 
drastically change their gene expression profile during 
unstimulated culture. We are currently investigating cul-
turing methods that ensure a microglia phenotype more 
resembling the acutely purified microglia, as well as the 
possibility of cryogenic storage and recovery of these 
cells for biobanking purposes. 
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293 
Exposure to 3-nitropropionic acid mitochondrial 
toxin induces tau pathology in tangle-mouse 
model and in wild type-mice mediated by a 
microglial response  

Inbal Lahiani-Cohen(1) - Nikolaos Grigoriadis(2)  
Lea Rozenstein-Tsalkovich(1) - Athanasios Lourbopoulos(2) 
Olga Touloumi(2) - Oded Abramsky(1)  
Hanna Rosenmann(1)

Hadassah Hebrew University Medical Center, The Department 
Of Neurology, The Agnes Ginges Center For Human 
Neurogenetics, Jerusalem, Israel(1) - Ahepa University Hospital, 
The B’ Department Of Neurology, Thessaloniki, Macedonia, 
Greece(2)

Oxidative stress, particularly of mitochondrial origin, 
plays an important role in the pathogenesis of neurodegen-
erative disorders, including Alzheimer’s disease and other 
tauopathies. It is not clear whether oxidative stress is a 
causal factor in the tauopathy pathophysiological process 
or is it rather a consequence of the cell damage induced 
by the pathogenic tau protein.  Some controversies regard-
ing the responses of tau phosphorylation state to various 
stimuli causing oxidative stress have been reported. Here 
we investigated the effect of 3-nitropropionic acid (3-NP), 
a mitochondrial toxin which induces oxidative stress on 
the tangle-pathology in our previously generated double 
mutant (E257T/P301S, DM) -Tau-tg mice, and detected 
a robust increase in tangle pathology in the cortex, hip-
pocampus and brain stem following a one month exposure 
of 13 month old tg mice to the toxin. This was accompa-
nied with an increase in microglial burden. Not only an 
increase in tangles in the tg mice was evident but also a 
de novo generation of tangles in WT-mice exposed to the 
3-NP toxin, also accompanied with a microglial response.  
Our results provide evidence that the mitochondrial in-
hibition /oxidative stress accelerates and de novo gener-
ates tangle pathology, mediated by a microglial response 
thereby strongly supporting the important role of the mi-
croglial cells in the development of the tangle pathology, 
and pointing to targeting of mitochondrial dysfunction as 
a potential therapeutic approach.  

309 
Dual role of microglia in mediating the central 
response to peripheral inflammation 

Karin Riester - Bianca Brawek - Daria Savitska  
Elizabeta Zirdum - Olga Garaschuk

Institute Of Physiology II, Eberhard Karls University, 
Tuebingen, Germany

The immune system and the central nervous system are 
closely linked with each other. An inflammatory process 
in the periphery elicits a mirror inflammatory reaction in 
the brain, inducing a behavioral response typically re-
ferred to as ‘sickness behavior’ accompanied by signifi-
cant changes in mood, emotion and cognition. Microglial 
cells are the main immune cells of the brain, but their role 
in mediating ‘sickness behavior’ remains unclear. To un-
derstand how microglia react to peripheral inflammation, 
we analyzed in vivo functional properties of these cells in 
4-6 months old C57BL/6 mice injected intraperitoneally 
with the bacterial endotoxin lipopolysaccharide (LPS) and 
compared them to microglia from control mice, injected 
with phosphate buffered saline (PBS). ELISA analyses of 
LPS-injected mice revealed an increase of inflammatory 
cytokines (Tumor necrosis factor alpha, Interleukin-1beta 
(IL-1beta), Interleukin-6, and Monocyte chemoattractant 
protein-1) in serum blood samples 5h after LPS injection 
when compared to PBS-injected mice and a concomitant 
rise of cytokine levels in the brain. Interestingly, the early 
increase in cytokine concentration in the brain was ac-
companied by an elevated incidence of spontaneous intra-
cellular Ca2+-transients in cortical microglia in vivo. The 
fraction of microglial cells showing spontaneous Ca2+-
transients 5h after LPS was significantly higher than in 
PBS-injected mice (79% of active cells vs. 14% of active 
cells, p<0.05, Fisher’s exact test). 30h after LPS injec-
tion, cytokine levels decreased in the serum and the brain, 
paralleled by a decrease in the fraction of spontaneously 
active microglia (43% of active cells). At the same time 
point, microglia showed morphological and functional al-
terations typically associated with a reactive state, such 
as increase in soma volume, cell division, and production 
of IL-1beta. Thus, our in vivo data suggest a dual role 
of microglia during a peripheral inflammation, first acting 
as a sensor, detecting inflammatory mediators in a Ca2+-
dependent manner (5h LPS). Subsequently, at later stages 
(30h LPS), microglia rather act as an effector, directly 
contributing to cytokine production within the brain.

311 
Ly6CHigh inflammatory monocytes mediate 
microglial dysfunction via Apoe and Galectin-3 
signaling in experimental autoimmune 
encephalitis (EAE) 

Elaine O’Loughlin(1) - Pilar Lopez-Cotarelo(2) - Charlotte 
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Madore(1) - Scott Smith(1) - George Tweet(1)  
Oleg Butovsky(1)

Brigham And Women’s Hospital, Harvard Medical School, 
Department Of Neurology, Boston, United States(1) 
Consejo Superior De Investigaciones Científicas,  
Centro De Investigaciones Biológicas, Madrid, Spain(2)

During neuroinflammation in EAE, CD11b+/Ly6CHigh 
cells are recruited to the central nervous system (CNS) 
via a CCR2-dependent process, adding to the inflammato-
ry cascade. Little is known about the interaction between 
recruited CD11b+/Ly6CHigh cells and microglia in the 
CNS. Therefore, we embarked on a series of investiga-
tions to identify how Ly6CHigh monocytes alter the mi-
croglial signature and function during EAE. We found that 
CD11b+/Ly6CHigh monocytes express significantly high-
er levels of Apoe and Lgals3 in comparison to CD11b+/
Ly6CLow monocytes and microglia by gene and protein 
expression. Moreover, both APOE and LGALS3 mol-
ecules are highly expressed in “classical” CD14+/CD16– 
monocytes. In vitro and in vivo data showed recombinant 
Galectin-3 suppressed the homeostatic microglial signa-
ture including Egr1, Gpr34, TGFβ1 and Tmem119 mole-
cules and upregulated expression of genes associated with 
inflammation such as Axl and Spp1, implicating the role 
of Galectin-3 in microglial dysregulation. In vivo injec-
tion of naïve Ly6CHigh cells from Apoe–/– and Lgals3–/– 
mice do not alter the homeostatic signature in comparison 
to wild-type (wt) Ly6CHigh monocytes. In EAE, microg-
lia lose their homeostatic signature during the peak stage 
and increase expression of pro-inflammatory molecules 
including Apoe. Therefore, we injected Ly6CHigh cells 
from EAE induced wt, Lgals3–/– and Apoe–/– mice at 
peak to recipient wt brains and showed that Lgals3–/– 
monocytes suppressed expression of key microglial genes 
including Egr1 and Mertk. Moreover, we found that both 
Egr1 and Mertk are negative-feedback regulators of the 
APOE pathway in diseased microglia. Thus, APOE and 
Galectin-3 may serve as therapeutic targets to suppress 
the detrimental effects of Ly6CHigh monocytes on mi-
croglial dysfunction in EAE.

312 
Microglia transiently clear prions from the brain 
after retroviral infection but do not change 
incubation time 

Susanne Krasemann (1, 2) - Katharina Schroeck(1) 
Charlotte Madore(2) - Christiane Muth(1) - Kristin 
Hartmann(1) - Zain Fanek(2) - Markus Glatzel(1)  

Oleg Butovsky(2)

Institute Of Neuropathology, University Medical Center 
Hamburg-Eppendorf, Hamburg, Germany(1) - Brigham And 
Women’s Hospital, Harvard Medical School, Department Of 
Neurology, Boston, United States(2)

Prion diseases are fatal neurodegenerative diseases, where 
conversion of the endogenous prion protein (PrPC) leads 
to a misfolded isoform (PrPSc) that is accumulating in the 
brain. Microglia are highly activated in prion diseases, 
however their impact on prion pathophysiology is unclear 
with both beneficial PrPSc-clearing and detrimental po-
tentially neurotoxic effects. Moreover, monocytes enter-
ing the brain from the periphery during disease course 
might contribute to pathophysiology.
We investigated Iba1+ microglia activation in mice after 
prion infection with and without an additional intraperi-
toneal retrovirus infection. Peripheral murine retrovirus 
infection leads to activation of parenchymal microglia, 
but no recruitment of monocytes. We used the molecular 
clone 3 of Moloney murine leukemia virus (MoMuLV) 
that does not lead to neuropathological changes after in-
traperitoneal infection in mice. Activated microglia were 
profiled by Nanostring analysis and were shown to pres-
ent upregulated expression of genes involved in protein 
degradation. This correlates with transient clearance of 
infectious prions specifically from the brain at early time 
points in the diseases course. Once microglia activation 
has ceased in the retrovirus infected mice, prion disease 
reemerges leading to undistinguishable disease kinetics 
from the situation in prion-only infected mice. 

314 
M2 microglia polarization: implications in 
neurodegenerative diseases 

Giovanna Pepe - Alessandro Villa - Adriana Maggi  
Elisabetta Vegeto
University Of Milan, Department Of Pharmacological  
And Biomolecular Sciences, Milan, Italy

Microglia are the myeloid cell population that reside in the 
parenchyma of the central nervous system (CNS). Their 
dynamic ability to respond to diverse microenvironmen-
tal and pathological signals allow microglia to undertake 
biochemical and morphological transformations, that lead 
to destroy the damaging insult and trigger tissue repair. 
This process of microglia activation includes the classi-
cally activated M1 state, characterized by a proinflamma-
tory phenotype and the alternatively activated M2 state, 
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known to be associated with an anti-inflammatory activ-
ity. Together with activation, an increased proliferation of 
activated microglia has also been observed in association 
with acute CNS injury and chronic degenerative diseases. 
It is hypothesized that dysregulated proliferation of mi-
croglia plays a detrimental role on neural cells in some 
neurodegenerative disorders such as Alzheimer’s disease 
and amyotrophic lateral sclerosis. Thus, targeting microg-
lia proliferation may offer a new therapeutic strategy to 
selectively modulate disease outcome. On the other hand, 
an increased number of microglia with pro-resolving phe-
notype might have beneficial effects on disease progres-
sion; however, the ability of microglia to undergo alterna-
tive activation and proliferate in response to M2 signals in 
brain is not yet understood. 
The aim of the present study is thus to investigate alter-
native polarization and proliferation in brain following 
intracerebroventricular (icv) injections of a prototypical 
M2 stimulus, i.e. interleukin-4 (IL4). Our data on the 
expression of M2 proteins show that it is localized to a 
small percentage of resident microglia, with a different re-
sponse in terms of intensity and duration in diverse brain 
regions. These results may translate into physiologically 
and pathologically relevant region-specific differences in 
the regenerative potential of microglia against brain in-
sults. Further results on the IL4-induced cell proliferation 
will be presented.

317 
An ATP-independent release of shedding vesicles 
from myeloid cells

Federico Colombo(1) - Annamaria Nigro(2) - Giacomo 
Casella(3) - Roberto Furlan(2)

Università Vita Salute San Raffaele, Institute Of Experimental 
Neurology, Milano, Italy(1) - Ospedale San Raffaele, Institute Of 
Experimental Neurology, Milan, Italy(2) - Università Vita Salute 
San Raffaele, Institute Of Experimental Neurology, Milan, 
Italy(3)

In recent years microvesicles (MVs) have attracted the at-
tention of many researchers not only 
because they seem to act as carriers for transferring active 
biomolecule among different cell types, but also for the 
mystery surrounding the molecular mechanisms involved 
in their generation. MVs can be divided into two different 
classes depending on their dimensions as well as of the 
site of origin: shedding vesicles are 100-1000 nm particles 
budding directly from the plasma membrane, whereas 
exosomes are nanovesicles of 20-100 nm released in the 

extracellular space after the exocytosis of multivesicular 
bodies.
So far the only physiological stimulus able to trigger the 
release of SVs is the extracellular ATP acting on the iono-
tropic receptor P2X7, even if some concerns have been 
arose as it has to be used at very high concentration and 
its half life is very brief due to the expression of ATP me-
tabolizing enzymes (CD39 and CD73) on the cell surface.
With this abstract we are presenting data concerning the 
description of the ability of cytokines (IL-4 and IFN-gam-
ma) to trigger the relase of SVs in an ATP-independent 
manner in cell lines of human and murine origin (CHME-
5 and BV2 respectively) and human peripheral blood 
monocytes. By using pharmacological inhibitors affect-
ing some molecular steps of the ATP signaling pathway 
we observed their inability to modulate the release of SVs 
mediated by cytokines; neither the final step of ATP-driv-
en SVs generation, i.e. the activation of the lipid metabo-
lizing enzyme acid sphyngomyelinase (ASMase), seems 
to be involved.
The CHME-5 cell line, which was used for performing 
most of the experiments, has been characterized in detail 
for its ability to release SVs by multiple techniques such 
as differential and sucrose density ultracentrifugation, 
western blot, electron microscopy (transmission and scan-
ning), tunable resistive pulse sensing, FACS analysis and 
dynamic light scattering.  

321 
The form-function connection of M1/M2 
microglia revisited 

Beatrice Wasser - Dirk Luchtman - Kerstin Robohm - 
Frauke Zipp - Stefan Bittner
University Of Mainz, Neurology, Mainz, Germany

Microglia are the central nervous system (CNS)-resident 
myeloid cells and among the most versatile. While it is 
well established that microglia form and function are 
linked, in that more ramified microglia are considered less 
reactive than their less branched counterparts, this form-
function connection becomes vastly more complex when 
considering the different activation states of microglia. 
Similar to macrophages, microglia may be classically 
activated and pro-inflammatory (M1) or alternatively ac-
tivated (M2) and more anti-inflammatory, with most ac-
tivated microglia likely residing in an in-between state. 
While increasingly complex immunofluorescence pro-
tocols with sensitive M1/M2 markers can give valuable 
data on microglia functional status at a given time point in 
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space, complementary morphological data, if convincing 
enough, would be valuable in gaining immediate visual 
input on real-time functional status, for instance during 
live imaging, while allowing to keep track of changes as 
they dynamically evolve over time and effects of experi-
mental or therapeutic interventions. Here, using two-pho-
ton laser scanning microscopy to resolve fine detail in 3D 
space and organotypical slice cultures from B6.Cx3Cr1.
EGFP mice to preserve the complex tissue environment, 
we attempted to define M1 and M2 microglia morphology 
by promoting their polarization using controlled slice-
treatment with lipopolysaccharide (LPS) or a cocktail of 
LPS, interleukin-4 (IL4) and dexamethasone respectively. 
Backed up by mRNA (Arg1/iNOS ratio) and flow cyto-
metric (CD206) markers to confirm M1/M2 polarization 
in the slice cultures, we analyzed microglia morphology 
in the two-photon 3D images. Early observations showed 
that while microglia in untreated slices show significantly 
more aspects of ramification than either M1 or M2-po-
larized microglia, including dendrite segments, branch-
ing- and terminal points, no significant difference was ob-
served between M1 and M2 glia on these measures. These 
data do illustrate the complexity of the form-function con-
nection in highly plastic microglia and question the mor-
phological differentiation of M1/M2 classification.  

323 
The role of DJ-1 in mediating microglia activity 
toward alpha synuclein 

Yuval Nash(1) - Eran Schmukler(2) - Dorit Trudler(1)  
Ronit Pinkas-kramarski(2) - Dan Frenkel(2)

Tel Aviv University, Sagol School Of Neuroscience, Tel Aviv, 
Israel(1) - Tel Aviv University, Department Of Neurobiology, 
George S. Wise Faculty Of Life Sciences, Tel Aviv, Israel(2)

Background: Parkinson’s disease (PD) is characterized 
by neurodegeneration in the basal nuclei and deposition 
of inclusion bodies comprised mainly of alpha-synuclein. 
PD is associated with neuroinflammation that is largely 
attributed to marked alterations in microglial distribution, 
number, and activation state. DJ-1 mutations that result 
in reduced protein expression are considered to be a risk 
factor for PD. Here we aim to assess the role of DJ-1 in 
microglia activity.
Results and Conclusions: We have shown that downregu-
lation of DJ-1 in microglia cells enhances their neuroin-
flammatory profile and their neurotoxicity. Furthermore, 
decreased DJ-1 expression affects microglia’s ability to 
phagocytose extracellular alpha-synuclein. Autophagy, a 

process of cellular constituent self-digestion, is important 
for normal growth control and is also involved in diseases. 
Changes in autophagy levels were associated with neu-
rodegenerative diseases such as Alzheimer’s disease and 
PD. We have discovered that DJ-1-deficient microglia 
exhibit reduced autophagy compared to normal, control 
microglia. Taken together, our findings suggest a role of 
DJ-1 in the spreading of alpha-synuclein pathology in PD 
and further imply the non-cell autonomous nature of del-
eterious processes in the etiology of PD. Further studies 
of DJ-1-dependent alpha-synuclein cellular pathways in 
microglia may provide future avenues for therapeutic in-
tervention.

330 
Sall1 Defines Microglia Fate and Function 

Anne Buttgereit, Xueyang Yu, Melissa Vrohlings,  
Iva Lelios, Natalie R. Krakoski, Emmanuel L. Gautier, 
Ryuichi Nishinakamura, Burkhard Becher, Melanie Greter
University Of Zurich, Institute Of Experimental Immunology, 
Zurich, Switzerland

Microglia are the resident macrophages of the central 
nervous system (CNS). Adult microglia are derived from 
primitive yolk sac macrophages and maintain themselves 
locally and independently of circulating myeloid precur-
sors. Gene profiling identified the transcriptional regulator 
Sall1 as a microglia signature gene.
Here we demonstrate that Sall1 is exclusively expressed 
by microglia within the hematopoietic system including 
other mononuclear phagocytes and within the adult CNS. 
By exploiting Sall1 for microglia-specific gene target-
ing, we established an important role for Csf-1R in the 
maintenance of adult microglia. In addition we showed 
that disruption of TGF-βR signaling in microglia leads to 
an activated phenotype. We further utilized the microglia-
specific expression of Sall1 to inducibly inactivate the 
Sall1 locus in vivo. Sall1 deletion in microglia resulted in 
a transition from a surveying tissue macrophage to a pro-
inflammatory phagocyte, leading to altered neurogenesis, 
increased phagocytosis and disturbed tissue homeostasis. 
Collectively, transcriptional regulation via Sall1 main-
tains microglia identity and sustains their surveying phe-
notype in the CNS. In addition, this offers a novel route to 
microglia-specific manipulations in vivo.
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358  
Microglia mediate the anti-depressive effects of 
electroconvulsive shock therapy in mice exposed 
to chronic unpredictable stress. 

Neta Rimmerman - Ronen Reshef - Maayan Abargil  
Laura Cohen - Raz Yirmiya
Department Of Psychology, The Hebrew University, Jerusalem, 
Israel. 

Electroconvulsive therapy (ECT) is one of the most 
effective treatments for depression. Although it has been 
used for decades, particularly for treatment of major 
depression patients with drug resistance, the mechanisms 
underlying ECT’s action are still elusive. Recent studies 
in our laboratory demonstrated that decline in the 
number and activation status of hippocampal microglia 
underlies the development of depressive-like symptoms 
in chronic unpredictable stress (CUS)-exposed mice. 
Here, we investigated whether the therapeutic effects of 
ECT are mediated via modulation of microglial status. 
We specifically assessed whether microglial inhibition 
(by minocycline administration), or depletion (by chronic 
treatment with the selective CSF1 receptor kinase 
inhibitor PLX5622), interferes with the therapeutic 
effects of ECT in CUS-exposed mice. 
We found that ECT (3 sessions/week for 2.5 weeks) re-
versed the CUS-induced reduction in sucrose prefer-
ence (anhedonia). This effect was microglia-dependent, 
evidenced by blockade of the therapeutic effects by mi-
nocycline, or by microglia depletion. Morphologically, 
ECT normalized the CUS-induced reduction in microglia 
number, increased hippocampal microglia soma size, and 
reversed the CUS-induced decrease in the total length of 
hippocampal microglial processes. The latter effects were 
blocked by minocycline. Consistent with the observed 
morphological changes, we found that ECT normal-
ized the CUS-induced decreases in P2yr12 hippocampal 
mRNA levels, and the length of P2yr12-positive process-
es. The latter effect was also reversed by minocycline. In 
conclusion, we show that the anti-depressive therapeutic 
effects of ECT are dependent on the presence and activity 
level of microglia in the hippocampus.

361 
The farnesoid-X-receptor in myeloid cells 
controls central nervous system autoimmunity in 
an IL-10-dependent fashion 

Martin Herold(1) - Stephanie Hucke(1) - Marie Liebmann(1) 

Nicole Freise(2) - Maren Lindner(1) - Ann-katrin Fleck(1) 
Stefanie Zenker(2) - Stephanie Thiebes(3) - Juncal 
Fernandez-orth(1) - Dorothea Bock(4) - Felix Luessi(5) - 
Sven G. Meuth(1) - Frauke Zipp(5) - Bernhard Hemmer(4) 
Daniel Robert Engel(3) - Johannes Roth(2) - Tanja 
Kuhlmann (6) - Heinz Wiendl(1) - Luisa Klotz(1)

University Of Muenster, Neurology, Muenster, Germany(1) - 
University Of Muenster, Immunology, Muenster, Germany(2) 
University Duisburg-essen, Institute Of Experimental 
Immunology And Imaging, Essen, Germany(3) - Technical 
University Of Munich, Neurology, Munich, Germany(4)  
University Of Mainz, Neurology, Mainz, Germany(5)  
University Of Muenster, Institute Of Neuropathology,  
Muenster, Germany(6)

Innate immune responses by macrophages are decisive 
for perpetuation of central nervous system (CNS) autoim-
munity and hence, their pharmacologic modulation rep-
resents a promising strategy to prevent disease progres-
sion in Multiple Sclerosis (MS). Here, we identify the bile 
acid receptor farnesoid-X-receptor (FXR) as a therapeutic 
target for control of established CNS autoimmunity. The 
ligand activated transcription factor is a member of the 
superfamily of nuclear receptors involved in bile acid me-
tabolism, intestinal barrier function and local control of 
intestinal inflammation. The pharmacological activation 
of FXR with synthetic ligand GW4064 promoted genera-
tion of anti-inflammatory macrophages characterized by 
arginase-1, increased IL-10 production and suppression 
of T cell responses. In vivo, FXR activation ameliorated 
CNS autoimmunity in an IL-10- dependent fashion and 
was even capable of suppressing advanced clinical dis-
ease. The crucial role of FXR activation in macrophages 
is evident as transfer of such macrophages potently ame-
liorated CNS autoimmunity. In human monocytes from 
healthy controls and MS patients, pharmacological FXR 
activation induced an anti-inflammatory phenotype with 
T cell suppressive properties. We therefore propose an 
unexpected role of FXR in control of T cell-mediated au-
toimmunity by promoting anti-inflammatory macrophage 
responses.

381 
The role of microglia in adult neurogenesis

Ronen Reshef(1 - Elena Kudryavitskay(2) - Haran Shani(2) 
Neta Rimmerman(1) – Adi Mizrahi(2) - Raz Yirmiya(1)

Dept. of Psychology, The Hebrew University of Jerusalem, 
Jerusalem, Israel(1) - Dept of Neurobiology , The Hebrew 
University of Jerusalem(2)
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Over the past decade it became evident that microglia 
play important roles in brain development and plasticity. 
However, the role of microglia and CX3CR1 signaling 
in the maturation and synapse growth of newly-born 
neurons during adult neurogenesis is still unknown. 
To elucidate the role of microglia in neurogenesis, we 
labeled newborn granular neurons (GNs) migrating 
to the olfactory bulb (OB) in microglia depleted mice 
and in CX3CR1 deficient (CX3CR1-/-) mice as well as 
WT controls, by injecting a lentivirus that induces the 
expression of tdTomato in infected host cells. Microglia 
depletion was accomplished by administration of the 
CSF-1 receptor inhibitor PLX5622. 28 days after the 
injection we imaged infected maturing GNs in the OB 
using 2-photon microscopy, followed by measuring 
their spine density and size using immunohistochemical 
examination of enhanced tdTomato labeling. Our data 

shows that the GNs spine density in microglia depleted 
and CX3CR1-/- mice was significantly lower as compared 
to WTs. Moreover, spine morphology seemed to differ 
only in one experimental group, as CX3CR1-/- mice had 
smaller spines. In vivo data also indicates that microglia 
depletion and CX3CR1-/- causes stabilization of synaptic 
turnover in maturing GNs, as fewer dendritic spines are 
being formed and lost over 24h. These morphological 
changes have functional significance as calcium imaging 
showed enhanced responses to odors of mitral cells, which 
are normally inhibited by GNs. Preliminary RNA-Seq 
indicates the morphological changes were due to different 
mechanisms in the 2 experimental models. Our findings 
suggest that microglia are involved in normal maturation 
of newborn neurons in the OB and thus affect the normal 
physiological function of the network.

Gender and aging: Effects on the immune system and brain plasticity

50 
Aging and recurrent episodes of 
neuroinflammation promotes progressive eae in 
biozzi abh mice 

Sandra Amor(1) - Laura Peferoen(1) - Marjolein Breur(1) 
Sarah Van De Berg(1) - Regina Peferoen-baert(1) - Erik 
Boddeke(2) - Paul Van Der Valk(1) - Gareth Pryce(3)  
Johannes Van Noort(4) - David Baker(3)

Pathology Department, Vu University Medical Centre, 
Amsterdam, Netherlands(1) - Ugmc, Ugmc, Groningen, 
Netherlands(2) - Blizard, Qmul, London, United Kingdom(3) - 
Delta Crystallon Bv, Delta Crystallon Bv, Leiden, Netherlands(4)

Current therapies for MS reduce the frequency of relapses 
by modulating adaptive immune responses but fail to limit 
the irreversible neurodegeneration driving progressive 
disability. Experimental autoimmune encephalomyelitis 
(EAE) in young Biozzi ABH mice recapitulates clinical 
features of MS including relapsing-remitting episodes fol-
lowed by secondary progressive disability. To address the 
contribution of recurrent inflammatory events and ageing 
as factors that amplify neurodegeneration and progres-
sive neurological disease, we examined the clinical EAE 
course in young (8-12 weeks) and old (12 months) Biozzi 
ABH mice. Compared to the relapsing-remitting (RRE-
AE) and secondary progressive EAE (SPEAE) observed 
in young mice, old mice developed chronic progressive 
disease from onset (CPEAE) associated with more pro-
nounced axonal damage and increased numbers of CD3+ 

T cells and microglia/macrophages, but not B cells. While 
the clinical neurological features of CREAE in old mice 
and SPEAE in younger mice were comparable, the pathol-
ogy was distinct. SPEAE was associated with significantly 
reduced perivascular infiltrates and T-cell numbers in the 
CNS as compared to chronic  EAE and the acute phase of 
RREAE. In contrast to perivascular infiltrates that declined 
during disease RR-SPEAE progression, the numbers of 
microglia clusters remained constant. Similar to what is 
observed during MS, the microglia clusters emerging dur-
ing EAE were associated with axonal damage and oligo-
dendrocytes expressing HspB5, but not with lymphocytes. 
Taken together, our data reveal that CPEAE in old mice is 
distinct from SPEAE in younger mice, indicating that not 
only recurrent episodes of inflammation in the CNS, but 
also age contributes to progressive neurological disease.  

178 
Old mice accumulate effector CD4 T cells 
refractory to Treg-induced immunosuppression 

Idan Harpaz - Udayan Bhattacharya - Nitzan Levy  
Alon Monsonego
Ben-gurion University Of The Negev, The Shraga Segal 
Department Of Microbiology, Immunology And Genetics, 
Faculty Of Health Sciences, Beer Sheva, Israel

A key feature of aging that may increase the risk and se-
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verity of neurodegenerative diseases in elderly people is 
a chronic low-grade inflammation referred to as inflam-
maging. Whether the chronic inflammation upon aging re-
sults from a functional loss of regulatory T-cells (Tregs) or 
from intrinsic aberrant activation of effector T cells is yet 
unclear. To address this question, we analyze effector and 
regulatory CD4 T-cell subsets in young and old C57BL6 
mice. Our findings indicate that as compared with young 
C57BL6 mice, old mice show an increased frequency of 
effector T-cell subsets with an activated phenotype and 
markedly increased effector functions. Analysis of the fre-
quency and suppressive functions of regulatory T cells in-
dicate a severely compromised regulation capacity in old 
mice, manifested in a reduced Treg frequency and an in-
trinsically dysregulated phenotype of effector T cells which 
also resist Treg-mediated regulation. Notably, the declined 
regulatory function in old mice is substantially recovered 
in the presence of IL-2-producing non-effector T cells. We 
thus demonstrate an age-related impairment in the regula-
tion capacity of effector CD4 T cells, which may underlie 
the higher risk for destructive brain inflammation associ-
ated with the progression of neurodegenerative diseases.

235 
Ageing influences NADPH-oxidase activation 
during neuroinflammation 

Ronja Mothes(1) - Julian Pohlan(1) - Anja E. Hauser(2)  
Raluca Niesner(3) - Helena Radbruch(1)

Charité - Universitätsmedizin Berlin, Department Of 
Neuropathology, Berlin, Germany(1) - Deutsches Rheuma 
Forschungszentrum, Ag Immune Dynamics, Berlin, Germany(2) 
Deutsches Rheuma Forschungszentrum, Ag Biophysical 
Analytics, Berlin, Germany(3

Ageing influences the peripheral immune cells invading 
the central nervous system (CNS) in the context of diseases 
as well as CNS-resident immune cells. We could show that 
cells of both CNS (astrocytes and microglia) and immune 
system are synergizing in promoting neuronal damage via 
an excessive oxidative stress response in the inflamed brain. 
We employed NAD(P)H fluorescence lifetime imaging to 
detect functional NADPH oxidase (NOX) in vivo and, 
thus, to identify inflammatory monocytes as well as CNS-
resident microglia and astrocytes as the main cellular 
sources of reactive oxygen species (ROS) in the CNS of 
EAE mice and in contrast to an Alzheimer’s disease mouse 
model. This oxidative stress directly affects neuronal 
function analyzed by measuring Calcium overload of 
neurons in CertnL15 mice, which express a genetically 

encoded calcium sensor. The systemic dimension of the 
disease is mirrored by NOX over-activation in peripheral 
blood CD11b+ cells of both MS and EAE specific 
for disease duration but not related with the age of the 
patients. In addition, when we compared NOX activation 
between young and aged healthy human individuals, 
we detected a difference in the NOX activation pattern: 
While young individuals showed a homogenous level of 
NOX activation, the majority of cells in the aged had a 
reduced NOX-activity, while some cells showed highly 
elevated NOX activation levels. Therefore, although the 
mean activation remained unchanged, this suggests an 
altered potential to induce inflammatory oxidative stress 
in the aged in addition to altered oxidative stress induced 
through iron accumulation in the brain parenchyma.

331 
Age-associated alterations of antioxidant status, 
calcium homeostasis and glucose transporter  in 
aging female rat : Protective role of 17β estradiol.  

Pardeep Kumar - N Baquer
Jawaharlal Nehru University, School Of Life Sciences,  
New Delhi, India

Objective:  Aging in females and males is considered as 
the end of natural protection against age related diseases 
like osteoporosis, coronary heart disease, diabetes, Al-
zheimer’s disease and Parkinson’s disease.  These chang-
es increase during menopausal condition in females when 
the level of estradiol is decreased. The objective of this 
study was to observe the changes in activities of super-
oxide dismutase (SOD), glutathione S-transferase (GST), 
Ca2+ATPase, intracellular calcium levels, DNA degra-
dation  and glucose transporter 4 (GLUT3) occurring in 
brains of female albino Wistar rats of 3 months (young), 
12 months (adult) and 24 months (old) age groups, and to 
see whether these changes are restored to normal levels 
after exogenous administration of  17β estradiol (0.1 µg/
gm body weight for one month).
Methods: The aged rats (12 and 24 months old) (n= 8 for 
each group) were given subcutaneous injection of 17β es-
tradiol (0.1 µg/g body weight) daily for one month. Con-
trols animals received an equal volume of vehicle. After 
30 days of hormone treatment, experimental animals of 
all the groups were sacrificed and brains were isolated for 
further study.
Results:  The results obtained in the present work revealed 
that normal aging was associated with significant decrease 
in the activities of SOD, GST, Ca2+ATPase and GLUT3 
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levels in the brains of aging female rats, and an increase 
in DNA degradation and  intracellular calcium levels.  
Administration of 17β estradiol brought these changes to 
near normalcy.
Conclusions: It can therefore be concluded that 17β estra-
diol ’s beneficial effects seemed to arise from its, antioxi-
dant and antilipidperoxidative effects, implying a thera-
peutic potential drug for age related changes. The results 
of this study will be useful for pharmacological modifica-
tion of the aging process and applying new strategies for 
control of age related disorders.

362 
Inhibiting solTNF is Therapeutic for Neuropathic 
Pain in Male but not Female Mice 

Tania Del Rivero - Kayla Murphy – John R. Bethea
Drexel University, Department Of Biology, Philadelphia,  
United States

Tumor Necrosis Factor (TNF) is an important media-
tor of physiological and pathological processes, systemi-
cally and within the central nervous system (CNS), and 
has been found to be crucial in pain development. Previ-
ously, we demonstrated that chronic constriction injury 
(CCI) induced-neuropathic pain results in hippocampal 
pathology which includes a significant increase in soluble-
TNF, a decrease in myelin and synaptic proteins, deficits 

in neurogenesis, and depression-like behaviors. Using ge-
netic approaches we found both the CCI induced pain and 
subsequent hippocampal neuropathology are dependent on 
TNF receptor 1 (TNFR1) (Dellarole et al., 2014).  Since 
this study was done in male mice only and because chronic 
pain occurs more frequently and severely in females, we 
investigated the therapeutic effects of inhibiting TNFR1 
signaling with XPro1595, a specific inhibitor of soluble 
TNF (solTNF), in both male and female mice. One week 
following CCI mice which exhibited pain received sub-
cutaneous delivery of either saline or XPro1595 (10 mg/
kg) every 2nd day and were blindly tested for pain weekly. 
In male mice, XPro1595 resulted in a significant recovery 
from neuropathic pain compared to saline controls; how-
ever, in female mice there was no effect of XPro1595 on 
pain. To begin exploring a mechanism, we investigated 
changes in levels of a glutamate transporter (GLT-1) and 
glutamate receptor subunit (NMDAR1) in the brain of 
these animals since neuropathic pain has been shown to 
invoke an increase in glutamatergic signaling in the brain. 
In male mice, inhibiting solTNF systemically following 
injury reduces glutamatergic expression in the hippocam-
pus and cortex while in female mice inhibiting solTNF 
produces an increase in NMDA mediated glutamatergic 
expression. Together, these results suggest that solTNF 
signaling plays a role in pain induction following CCI in 
males but not females. This could be due to the sexually 
dimorphic effects of solTNF inhibition on glutamate sig-
naling components following CCI. 

Lessons from animal models and implications in the pathogenesis of human  
neuroinflammatory diseases

5 
Differential immune functions of murine 
subtypes of astrocytes 

Ehud Lavi
Weill Cornell Medicine, New York Presbyterian Hospital / 
Cornell University Campus, New York, Ny, United States

Astrocytes are the most abundant cells in the central ner-
vous system (CNS), but astrocytes constitute a heteroge-
neous population of cells with a variety of different func-
tions. Astrocytes are divided into three major subgroups 
(type 1,2 and 3) but very little is known about the function 
of each subtype. Although it is known that astrocytes are 
capable of producing cytokines in response to a variety of 
stimulations including in response to pathogen infections, 

it is currently unknown which subtype is involved in im-
mune functions in the CNS.  To investigate the potential 
role of astrocytic subtypes in immune function we inves-
tigated the differential response of tissue culture clones of 
the three subtypes of mouse astrocytes to neurotropic and 
non-neurotropic coronavirus infections. The neurotropic 
properties of the viruses were studied in an experimen-
tal model of infections in C57BL/6 mice. We studied the 
differential ability of astrocyte subtypes to mount pro-in-
flammatory immune reaction by analyzing cDNA arrays 
of cytokines, interferons and TNF profiles of each subtype 
of astrocytes and microglia in response to these infections. 
While both types of astrocytes (1 and 2), as well as mi-
croglia, were infected by the viruses, only type 1 astro-
cytes and microglia produced pro-inflammatory cytokine 
response to neurotropic viral infection.  The novel differ-
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ential response of astrocyte subtypes suggests that only 
type 1 astrocytes serve along with microglia cells as the 
local innate immune system of the CNS.  

6 
Development of a Mouse Model mimicking 
Paraneoplastic Neurological Disease 

Christina Gebauer(1) - Beatrice Pignolet(1) - Lidia Yshii(1) - 
Jan Bauer(2) - Emilie Mauré(1) - Roland Liblau(1)

Inserm U1043, Cptp, Chu Purpan, Toulouse, France(1) - Center 
Of Brain Research, Medical University Of Vienna, Vienna, 
Austria(2)

Paraneoplastic neurological disorders (PND) are rare hu-
man autoimmune diseases that can affect any part of the 
central nervous system (CNS). They are triggered by an 
efficient immune response against a tumor that expresses 
an onconeuronal antigen also found in the CNS. Due to 
this shared antigenic expression the immune system re-
acts not only to tumor cells but also to neurons resulting 
in neurological damage. Growing data point to a major 
role of cell-mediated immunity. However, its precise con-
tribution in the pathogenesis still remains unclear. In this 
context, our project aims to shed light on the impact of 
anti-tumor cellular immune responses in the generation of 
CNS inflammation. To address these issues, we developed 
an animal model mimicking PND. Therefore, we used a 
4T1 tumor cell line expressing the hemagglutinin (HA) 
of influenza virus to activate a cross-reactive anti-tumor 
response in CamK-HA mice, which express HA in CNS 
neurons. To promote a T cell response against the HA an-
tigen naïve HA-specific CD8 and/or CD4 T cells, origi-
nating from TCR-transgenic animals, were additionally 
transferred into these mice. We could demonstrate that 
HA-expressing tumors, but not control tumors, induce in 
vivo activation, proliferation and differentiation of naïve 
HA-specific CD4 and CD8 T cells into effector cells. In 
addition, both T cell subsets were needed to control tumor 
growth and induce CNS inflammation. This mouse model 
provides further insight on the mechanisms whereby suc-
cessful anti-tumor immunity triggers a cancer-associated 
autoimmune disease, and may therefore help to develop 
new therapeutic strategies against this disorder. 

7 
CTLA-4 blockade elicits paraneoplastic 
neurological disease in a mouse model 

Lidia Yshii(1) - Christina Gebauer(1) - Béatrice Pignolet(1)  
Emilie Mauré(1) - Clémence Quériault(1) - Mandy Pierau(2) 
Hiromitsu Saito(3) - Noboru Suzuki(3) - Monika Brunner-
weinzierl(2) - Jan Bauer(4) - Roland Liblau(1)

Inserm Centre De Physiopathologie Toulouse-purpan U1043, 
Université De Toulouse, Toulouse, France(1) - Otto-von-guericke 
University Magdeburg, Department Of Experimental Pediatrics, 
University Hospital, Magdeburg, Germany(2) - Mie University 
Life Science Research Center, Department Of Animal Genomics, 
Functional Genomics Institute, Tsu, Japan(3) - Medical 
University Of Vienna, Center For Brain Research, Vienna, 
Austria(4)

Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) 
is an inhibitory regulator of immune responses. Therapeu-
tic CTLA-4 blockade enhances T-cell responses against 
cancer and provided striking clinical results against ad-
vanced melanoma. However, this therapy is associated 
with immune-related adverse events. Paraneoplastic neu-
rologic disorders (PND) are immune-mediated neurologi-
cal diseases that develop in the setting of malignancy. The 
target onconeural antigens are expressed physiologically 
by neurons, and aberrantly by tumor cells. These tumor-
associated antigens can be presented to T cells, generating 
an antigen-specific immune response that leads to autoim-
munity within the nervous system. To investigate the risk 
to develop PND after CTLA-4 blockade, we generated a 
mouse model of PND that expresses a neo-self antigen 
both in Purkinje neurons and in implanted breast tumor 
cells. Anti-CTLA4 therapy in these mice elicited antigen-
specific T cell migration into the cerebellum and neurode-
generation. PND developed only after anti-CTLA4 treat-
ment. Our data strongly suggest that CD8+ T cells play a 
final effector role by killing the Purkinje neurons. Taken 
together, we predict that CTLA-4 blockade could promote 
PND in patients affected with gynecological cancers, or 
malignancies of neuroectodermal origin, such as small 
cell lung cancer and, therefore, recommend heightened 
caution.

16 
TLR2 and TLR4 selectively regulate 
susceptibility of P0106-125-induced murine 
experimental autoimmune neuritis. 

Anna Brunn(1) - Mirna Mihelcic(1) - Mariana Carstov(1)  
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Lisa Feind(1) - Eva C. Wieser(1) - Julia Schmidt(1)  
Olaf Utermöhlen(2, 3) - Martina Deckert(1)

Department of Neuropathology, University Hospital of Cologne, 
Cologne, Germany(1) - Institute for Medical Microbiology, 
Immunology and Hygiene, Medical Center, University of 
Cologne, Germany(2) - Center for Molecular Medicine, Cologne, 
Germany(3)

Introduction and Methods: The clinical observation that 
infections with Campylobacter (C.) jejuni, which po-
tently activate Toll-like receptors (TLRs), frequently 
precede the Guillain-Barré syndrome (GBS) has raised 
the hypothesis that TLRs contribute to CD4+ T cell-
mediated GBS. In order to address this question, the 
functional relevance of TLRs was dissected in P0106-
125-induced experimental autoimmune neuritis (EAN) 
of  C57BL/6.129-Tlr2tm1Kir/J (TLR20/0) and C57BL/6.
B10ScN-Tlr4lps-del/J (TLR40/0) mice. Results: Lack of 
both TLR2 and TLR4 significantly attenuated the clinical 
course of EAN as compared to wild-type mice. This was 
attributed to impaired NF-κB activation as evidenced by 
the absence of nuclear RelA translocation with a decreased 
expression of IL-6, IL-12p40, and IL-17A. Compared to 
TLR40/0 mice, TLR20/0 mice exhibited a delayed re-
covery, which was due to an impaired TH2-polarization. 
TLR20/0 mice were unable to induce OX40 and OX40L 
by MMP-2 on splenic dendritic cells. Subsequently, M2 
polarization was impaired and, finally, induction of Tregs 
by macrophages was reduced. Conclusion: These data 
highlight the relevance of TLRs as well as their tight in-
teraction with the adaptive immune system in EAN.

29 
Alpha7 nicotinic acetylcholine receptor and RIC-
3 in the cholinergic anti-inflammatory pathway 
and neuroinflammation 

Yael Ben-David(1) - Tehila Mizrachi(2) - Karen Brusin(2)  
Abhijit Kulkarni(3) - Ganesh Thakur(3) - Talma Brenner(2) 
Millet Treinin(1)

The Hebrew University, Dept. Of Med. Neurobio., Jerusalem, 
Israel(1) - Hadassah Medical Center, Neurology, Jerusalem, 
Israel(2) - Pharmaceutical Sciences, School Of Pharmacy, 
Northeastern University, Boston, United States(3)

The nicotinic acetylcholine receptor (nAChR) gene 
family encodes for subunits of pentameric acetylcholine 
(ACh)-gated ion channels. These receptors are expressed 
widely and have many functions including excitation 
at neuromuscular junctions and modulating memory 

and cognition in the central nervous system (CNS). The 
alpha7 nAChR subunit assembles into a homomeric 
receptor with unusual properties.  It expresses widely 
in the CNS and other tissues and has many functions; 
in immune cells alpha7 nAChR is required for the anti-
inflammatory effects of ACh and has been implicated in 
inflammatory autoimmune diseases including Multiple 
Sclerosis (MS). Interestingly, although alpha7 nAChRs 
are found at the outer membranes of immune cells, 
acetylcholine-dependent currents have not been recorded 
from these cells. Therefore, its mechanism of action 
in immune cells needs further evaluation. To better 
understand the mechanisms of action of alpha7 nAChR 
in MS we tested effects of novel alpha7 nAChR agonists 
on immune function in cell lines and in EAE mouse 
model induced in C57bl mice.  Specifically, GAT107, 
an allosteric activator and positive modulator of alpha7 
nAChR, produced long lasting improvement on disease 
severity (~70% suppression of clinical score). In 
addition, we examined the role of RIC-3, an endoplasmic 
reticulum-resident chaperone which strongly affects 
alpha7 nAChR maturation, in immune cell function. 
We found that RIC-3 is expressed in immune cells and 
that its expression and splicing are regulated by pro-
inflammatory signals. We also tested effects of RIC-3 
downregulation on alpha7-mediated anti-inflammatory 
activities. We hope that these two lines of study will 
enable better understanding of the mechanisms of action 
and regulation of alpha7 nAChR in immune cells,  
paving the way for novel immunomodulatory agents, 
and/or towards extending the application of cholinergic 
agents in neuroinflammation.

31 
Caspr2-reactive antibody cloned from a mother 
of an ASD child mediates an ASD-like phenotype 
in mice 

Lior Brimberg - Simone Mader - Venkatesh Jeganathan  
Roseann Berlin - Thomas R. Coleman - Peter K. 
Gregersen - Patricio Huerta - Bruce T. Volpe - Betty 
Diamond
The Feinstein Institute For Medical Research, North Shore 
Hospital, Manhasset, United States

Autism spectrum disorder (ASD) occurs in 1 in 67 births, 
preferentially affecting males.  It encompasses a group 
of neurodevelopmental abnormalities characterized by 
impaired social interaction and communication, stereo-
typic behaviors and motor dysfunction. While recent 
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advances implicate maternal brain-reactive antibodies in 
a causative role in ASD, a definitive assessment of their 
pathogenic potential requires cloning of such antibodies. 
In our current study, we isolated brain-reactive mono-
clonal antibodies from blood of mothers of a child with 
ASD. Brain-reactive memory B cells were identified by 
incubating B cells with fetal human brain homogenate 
that had been labeled with biotin. Memory B cells binding 
fetal human brain antigens were isolated and subjected to 
single cell cloning and expression. One monoclonal anti-
body, C6, was found to bind the extracellular domain of 
contactin-associated protein-like 2 (Caspr2) in a live cell 
based assay. To assess the pathogenic potential of C6, we 
intravenously administered either non-brain reactive con-
trol antibody B1 or C6 to pregnant mice on Embryonic 
day (E)13.5, a time when maternal antibody can cross the 
placenta and penetrate the embryonic brain. 
We demonstrate that male but not female mice exposed 
in utero to the C6 monoclonal antibody display abnormal 
cortical development at E15.5 with a thinner cortical plate 
and a reduced number of proliferating cells. At adulthood, 
the brain exhibit decreased dendritic complexity of excit-
atory neurons and reduced numbers of inhibitory neurons 
in the hippocampus, and the live offspring exhibit im-
pairments in sociability, flexible learning, and repetitive 
behavior. We further demonstrated that anti-Caspr2 anti-
bodies are more frequent in women with brain-reactive 
serology and a child with ASD. Together our study dem-
onstrates that ASD can result from in utero exposure to 
maternal brain-reactive antibodies of a single specificity 
and point toward the exciting possibility of prognostic and 
protective strategies.

43 
Spontaneous molecular reactivation of latent 
viruses as a mechanism mediating activation 
of T-lymphocytes in the development of central 
nervous system demyelination 

Lorne Kastrukoff(1) - Allen Lau(1) - Eva Thomas(2)

University Of British Columbia, Department Of Medicine, 
Vancouver, Canada(1) - British Columbia’s Children’s Hospital, 
Department Of Pathology, Vancouver, Canada(2)

Introduction: The mechanisms activating autoimmune 
T-lymphocytes in the blood of multiple sclerosis (MS) 
patients are unclear although molecular mimicry may rep-
resent one mechanism.  The spontaneous molecular reac-
tivation (SMR) of latent viruses may offer an additional 
mechanism.

Background: Infection of the oral mucosa of mice with 
Herpes simplex virus type 1 (HSV-1) results in the devel-
opment of recurrent demyelinating lesions in the central 
nervous system (CNS) of susceptible strains.  In the latter, 
lesions develop in three stage with the first (<1 month PI) 
mediated by anti-viral T-lymphocytes directed at infec-
tious HSV-1 that spreads sequentially throughout the CNS 
during the first 10 days PI.  Preliminary evidence suggests 
that lesions developing in the third stage (>3 months PI) 
result from autoimmune T-lymphocytes directed at CNS 
antigens. SMR of latent HSV-1 and recognition by the im-
mune system is reported in the peripheral nervous sys-
tem (PNS) of mice (Feldman et al. 2002).  SMR of latent 
HSV-1 in the CNS during the second stage (1-3 months 
PI) could provide a target for T-lymphocytes activated in 
the periphery and cross the blood brain barrier (BBB). 
Methods & results: We examined the brains of HSV-
1 latently infected susceptible (PL/J, A/J) and resistant 
(BALB/c) mice during the second stage using solution 
phase PCR, in-situ hybridization (ISH), and immuno-
histochemistry (IHC). We report HSV-1 nucleic acid is 
present in the brains of all strains at 6 and 10 weeks PI.  
Although latently infected CNS cells, identified by ISH, 
are present in all strains, they can be associated with de-
myelinating lesions in A/J and PL/J mice. Anti-HSV Ab 
positive cells, consistent with SMR, are only identified in 
demyelinating lesions of A/J and PL/J mice.
Discussion: SMR of latent HSV-1 in the CNS of suscep-
tible mice could be the target of an immune response, 
initially activated in the PNS, and results in the develop-
ment of lesions in the second/transitional stage of demy-
elination.  We hypothesize the release of CNS antigens 
associated with the development of these lesions could 
‘break’ immune tolerance in susceptible strains of mice 
and induce autoimmune CNS demyelination.

45 
Astrocyte deformation and neurovascular 
disruption mediate neuronal injury and 
cortical damage in experimental autoimmune 
encephalomyelitis 

Raya Eilam - Rina Aharoni - Michael Sela - Ruth Arnon
The Weizmann Institute Of Science, University, Rehovot, Israel

Grey matter pathology is currently recognized as an 
important factor in multiple sclerosis (MS), but its 
pathophysiology is not entirely understood. Astrocytes 
are crucial constituents in the crosstalk between the blood 
vessels and the neurons, controlling the local blood flow 
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according to the neural activity. However, the distribution 
of blood capillaries largely ignores functional boundaries 
in the brain cortex of rodents as well as in primates. 
In this study we investigated cortical damage, in particular 
the association of blood microvessels, astrocytes and neu-
rons which form together the neurovascular unit, during 
experimental autoimmune encephalomyelitis (EAE), as 
well as following recovery induced by glatiramer acetate 
(GA) treatment. 
In the cortex of naïve mice astrocytes cell bodies were 
located close to the penetrating arterioles, and their pro-
cesses reached the surrounding neurons in circled areas 
that may represent minicolumn of neurons with similar 
features/functions. Furthermore, we found that the as-
trocytes show a significant anatomical segregation along 
functional boundaries, supporting their role in neuro-he-
modyanmic coupling. In contrast, in EAE-inflicted mice 
we detected activated astrocytes with un-branched pro-
cesses, loss of endfeet anchoring to the blood vessel and 
the neurons, as well as detachment of the astrocytic cell 
bodies from the arterioles vicinity. Ultrastructural mea-
surement (performed in cross sections of 50 penetrating 
arterioles per group) revealed that only 9% of the astrocyt-
ic cell bodies were located less than 10µm from the blood 
vessels in EAE, compared to 85% in naïve mice. In addi-
tion, astrocytes lost their columnar organization and were 
randomly distributed in the cortex. In mice that recovered 
from EAE following GA treatment we found more normal 
appearing astrocyte morphology, multiple neurovascular 
connections, and 71% of the astrocytic cell bodies located 
less than 10µm from the blood vessels. Moreover, the cor-
tical architecture of astrocytes and their tendency to func-
tional arrangement was similar to normal. These findings 
support a central role of astrocyte deformation and vascu-
lar-astrocytic-neuronal interactions in the course of EAE/
MS, suggesting that changes in astrocytes morphology 
and location may impair the crosstalk between the blood 
vessels and the neurons, thus contributing to the neuronal 
dysfunctionality and cortical damage. 

54 
The death receptor Fas promotes Th17 cell 
function by inhibiting STAT1 activation 

Gerd Meyer Zu Horste(1) - Dariusz Przybylski(2)  
Chao Wang(1) - Alexandra Schnell(1) - Youjin Lee(1)  
Aviv Regev(2) - Vijay Kuchroo(1)

Harvard Medical School And  Brigham And Women’s Hospital, 
Evergrande Center For Immunologic Diseases, Boston, 
Ma, United States(1) - The Broad Institute, Mit And Harvard, 

Cambridge, Ma, United States(2)

The death receptor Fas is best known for removing ac-
tivated lymphocytes by apoptotic cell death. A previous 
transcriptomic analysis of Th17 cells surprisingly predict-
ed that Fas positively regulates interleukin (IL)-17-pro-
ducing T helper (Th17) cells that promote autoimmunity 
while concomitantly suppressing other T helper cell lin-
eages. However, experimental evidence for this prediction 
was lacking and potential underlying mechanisms were 
not studied. Here, we demonstrate that Fas promotes the 
generation and stability of Th17 cells and prevents their 
differentiation into Th1-like cells by binding and seques-
tering STAT1. Mice with T cell and Th17 cell-specific 
deletion of Fas were protected from experimentally in-
duced autoimmunity of the central nervous system and 
their Th17 differentiation and stability was impaired. Fas 
deficient Th17 cells instead developed a Th1-like tran-
scriptional profile, which depended on STAT1. In fact, Fas 
physically interacted with STAT1 and Fas deficiency en-
hanced IL-6 induced STAT1 activation and nuclear trans-
location, while Fas-STAT1 double-deficiency reversed 
the transcriptional changes induced by Fas deficiency and 
promoted induction of Th17 response. We thus identify 
Fas as a novel key regulator of the Th17-to-Th1 balance 
by controlling the availability of the opposing STAT1 and 
STAT3 proteins with direct impact on autoimmunity of 
the central nervous system. 

61 
Pain behaviours and neuroinflammation in 
experimental autoimmune encephalomyelitis 

Samuel Duffy(1) - Chamini Perera(1) - Preet Makker(1) - 
Justin Lees(1) - Pascal Carrive(2) - Gila Moalem-Taylor(1)

University Of New South Wales, School Of Medical Sciences, 
Department Of Physiology, Sydney, Australia(1) - University Of 
New South Wales, School Of Medical Sciences, Department Of 
Anatomy, Sydney, Australia(2)

Pain is a widespread and debilitating symptom of multiple 
sclerosis (MS), a chronic inflammatory demyelinating dis-
ease of the central nervous system. Although central neu-
roinflammation and demyelination have been implicated 
in MS-related pain, the contribution of peripheral and 
central mechanisms during different phases of the disease 
remains unclear. In this study, we used the animal model 
experimental autoimmune encephalomyelitis (EAE) to 
examine both stimulus-evoked and spontaneous pain be-
haviours, and neuroinflammatory changes, over the course 
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of chronic disease. We found that mechanical allodynia of 
the hind paw preceded the onset of clinical EAE, but was 
unmeasurable at clinical peak. This mechanical hypersen-
sitivity coincided with an increased microglial activation 
confined to the dorsal horn of the spinal cord. The devel-
opment of facial mechanical allodynia also emerged in 
pre-clinical EAE, persisted at the clinical peak, and corre-
sponded with pathology of the peripheral trigeminal affer-
ent pathway. This included T cell infiltration, which arose 
prior to overt central lesion formation and specific dam-
age to myelinated neurons during the clinical peak. Mea-
surement of spontaneous pain using the mouse grimace 
scale, a facial expression-based coding system, showed 
significantly increased facial grimacing in mice with EAE 
during clinical disease. This was associated with multiple 
peripheral and central neuroinflammatory changes includ-
ing a decrease in myelinating oligodendrocytes, increased 
T cell infiltration and macrophage/microglia and astrocyte 
activation. Overall, these findings suggest that different 
pathological mechanisms may underlie stimulus-evoked 
and spontaneous pain in EAE, and that these behaviours 
predominate in unique stages of the disease.

88 
Myelin Damage and Repair in an Antibody 
Model of Multiple Sclerosis Demyelination 

Yiting Liu(1) - Katherine Saul(2) - Danielle Harlow(2) 
Adeline Matschulat(1) - Gregory Owens(1) - Wendy 
Macklin(2) - Jeffrey Bennett(1)

University Of Colorado, Anschutz Medical Campus, Neurology, 
Aurora, CO, United States(1) - University Of Colorado, Anschutz 
Medical Campus, Cell & Developmental Biology, Aurora, CO,  
United States(2)

Multiple sclerosis (MS) is an inflammatory immune-
mediated disease of the central nervous system (CNS) 
characterized by myelin loss. A complete approach to 
MS therapy will require understanding the mechanisms 
governing lesion demyelination and remyelination. Un-
fortunately, current models are based on toxic injury, and 
therefore fail to recapitulate the disease-related processes 
driving myelin injury and repair in MS. Increased and per-
sistent intrathecal IgG synthesis and the presence of oligo-
clonal bands (OCBs) in the cerebrospinal fluid (CSF) are 
biochemical hallmarks of MS. We have constructed re-
combinant monoclonal IgG1 antibodies (rAbs) from over-
represented CSF plasma cells isolated from MS patients. 
Using these rAbs, we have developed an ex vivo mouse 
brain slice culture system to study the biology of demy-

elination and remyelination in MS. A myelin binding rAb, 
MS #30, caused robust oligodendrocyte (OL) loss and de-
myelination in the presence of human complement (HC) 
on mouse brain slices.  Decreased OL cell number and 
loss of myelin basic protein (MBP) overlying the axonal 
protein neurofilament heavy chain (NFH) were detected 
as early as 12 hr after treatment with rAb MS #30 and HC. 
After 48 hr of treatment, loss of OL and MBP was more 
than 50% and 90%, respectively. The morphology and 
survival of astrocytes and neurons remained unaffected. 
After demyelination and OL loss, MS#30 plus HC treat-
ment was removed, and myelin sheaths started to reappear 
after 3 additional days in culture. After 7 additional days 
of recovery, myelin sheaths were as extensive as that in 
the untreated controls. Our results indicate that antibody 
cloned from MS patients induces a reversible loss of the 
myelin sheath in mouse brain slices. This experimental 
system may serve as a novel tool to model MS-specific 
lesion formation and recovery. 

139 
Toll-like receptors are not required for induction 
of Experimental Autoimmune Encephalomyelitis 
in mice 

Filipa Marques Ferreira - Pushpalatha Palle  
Thorsten Buch
University Of Zurich, Institute Of Laboratory  Animal Sciences, 
Zurich, Switzerland

Several environmental and genetic risk factors have been 
shown to play a role in the onset and progression of Mul-
tiple Sclerosis (MS). Nevertheless, its pathogenesis is still 
unknown. Since the late 1940s, Experimental Autoim-
mune Encephalomyelitis (EAE) is being used as the pref-
erential animal model to shed light into disease progres-
sion as it mimics several aspects of the human condition. 
In mice, the presence of adjuvants and pertussis toxin 
seem to be essential to trigger EAE by immunization with 
myelin oligodendrocyte glycoprotein (MOG) peptide, 
suggesting that an immune challenge is crucial for disease 
onset. However, to date no single pathogen or immune 
response pathway has been indubitably shown to have a 
role in disease pathogenicity. As most adjuvants used to 
induce EAE contain Mycobacterium tuberculosis, patho-
gen-associated molecular patterns (PAMPs), damage-
associated molecular patterns (DAMPs) and their pattern 
recognition pathways seem to play an important function 
in disease progression. Several pattern recognition recep-
tors (PRR) recognise M. tuberculosis, among them Toll-
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like receptors Tlr 2, 4 and 9. These signal through myeloid 
differentiation primary response 88 (Myd88), an adaptor 
protein that has been shown to be required for EAE in-
duction. Here we aim to study the involvement of Tlr in 
the onset of EAE, by taking advantage of Tlr23479 KO 
mice, i.e. mice knock-out for Tlr2, Tlr3, Tlr4, Tlr7 and 
Tlr9. Surprisingly, these mice develop EAE with similar 
incidence and severity as wild-type mice. Accordingly, 
Tlr23479 KO mice do not show altered type-I interferon 
responses, with similar interferon-beta mRNA levels as 
the control group in the granuloma that is generated at 
the injection sites and within the central nervous system 
at peak disease. Similarly, these mice show similar levels 
of CNS pathology and proinflamamtory cytokine produc-
tion. These results suggest that knocking-out most parts of 
the Tlr system, upstream of the MyD88, do not impair its 
function opening up the possibility that other pattern rec-
ognition receptors, which also recognise M. tuberculosis, 
play a role in the onset of EAE.

149 
Extraocular inflammation in experimental 
neuromyelitis optica 

Kaufmann Nathalie(1) - Bleranda Zeka(1) - Maria 
Hastermann(1) - Tatsuro Misu(2) - Paulus Rommer(3)- Kazuo 
Fujihara(2) - Zsolt Illes(4) - Charlotte Dahle(5)  
Fritz Leutmezer(3) - Markus Reindl (6) - Hans Lassmann(1) 
Monika Bradl(1)

Department For Neuroimmunology, Center For Brain Research, 
Medical University  Vienna, Vienna, Austria(1) - Department Of 
Neurology, Tohoku University Graduate School Of Medicine, 
Sendai, Japan(2) - Department Of Neurology, Medical University 
Vienna, Vienna, Austria(3) - Department Of Neurology, University 
Of Southern Denmark, Odense, Denmark(4) - Department Of 
Clinical And Experimental Medicine (ike), Division Of Neuro 
And Inflammation Sciences, Linköping University, Linköping, 
Sweden(5) - Clinical Department For Neurology, Medical 
University Of Innsbruck, Innsbruck, Austria (6)

Neuromyelitis optica (NMO-SD) is an autoimmune dis-
ease of the central nervous system (CNS) characterized 
by astrocyte-destructive lesions in spinal cords and optic 
nerves. In a majority of patients it is characterized by the 
presence of NMO-IgG, autoantibodies directed against 
the water channel aquaporin 4 (AQP4). Although AQP4 
is also expressed in other organs, e.g. fast twitch skel-
etal muscles and kidney collecting duct epithelial cells, 
they are essentially spared from destruction. Here, we 
used an animal model of experimental NMO in Lewis 

rats, induced by transfer of AQP4268-285 specific T cells 
and NMO-IgG, and describe that the animals did not 
only develop inflammatory astrocyte destructive lesions 
in the spinal cord but also pronounced inflammation of 
the extraocular muscles. The muscle fibres were invaded 
by numerous macrophages, neutrophils and eosinophils 
and few T lymphocytes, and had complement deposition 
on the sarcolemma. This indicates that the extraocular 
muscles are destroyed by antibody-dependent cellular 
cytotoxicity (ADCC) and complement-dependent cellular 
cytotoxicity (CDCC). We also occasionally observed in-
flammation of skeletal muscles. There however, myositis 
was much milder and inflammation was mostly confined 
to the connective tissue compartment, while the skeletal 
muscle fibres were essentially spared. Inflammation of 
extraocular muscles was not seen when AQP4268-285 
specific T cells were injected without NMO-IgG and also 
not when NMO-IgG was injected without T cells. Hence, 
extraocular muscles are preferential muscular targets of 
AQP4268-285 specific T cells and NMO-IgG.

161 
Antibody in cerebrospinal fluid can be directed to 
specific sites in brain 

Marlene Thorsen Mørch(1) - Reza Khorooshi(1) - Nasrin 
Asgari(1) - Trevor Owens(1)

Institute Of Molecular Medicine, Department Of Neurobiology, 
University Of Southern Denmark, Odense, Denmark(1)

Elevated titers of IgG autoantibodies are seen in cere-
brospinal fluid (CSF) of multiple sclerosis patients and 
in neuromyelitis optica (NMO) patients during acute re-
lapse. When autoantibodies enter the CSF they have ac-
cess to their target antigen. In case of NMO the target anti-
gen is aquaporin 4, a water channel localized to astrocytic 
end-feet at the blood-brain barrier. Encounter of autoanti-
bodies with specific antigen can lead to hypersensitivity 
reactions and pathology. We are interested in why lesions 
occur in specific places although the antigen is expressed 
throughout the central nervous system (CNS). We have in-
vestigated the possibility of directing lesions to pre-deter-
mined locations by a unilateral sterile injury in the brain of 
C57Bl/6 mice. One day after this stereotactic injection of 
buffer, human IgG was injected into the CSF via cisterna 
magna. IgG came either from NMO patients (NMO-IgG) 
or from healthy donors, and was injected with or without 
human complement. Significant deposition of antibod-
ies was observed at the site of buffer injection, compared 
to low level non-specific antibody deposition elsewhere. 
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This was independent of IgG specificity or complement. 
Complement-dependent pathology was observed at the 
targeted site but only in mice receiving NMO-IgG. We are 
investigating the molecular mechanism underlying direc-
tion of antibody to specific sites in CNS, whether events 
other than injury can trigger this, and the degree to which 
this can be generalized to other diseases such as multiple 
sclerosis. Although localization of antibody-mediated le-
sion pathology can be stochastic, our findings suggest that 
prior, possible subclinical events represent an important 
basis for patterns of disease in the CNS.

166 
Retinal inflammation in Neuromyelitis optica: 
primary axonal dysfunction/damage and loss of 
aquaporin-4  

Bleranda Zeka(1) - Maria Hastermann(1) - Nathalie 
Kaufmann(1) - Kathrin Schanda(2) - Marko Pende(3) - 
Tatsuro Misu(4) - Paulus Rommer(5) - Kazuo Fujihara(4) - 
Charlotte Dahle (6) - Fritz Leutmezer(5) - Markus Reindl(2) 
Hans Lassmann(1) - Monika Bradl(1)

Medical University Of Vienna, Department Of 
Neuroimmunology, Center For Brain Research, Vienna, 
Australia(1) - Innsbruck Medical University, Clinical Department 
Of Neurology, Austria, Innsbruck, Austria(2) - Medical 
University Of Vienna, Section For Bioelectronics, Center For 
Brain Research, Vienna, Austria(3) - Tohoku University Graduate 
School Of Medicine, Department Of Neurology, Sendai, 
Japan(4) - Medical University Vienna, University Hospital 
For Neurology, Vienna, Austria(5) - Linköping University, 
Department Of Clinical And Experimental Medicine, Faculty Of 
Health Sciences, Linköping6)

Neuromyelitis optica (NMO) is an inflammatory, 
astrocytopathic disease of the CNS. Pathogenic antibodies 
(NMO IgG) directed against the water channel aquaporin-4 
(AQP4) target astrocytes and cause complement-
dependent and antibody-dependent damage. Lesions are 
predominantly found in the optic nerves and spinal cord, 
however in some NMO patients also pathology in the eye 
has been observed. OCT studies revealed microcystic inner 
nuclear layer abnormalities and retinal nerve fiber layer 
(RNFL) thinning. This was considered as a secondary 
damage resulting from optic neuritis in the NMO patients. 
However, since astrocytes and Müller cells in the eye also 
express AQP4, we raised the question whether these cells 
could also be a primary target in NMO. We addressed 
this by inducing experimental NMO (ENMO) in Lewis 
rats via intraperitoneal injection of NMO IgG during 

AQP4-specific T cell-mediated experimental autoimmune 
encephalomyelitis (EAE). We found AQP4-specific T 
cells in the eyes, mainly in the optic nerve head and in the 
retina. At these sites, primary axonal dysfunction/damage 
was found, as indicated by beta amyloid precursor protein 
(b-APP) positive spheroids/end bulbs. This was observed 
independently of the presence of axonal dysfunction/
damage in the optic nerve, and also independently of the 
presence or absence of NMO IgG, which suggested that 
inflammation caused by AQP4-specific T cells may be 
associated axonal injury. In the presence of AQP4-specific 
T cells and NMO IgG, loss of AQP4 reactivity was seen 
in the outer plexiform layer. Cumulatively, these data 
suggests that the retina can also be a primary target of 
immune responses in NMO. 

177 
Astrocytes in Alzheimer’s disease: role of protein 
Kinase C 

Amitha Muraleedharan - Noa Rotem-Dai - Etta Livneh  
Alon Monsonego
The Shraga Segal Department of Microbiology and 
Immunology, Faculty of Health Sciences, Ben-Gurion 
University of the Negev, Beer Sheva, Israel-84105

Alzheimer’s disease (AD) is the most common age-relat-
ed neurodegenerative disorder. Aβ peptides, produced pri-
marily by neurons as a result of aberrant cleavage of amy-
loid precursor protein (APP) are considered a major cause 
for neurodegeneration in AD. Astrocytes play a key role 
in neuronal survival and homeostasis and their impact on 
AD progression is just beginning to be appreciated. Pro-
tein Kinase C (PKCs) were implicated in the activation of 
astrocytes in response to CNS injury or pathological con-
ditions. In this study, our aim was to determine the spatial 
distribution of PKCs in AD brain. We demonstrate that the 
novel PKCeta isoform is specifically expressed in astro-
cytes and is elevated in cortical astrocytes of brain tissue 
sections derived from AD mouse models and that PKCeta 
upregulation is correlated with disease progression. We 
also show that the active form of PKCeta (indicated by 
its phosphorylation) is increased in brain cell lysates as 
well as in adult astrocytic cultures from a mouse model 
of AD. Overall, our results provide evidence that reactive 
astrocytes expressing PKCeta may play a significant role 
in brain inflammation, which is evident in the AD brain. 
Better understanding of PKCeta signalling cascades may 
thus pave the way to new pharmacological interventions; 
to modulate signal transduction pathways affected in AD.
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208 
Use of toll-like receptor agonists for the 
development of experimental Myasthenia Gravis 
models with thymic hyperplasia. 

Marieke Robinet - Bérengère Villeret - Solène Maillard  
Sonia Berrih-Aknin - Rozen Le Panse
UMRS 974 UPMC - INSERM - FRE 3617 CNRS - AIM, Center 
Of Research In Myology, Paris, France

Myasthenia Gravis (MG) positive for anti-acetylcholine 
receptor (AChR) antibodies is very often associated with 
ectopic germinal center development (thymic hyperpla-
sia). Anti-AChR antibodies are also observed in the classi-
cal experimental autoimmune MG (EAMG) mouse model 
obtained by immunizations with purified torpedo AChR 
(T-AChR) but unfortunately mice do not display thymic 
abnormalities. We previously demonstrated that injec-
tions of Poly(I:C), a synthetic dsRNA mimicking viral 
infection, induce thymic changes (increased expressions 
of alpha-ACHR, interferon-beta, CXCL13 and CCL21 
leading to B-cell recruitment) and induce MG symptoms 
in C57Bl6 mice (Cufi et al. Ann. Neurol. 2013). In or-
der to develop an experimental MG model associated 
with thymic hyperplasia, we used Poly(I:C) in the EAMG 
model induced by T-AChR injections. We observed that 
Poly(I:C) strongly favored the development of MG as 
nearly all mice displayed MG symptoms just after the 
second T-AChR immunization. Nevertheless, we did not 
observe any thymic abnormalities. We next challenged 
mice for one week with Poly(I:C) together with other toll-
like receptor (TLR) agonists known to be involved in GC 
development and whose receptors were overexpressed in 
MG thymuses. Imiqimod that activates TLR7 signaling 
did not induce thymic changes. In contrast, LPS that ac-
tivates TLR4, potentiated Poly(I:C) effects and induced 
a huge expression of CXCL13 in the thymus associated 
with a higher recruitment of B cells. Further experiments 
are ongoing to determine if prolonged injections of LPS 
together with Poly(I:C) could lead to thymic GC devel-
opment as this model appears to better mimic the human 
pathology than the classical EAMG model. 

214 
Depletion of CD52+ cells inhibits the 
development autoimmune encephalomyelitis, 
but can block the induction of immunological 
tolerance: Implications for drug-induced 
secondary autoimmunity in MS 

Stephanie Von Kutzleben(1) - Gareth Pryce(1)  
Gavin Giovannoni(1) - Klaus Schmierer(1) - David Baker(1)

Blizard Institute, Queen Mary  University Of London, London, 
United Kingdom(1)

Multiple sclerosis is presumed to be a CD4, Th17-medi-
ated autoimmune, demyelinating disease of the central 
nervous system. However this concept is based on find-
ings in animal models, notably experimental autoimmune 
encephalomyelitis (EAE), rather than on evidence from 
human studies. Indeed CD4-depleting antibodies are per-
ceived to have failed in MS, thus questioning a T cell fo-
cus in disease control. However, as shown here when the 
levels of CD4-T cell deletion (~50-60%) were actually ti-
trated to achieve those obtained in MS trials, CD4 deplet-
ing antibodies failed in EAE also. However, CD4-specific 
antibodies were active at the levels of T cell depletion 
(>80%) obtained with alemtuzumab-induced, CD52 posi-
tive lymphocyte depletion in multiple sclerosis. A mouse 
CD52-depleting antibody inhibited relapse in EAE in spi-
nal cord-induced EAE in Biozzi ABH mice. However, the 
duration of unresponsiveness was transient. Interestingly, 
CD52-depletion blocked the induction of myelin-directed 
tolerance, which was induced by intravenous CNS anti-
gen administration, via a CD8 T cell-dependent mecha-
nism, as shown by disease development following CD8 T 
cell depletion. This contrasted with the robust unrespon-
siveness induced with intravenous CNS antigen admin-
istration following transient CD4 T cell depletion. Fur-
thermore, whilst there was T and B cell depletion in the 
blood induced with the CD52-depleting antibody, B cell 
depletion in the spleen was less affected. Should this oc-
cur in humans with multiple sclerosis, who have a genetic 
predisposition for autoimmunities, this may facilitate the 
rapid and hyper-repopulation of B cells within the blood 
occurring at a time when CD8 T cell regulation may be 
lacking and could thus be the substrate for the develop-
ment of several B cell autoimmunities that occur in MS, 
once T cell help may regenerate. 

215 
Autoantibody mediated T cell activation within 
the nervous tissue triggers CNS autoimmunity 

Fred Lühder - Anne-Christine Flach - Tanja Litke  
Judith Strauss - Francesca Odoardi - Alexander Flügel
Institute for Multiple Sclerosis Research and Neuroimmunology, 
University of Göttingen Medical Center, Göttingen, Germany

Multiple sclerosis (MS) is a T cell-mediated autoim-
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mune neuroinflammatory disease. It is known from ex-
perimental autoimmune encephalomyelitis (EAE), an 
animal model for MS, that myelin-reactive T cells initi-
ate the autoimmune process when entering the nervous 
tissue and become locally re-activated upon encounter 
of their cognate central nervous system (CNS) antigen. 
In fact, the manifestation and the severity of the clinical 
disease are dependent on the strength of the T cellular re-
activation process within the CNS tissue. Myelin-reactive 
B cells participate in the pathogenesis of CNS autoim-
munity. However, how exactly the B cells influence the 
disease process is still unclear. Using intravital 2-photon 
microscopy combined with molecular characterizations 
we tracked fluorescently labelled MOG-specific T and 
B cells during the course of EAE. We observed that in 
the presence of MOG-specific B cells CNS inflammation 
and the clinical disease of EAE were significantly accel-
erated and aggravated. Furthermore, B cells converted a 
subclinical course of EAE into a severe paralytic disease. 
Differently from earlier studies, these disease-promoting 
effects could not be attributed to the capacity of B cells to 
present antigen or to secrete pro-inflammatory cytokines. 
Rather, we found that MOG-specific antibodies produced 
by autoreactive B cells accounted for these effects. The 
autoantibodies diffused together with the first invading 
pathogenic T cells into the CNS and accumulated in resi-
dent antigen-presenting phagocytes. This concentration of 
the antibodies in the CNS phagocyte was accompanied 
by a significantly enhanced activation of the incoming ef-
fector T cells, a strong blood-brain barrier disruption and 
immune cell recruitment resulting in rapid manifestation 
of clinical disease. Importantly the observed effects could 
be fully reproduced by autoantibodies from patients suf-
fering from multiple sclerosis, underscoring the clinical 
relevance of the finding. Currently, we are elucidating 
the exact mechanisms at the cellular/molecular level by 
which MOG-specific antibodies interact with the CNS 
resident phagocytes. Our data indicate that autoantibodies 
can foster activation of CNS-reactive T cells within their 
immune-deprived target organ tissue and thereby initiate 
manifestation of clinical disease.

223 
The leptomeninges: a checkpoint to control T 
cell trafficking and function in the course of CNS 
autoimmunity 

Dmitri Lodygin - Christian Schläger - Henrike Körner  
Francesca Odoardi - Alexander Flügel
Institute For Multiple Sclerosis Research And 

Neuroimmunology, University Of Göttingen, Göttingen, 
Germany

In Lewis rat experimental autoimmune encephalomyeli-
tis (EAE), a model of multiple sclerosis (MS), initiation 
and severity of the disease are determined by in situ re-
activation of myelin-specific T cells mediated by menin-
geal phagocytes. As in the human disease, T cells not only 
spread into the CNS parenchyma but also are found in the 
cerebrospinal fluid (CSF). Whether these T cells represent 
a functionally distinct subpopulation was still unknown. 
We comprehensively characterized gene expression in ef-
fector T cells isolated from CNS parenchyma, leptomen-
inges, CSF and blood during the acute phase of transfer 
EAE and found that on the transcriptional level the only 
distinguishing signaling pathway for those compartments 
was the TCR-driven activation program. Interestingly, 
when stimulated with cognate antigen in vitro CSF-de-
rived T cells strongly proliferate, produce pro-inflamma-
tory cytokines and upon transfer into naïve rats readily 
induce EAE, indicating that CSF-derived effector T cells, 
apart from their distinct activation levels, represent a fully 
functional pathogenic T-cell population. Using a combi-
nation of histological analysis, flow cytometry and in-
travital multi-photon microscopy, we explored the paths 
that the effector T cells use to gain access to the CSF. We 
found that the spreading of effector T cells from the cho-
roid plexus by SCF flow is not required for an accumula-
tion of T cells in the spinal cord and induction of clinical 
disease. Instead, we observed effector T cells extravasat-
ing out of leptomeningeal vessels and being washed from 
their surface into the CSF. This process could be enhanced 
by blocking LFA-1 and VLA4 integrins or CCR5 and 
CXCR3 chemokine signaling, but also was more frequent 
for T cells unable to recognize CNS antigens presented 
by leptomeningeal antigen-presenting cells. In summary, 
the leptomeninges represent an anatomical checkpoint for 
T cell activation, licensing their entry into parenchyma, 
whereas non-activated T cells tend to be released into the 
CSF from where they can travel to remote areas of antigen 
availability and tissue damage.

234 
Regulation of the neuroprotective proteins 
ARNT2 and Npas4 modulates neuronal health 
and disease progression in models of MS 

Adam Yu - Tissa Rahim - Cheryl Whiting  
Jacqueline Quandt
University Of British Columbia, Department Of Pathology & 
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Several processes involving inflammatory cells, media-
tors, oxidative stress and other stressors are thought to 
contribute to both onset and progression of disease in 
multiple sclerosis (MS). In this regard, our previous stud-
ies involving a nitroxide radical affording both immuno-
modulation and neuroprotection warranted investigation 
to characterize specific neuroprotective pathways or pro-
teins involved.  
Neuronal PAS Domain Protein 4 (Npas4) and aryl-hydro-
carbon receptor nuclear translocator 2 (ARNT2) are basic 
helix-loop-helix (bHLH) proteins influenced by environ-
mental, developmental, or excitatory signals involved in 
several processes relevant to neuronal health, plasticity, 
and neuroprotective responses in health and disease. We 
found that Npas4 and ARNT2, as well as one of their pri-
mary downstream products brain derived neurotrophic 
factor (BDNF) are dysregulated in brain and spinal cord 
through onset and progression of experimental autoim-
mune encephalomyelitis (EAE), the prototypical model 
of MS. Expression of both factors increased during pre-
clinical disease, but dropped significantly at the onset and 
reached their lowest at peak disability. To identify factors 
that regulate expression of bHLH proteins in vitro we ap-
plied oxidative stress, excitatory stimuli, immune cells 
and inflammatory mediators to enriched neuronal, astro-
cytic and microglial cultures in vitro. Each drove rapid de 
novo Npas4 expression in neuronal cells at both the RNA 
and protein level. Constitutive neuronal ARNT2 levels 
were enhanced by 20-30% with exposure to mild oxida-
tive stress. Higher levels of oxidative stress significantly 
lowered ARNT2 expression which preceded losses in vi-
ability. In the spinal cords of healthy animals, ARNT2 
expression was restricted primarily to neurons. While the 
overall cord levels of ARNT2 dropped through disease 
progression and correlated with disability, ARNT2 was 
significantly increased both within lesions as well as in 
grey matter; this change was driven by intense astrocytic 
expression of ARNT2. 
Our findings represent the first to implicate the neuropro-
tective proteins Npas4 and ARNT2 in the pathogenesis of 
inflammatory neurodegeneration. Ongoing studies sug-
gest that each have fundamental roles in neuronal survival 
and health in response to a myriad of inflammatory stress-
ors. Our newly defined role for ARNT2 in influencing the 
function of glial and immune populations during EAE fur-
ther emphasizes bHLH proteins as a novel and promising 
target for intervention in the pathogenesis of MS.  

252 
Epilepsy and Microglial Dysregulation in CD39 
Deficient Mice 

Amanda Lanser(1) - Rafael Rezende(1) - Paul Lorello(1) - 
Huixin Xu(1) - Lauren Anderson(2) - Chris Dulla(2) 
Barbara Caldarone(1) - Harvard Weiner(1)

Harvard, Bwh, Boston, United States(1) - Tufts University, Tufts 
University, Boston, United States(2)

Extracellular ATP is a potent neurotransmitter that signals 
via ubiquitously expressed P2 receptors. Extracellular 
ATP is broken down to adenosine in a series of enzymatic 
reactions initiated by CD39, a suppressive molecule and 
ATPase expressed on the cell surface. Extracellular ad-
enosine produced by CD39 hydrolysis is anticonvulsant 
and opposes ATP signaling in most contexts. We observed 
idiopathic seizures in CD39-/- mice that had otherwise 
normal behavior and brain structure. Compared to wild 
type mice, CD39-/- mice had increased concentrations of 
ATP in the cerebral spinal fluid and normal levels of glu-
tamate and serotonin. Profiling experiments determined 
that microglia from LPS-treated CD39-/- mice were more 
activated than in wild type mice suggesting that CD39 
expression helps maintain microglia quiescence. These 
results suggest that extracellular ATP promotes epileptic 
activity and that CD39 expression dampens LPS-induced 
microglial activation and seizures in mice. These findings 
help explain the success of adenosine treatment and P2X 
receptor targeting in epilepsy patients and supports the 
further development these drugs. 

270 
Long-term cognitive decline and synaptic 
dysfunction due to severe pneumonia-induced 
neuroinflammation 

Flora Oliveira(1) - Tatiana Maron-Gutierrez(1) - Bruno 
Bergamini(2) - Alysson Roncally(2) - Patrícia Reis(1)

Patrícia Bozza(1) – Hugo Castro-Faria-Neto(1) - Fernando 
Bozza(1)

Fundação Oswaldo Cruz, Immunopharmacology, Rio De 
Janeiro, Brazil(1) - Federal University Of Rio De Janeiro, 
Respiratory Physiology, Rio De Janeiro, Brazil(2)

Background: The World Health Organization (WHO) de-
fines pneumonia as a lower respiratory tract infection and 
consider this pathology as the main cause of death in chil-
dren worldwide. Recently, many clinical studies described 
important long-term cognitive sequelae in patients who 
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survived from severe forms of pneumonia. The lack of ex-
perimental studies about cognitive decline in pneumonia 
turns imperative the development of clinical relevant mod-
els to help understand this sequelae. In this study we aimed 
to evaluate acute and long-term neurocognitive effects in 
a murine model of severe pneumonia. Material and Meth-
ods: C57BL/6 mice were submitted to intratracheal instil-
lation of Pseudomonas aeruginosa (PA). 6 and 24 hours 
later the bronchoalveolar lavage (BAL), the lungs and the 
brain were collected for cell migration, protein, myeloper-
oxidase, cytokine, western-blotting, thiol and histological 
analysis. Resistance and elastance data were collected by 
mechanical ventilation. The survival rate was observed 
during 7 days after stimuli. Cognitive damage was evaluat-
ed through the freezing test 13, 30 and 50 days after pneu-
monia induction. Results: Our results showed expressive 
neutrophils recruitment and myeloperoxidase levels in the 
lungs of PA infected mice. The animals showed a significant 
increase in resistence and elastance of the lungs, as well as 
pulmonary oedeme and high levels of cytokine IL-6 and 
chemokine KC in BAL. Histological analysis showed an 
intense cell infiltration in lung tissue and survival rate was 
significantly lower in PA infected mice. IL1beta, MCP-1 
and IL-6 levels were increased in the brain 24 hours after 
pneumonia induction. Infected animals showed also less 
thiol levels in the brain. We observed acute and long-term 
decrease in synaptic proteins. Infected mice had a loss of 
aversive memory 13 days after stimuli remaining 50 days 
later. Conclusion: We demonstrated acute and severe in-
flammatory response to PA lung infection and stablished 
that this pneumonia model causes irreversible cognitive 
impairment which can be associated with neuroinflam-
mation as well as acute and long-term synaptic lost. Our 
results reveal an experimental model for the study of neu-
ropathology associated to systemic inflammation.
Financial Support: CNPq, FAPERJ, Fiocruz

283 
Rosiglitazone role in sepsis encephalopathy of 
pneumonia origins 

Gabriel Gutfilen Schlesinger - Cassiano Felippe 
Gonçalves De Albuquerque - Patricia Alves Reis 
Fernando Augusto Bozza - Adriana Ribeiro Silva
Fiocruz, Oswaldo Cruz Institute, Rio De Janeiro, Brazil

Sepsis is the development of an infectious disease with 
the impaired inflammatory response. Even after patho-
gen clearance, the scenario may be set. Therefore, if not 
managed properly it can lead to shock, in worse cases to 

death. Since the eighties Intensive Care Units have im-
proved their treatment that mortality rates dropped down 
by 30% making it possible to study sepsis’s aftermaths. 
Most common sequelae are in the Urinary System and 
Central Nervous System, in which could be manifested 
from mood disorders, cognitive impairment or even com-
ma. In Alzheimer’s Disease models, Glitazones, PPAR-
gamma agonists; have shown their potential to reverse 
cognitive impairment, because of their anti-inflammatory 
feature when activated. The main goal of this study is to 
check if there is cognitive impairment in mice models of 
sepsis evolved from pneumonia and if with Glitazones 
treatment it was reverted or protection to the neuronal tis-
sue. We inoculated Klebsiella pneumonia, most common 
pneumonia etiological agent; intratracheally in healthy 
mice. After 5 hours, Rosiglitazone was administrated in-
traperitoneal and one hour later, antibiotics. 24 hours after 
infection, sepsis severity was evaluated by clinical scor-
ing, ranging from 0-11. Although there was no difference 
in the disease severity between the treated and non-treated 
group Rosiglitazone prevented septic shock   from wors-
ening. The sepsis severity and death rates were greater in 
male mice without the treatment, as the proinflammatory 
cytokines levels were higher in lungs compared with the 
treated group. We could not assess the cognitive impair-
ment in this individuals. As it was evaluated 15 days after 
(after infection, to avoid sickness behavior). There was 
no difference in biomarkers of the neural tissue between 
the groups. Whereas there was no change in the survival 
and severity rates, we could confirm cognitive deficits in 
the spatial memory between healthy and septic survivor 
mice. The treated group showed statistical tendency re-
garding neuroprotection, on this examination. Western-
blotting analysis of the hippocampus showed an increased 
expression of PSD95 and phosphorilated-p38 in infected 
non-treated mice. These findings should be associated 
with neuronal excitotoxicity triggered by MAPK P38 
pathways. Neurological alterations were found to be con-
nected with Klebsiella pneumonia induced pneumonia, 
and Rosiglitazone accomplished a neuroprotective role.

284 
Contactin-2/TAG-1 role in myelination and 
demyelination 

Domna Karagogeos - Maria Savvaki - Lida Zoupi 
Katerina Kalemaki - Ilias Kalafatakis
Medical School, University of Crete and IMBB-FORTH, 
Heraklion, Greece
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The molecular architecture of myelinated fibers and the 
specialized interactions between axons and myelinating 
glia are essential for axonal homeostasis and efficient 
nerve conduction. Contactin-2/TAG-1, a member of the 
immunoglobulin superfamily, is expressed by developing 
neurons, while in the adult CNS and PNS is expressed both 
by axons and glia. It is localized at the juxtaparanodal area 
of the myelinated fiber where it interacts with Caspr2 and 
the voltage gated potassium channels (VGKCs). We have 
shown that Contactin-2 is indispensable for the formation 
and the maintenance of the juxtaparanodal complex since 
its loss leads to Caspr2 and VGKC diffusion. Contactin-2 
deficient animals exhibit optic nerve hypomyelination and 
behavioral deficits. Contactin-2 was identified as an auto-
antigen in a subset of MS patients and is believed to be in-
volved in gray matter pathology. Here we investigate the 
role of Contactin-2 in oligodendrocyte development and 
myelination under normal and pathological conditions.  
We analyzed Contactin-2 deficient animals during the my-
elination process to see if it affects oligodendroglial num-
bers, morphology and myelin gene transcription by im-
munohistochemistry and real-time PCR. In parallel, using 
the cuprizone model of CNS demyelination, we asked if 
the absence of Contactin-2 affects oligodendroglial popu-
lations and disease progression.
Our data support that Contactin-2 loss results in a devel-
opmental delay of myelin genes expression, also affecting 
oligodendrocyte numbers, finally leading to hypomyelin-
ation in the cortex. Under demyelinating conditions, the 
absence of Contactin-2 affects mature oligodendrocyte 
and OPC recruitment to the lesions. Our results indicate 
an important role of Contactin-2/TAG-1 both in myelina-
tion and related pathology.

285 
Novel microneurotrophins contribute to 
oligodendrocytes survival and proliferation in the 
cuprizone model of de- and remyelination. 

Giulia Bonetto(1) - Ioannis Charalampopoulos(2) - Achilleas 
Gravanis(2) - Domna Karagogeos(1)

Medical School, University Of Crete And Imbb Forth, 
Neuroscience, Heraklion, Greece(1) - Medical School, University 
Of Crete And Imbb Forth, Pharmacology, Heraklion, Greece(2)

Neurotrophins, acting through the Trk and/or the p75NTR 
receptors, are able to regulate the regenerative capacity 
of the nervous system, participating in neuronal survival, 
differentiation and repair. These molecules have neu-
roprotective and neurogenic effects in various neurode-

generative diseases. Dehydroepiandrosterone (DHEA), a 
small endogenous neurosteroid that binds with high af-
finity to the NGF receptors (TrkA and p75NTR), exerts 
potent neuroprotective effects, inducing the expression of 
anti-apoptotic Bcl-2 proteins. However, DHEA is metabo-
lized to estrogens and androgens, affecting the endocrine 
system and increasing the risk for hormone-dependent 
tumors. BNN27, a 17-spiro analog of DHEA, exhibits 
strong neuroprotective properties, which are deprived of 
endocrine effects. We showed that BNN27 positively af-
fects the anti-inflammatory response and induces the acti-
vation of Treg lymphocytes in Experimental Autoimmune 
Encephalomyelitis (EAE), a mouse model resembling 
multiple sclerosis (MS). Our current aim is to examine the 
primary protective and/or restorative effect of BNN27 in 
central nervous system (CNS) populations. We used the 
cuprizone method of demyelination, an established rodent 
model characterized by the degeneration of the mature 
oligodendrocytes (OLs), where the process of de/re-my-
elination can be studied without the direct involvement of 
the adaptive immune system. Using immunohistochemi-
cal and morphological experiments, we found a signifi-
cantly decreased level of demyelination, astrogliosis and 
microgliosis in the BNN27-treated mice, compared to the 
control, accompanied by an increased level of mature oli-
godendrocytes. Based on these in vivo results our work-
ing hypothesis tests the possibility that BNN27, acting 
through TrkA and/or p75NTR receptors, is implicated in 
oligodendrocytes survival, which is one of the main pro-
cesses under study with the aim of improving therapeutic 
treatments of patients with MS.

338 
Addressing pivotal challenges in applied 
neuroscience: a knowledge center for reseaerch 
on brain diseases.

Hanna Rosenmann(1) - Tamir Ben-Hur(1) - Bernard Lerer(2)

Neurology, Hadassah – Hebrew University Medical Center, 
Jerusalem, Israel(1) - Psychiatry, Hadassah – Hebrew University 
Medical Center, Jerusalem, Israel(2)

Background: Highly prevalent brain disorders such as 
Alzheimer`s disease, stroke and depression profoundly 
impact longevity and quality of life with major socio-
economic consequences. Applied neuroscience, a rapidly 
growing biomedical research area, seeks safe and effec-
tive treatments and biomarkers for personalized use. The 
field demands resources that may not be available to aca-
demic researchers and biotechnology companies. Conse-
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quently, innovation may be stifled and opportunities lost. 
Provision of pivotal resources under a single organiza-
tional roof is an important priority.
Aim of presentation: To review key requirements for ap-
plied neuroscience research and present a Knowledge 
Center for Research on Brain Diseases supported by the 
Israel Ministry of Science.
Key requirements:(1) Transgenic, pharmacological, surgi-
cal and environmental models of brain disorders.(2) Out-
come measures that assess motor function, learning and 
memory, emotion, complex behaviors and social interac-
tion.(3) Brain imaging modalities, an essential complement 
to behavioral measures.(4) Neuropathological, biochemi-
cal, immunological and molecular outcome measures.(5) 
Careful attention to regulatory requirements and intellec-
tual property considerations.
Hadassah BrainLabs - Knowledge Center for Research on 
Brain Diseases offers the expertise of experienced neu-
roscientists in different fields to effectively plan studies 
and the facilities to perform the research. These include a 
wealth of animal models of neurological and psychiatric 
disorders, sophisticated behavioral outcome measures, ac-
cess to small animals MRI and Micro-PET and extensive 
auxiliary techniques. Important attributes of the Center 
are its strong clinical roots and the availability of consul-
tation in planning and implementing studies. The Center 
is open to researchers from academia, who will receive 
free consultation and discounted rates, and industry. Inno-
vative projects from young investigators are encouraged.

342 
Long lasting effect of mesenchymal stem cells 
treatment in BTBR autism model 

Nisim Perets
Felsenstein Research Medical Center, Beilinson Hospital, Petah 
Tikva, Israel

Background: Autism spectrum disorders (ASD) are neu-
rodevelopmental disabilities characterized by severe im-
pairment in social communication skills and cognitive 
flexibility. In neurological terms, autism is highly corre-
lated with increased inflammation and immune deficien-
cies (Vargas, et al, 2005). Mesenchymal stem cells (MSC) 
have shown the ability to decrease neuro-inflammation 
and benefit with brain functions (Vercelli et al., 2008). 
We have previously shown MSC can benefit autistic-like 
symptoms of the BTBR autism mice model when trans-
planted to the lateral ventricles of the brain (Segal-Gavish 
et al., 2015). In the current experiment we tested the long 

lasting effect of naive MSC and MSC that secrete neuro-
trophic factors (MSC-NTF cells).
Methods: BTBR male mice were transplanted with MSC 
(n=11) or with MSC-NTF cells (n=10) to the lateral ven-
tricles at ages of 6-8 weeks. For control, we used BTBR 
injected with DMEM (n=10). One and six months post 
operation, mice were analyzed by several behavioral tests 
and MRI.
Results: BTBR mice treated with human MSC or MSC-
NTF showed significant improvement in social test and 
reduced repetitive behaviors, as compared to the control 
group, observed after one and six month post transplanta-
tion (p < 0.01). Measuring the male to female ultrasonic 
vocalizations we found that MSC-NTF treated mice were 
significantly better than the control group, one and six 
month post treatment (p < 0.01), while the MSC-treated 
groups show high, yet non-significant, improvement one 
and six months post treatment. In reversal water T-maze 
exam, MSC-NTF were significantly better in first reversal 
trial (P < 0.05) but this improvement was not seen after 6 
months and was not seen for MSC treated mice. 
Eight months post treatment differences could be seen 
in diffusion tensor MRI (DTI) analysis, between MSC 
treated and control group in the hippocampus, striatum 
and cerebellum while MSC-NTF had significant changes 
in superior cerebellar peduncle compared to the control 
group. Immunostainings for KI67 revealed higher hippo-
campal proliferation at both MSC and MSC-NTF groups 
compared to control.
Conclusions: One injection of either MSC or MSC-NTF 
improved the autistic-like symptoms of BTBR mice. 
Some of the behavioral benefits were seen long after the 
transplantation, suggesting irreversible changes that espe-
cially benefit the social behaviors. 
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343 
Introduction of anti-inflammatory and glutamate 
uptake genes reduces the neuronal damage in 
mouse model of focal ischemia 

Ariel Angel - Lior Molcho - Tali Ben-tzur - Yael Barhum 
Adi Egozi - Daniel Offen
Felsenstein Research Medical Center, Tel Aviv University, Petah 
Tikva, Israel

Background: Research into stroke is still fueled by frus-
tration over the shortcomings of available therapeutics.  
The targeting of a single aspect of this multifactorial-
multisystemic disease might contribute to the therapeutic 
limitations. In an attempt to overcome this, we devised a 
novel multifactorial-cocktail treatment, using lentiviruses 
encoding EAAT2, GDH2 and NRF2, that act synergisti-
cally to address the effected excito-oxidative axis, thereby 
reducing extracellular-glutamate and glutamate avail-
ability while improving the metabolic state and the anti-
oxidant and anti-inflammatory responses. This strategy 
has yielded impressive results in various animal models 
of neurodegenerative diseases. Here, we used the vaso-
constrictor Endothelin-1 (ET-1) to induce focal ischemia 
in rodent as a preclinical model of stroke. Animals in this 
model, display significant long-term neurological deficits, 
associated with excitotoxicity, inflammatory response and 
oxidative stress.
Methods: Mice were intrastriatally injected (unilaterally) 
with lentiviruses carrying NRF2, GDH2 and EAAT2 
genes or with GFP as control. Focal ischemic injury was 
induced by the injection of ET-1 into the striatum 48 h 
later. Behavioral tests were performed in order to measure 
motor function.
Results:  The evaluation of motor asymmetry by elevated 
bridge and cylinder tests, showed motor deficits two days 
following ET-1-induced ischemia. However, injection of 
the viral vectors carrying the NRF2, GDH2 and EAAT2 
genes, demonstrated marked improvements in motor func-
tion two days following ET-1 stroke induction. In the el-
evated beam test, we observed a 20% decrease in the time 
spent crossing the beam (7.9 secs in the three-genes group 
vs. 9.9 secs in the GFP group, p,<0.05) which was very 
similar to the performance of the unlesioned mice group 
(7.6 secs). Similarly, we also observed an improvement in 
the cylinder test and the treated mice demonstrated almost 

normal symmetric behavior.
Conclusion: Our findings suggest that this combined gene 
therapy approach might be beneficial for stroke patients.

344 
Altered astrocytic response to activation in 
SOD1(G93A) mice and its implications on 
amyotrophic lateral sclerosis pathogenesis. 

Chen Bankler - Tali Ben-tzur - Yael Barhum  
Daniel Offen
Felsenstein Research Medical Center, Tel Aviv University, Petah 
Tikva, Israel

Amyotrophic Lateral Sclerosis (ALS) is a fatal, rapidly 
progressive, neurodegenerative disease caused by motor 
neuron degeneration. Despite extensive efforts, the un-
derlying cause of ALS and the path of neurodegeneration 
remain elusive. Astrocyte activation occurs in response to 
central nervous system (CNS) insult and is considered a 
double edged sword in many pathological conditions. We 
propose that reduced glutamatergic and trophic response 
of astrocytes to activation may, over time, lead to accumu-
lative CNS damage, thus facilitating neurodegeneration. 
We found that astrocytes derived from the SOD1(G93A) 
ALS mouse model exhibit a reduced glutamatergic and 
trophic response to specific activations compared to their 
wild-type counterparts. Wild-type astrocytes exhibited a 
robust response when activated with lipopolysaccharide 
(LPS), G5 or treated with ceftriaxone in many parameters 
evaluated. These parameters include increased expression 
of GLT-1 and GLAST the two major astrocytic glutamate 
transporters, accompanied by a marked increase in the as-
trocytic glutamate clearance and up-regulation of neurtro-
phic factor expression. However, not only do un-treated 
SOD1(G93A) astrocytes take up glutamate less efficient-
ly, but in response to activation they show no further in-
crease in any of the glutamatergic parameters evaluated. 
Furthermore, activation of wild-type astrocytes, but not 
SOD1(G93A) astrocytes, improved their ability to pro-
tect the motor neuron cell line NSC-34 from glutamate 
induced excitotoxicity. Our data indicates that altered as-
trocyte activation may well be pivotal to the pathogenesis 
of ALS.

351 
History doesn’t repeat but it rhymes: Lessons 
from Spanish Flu virulence determinants 
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The Spanish Influenza caused the worst pandemic in his-
tory with 30-50 million deaths. A virus [A/South Caroli-
na/1/18 H1N1 (Sp)] generated based on genomic sequenc-
es obtained from pandemic fatalities is highly virulent in 
mice, ferrets and non-human primates, through primarily 
severe lung inflammation similar to ARDS that was re-
ported in pandemic patients. However, Spanish Influenza 
is also suspected to be the connected to Encephalitis Le-
thargica and both seasonal, pandemic and high virulence 
strains can cause meningo-encephalitis.
The hemagglutinin (HA) segment, which encodes the vi-
ral envelope glycoprotein HA, was identified as the main 
virulence determinant for Sp. HA is split into two struc-
tural/functional regions, HA1 and HA2, which regulate 
receptor binding and cell membrane fusion, respectively.
Using HA1/HA2 chimeras between Sp HA and several low 
virulence strains, we found that HA1 is the main determi-
nant in mice, although Sp HA2 is required for full virulence. 
Mutagenesis studies identified several residues in HA1 and 
HA2 that may be required for correct protein folding and 
subsequent functions, based on HA crystal structure. 
We also found that Sp HA lacks several N-glycosylation 
sites found in seasonal influenza which may be related to 
innate immunity escape, especially from defensins – hu-
moral lectins that neutralize HA by binding to glycosyl-
ation. The lack of N-glycosylation sites may be advan-
tageous early in a pandemic when the population  lacks 
anti-HA antibodies, but has standard humoral innate ar-
senal. However, as the population becomes more exposed 
to the virus and antibodies become prevalent, viruses are 
forced to gain N-glycosylation to mask neutralizing epi-
topes.
These virulence determinants are rarely found in human 
H1 isolates , but common in avian and swine H1 strains. 
Furthermore, the lack of N-glycosylation in Sp was also a 
common feature of swine and other high virulence human 
isolates, such as pandemic 2009 H1N1 Mexico isolates. 
Even the pandemic and seasonal H3N2 isolates show the 
same low/high N-glycosylation pattern. The low N-glyco-
sylation in swine may be related to the fact that some pig 
defensins are more efficient at neutralization.
Although these residues are insufficient for virulence 

transfer, indicating that complex interactions are involved, 
these findings are a first step in deciphering the virulence 
behind the most dangerous human influenza, which could 
be useful in pandemic preparedness, rapid diagnosis and 
therapy.

352 
Immunization against MIP3α may confer 
protection against multiple sclerosis. 

Michal Abraham(2) - Arnon Karni(3) - Amnon Peled(1, 2)

Goldyne Savad Institute of Gene Therapy, Hebrew University 
Hospital, Jerusalem, Israel(1) - Biokine Therapeutics Ltd, Ness 
Ziona, Israel(2) - Neuroimmunology Laboratory, Department 
of Neurology, Tel Aviv Sourasky Medical Center, Tel Aviv 
University, Tel Aviv, Israel(3)

Multiple sclerosis (MS) is a chronic inflammatory 
and neurodegenerative disease of the CNS in which 
inflammation foci are associated with demyelination, 
oligodendrocyte death, axonal injury and neuronal 
loss. Dysregulated or detrimental immune reactions 
play a major role in the disease establishment. Specific 
chemokines and their receptors have been implicated 
in pathological process Distinct chemokine/chemokine 
receptors characterize specific types of immune responses: 
CXCR3, CCR1 and CCR5 are characteristic of Th-1 type 
immune response while CCR4, CCR10 and CCR3 are 
characteristic of Th-2 type immune response. Th-17 type 
immune response is linked to IL-17 and CCR6 / CCL20.   
Macrophage Inflammatory Protein-3 (MIP3α), also re-
ferred to as chemokine (C-C motif) ligand 20 (CCL20), 
liver activation regulated chemokine (LARC) or exo-
dus-1, is a 9 kDa member of the CC chemokine family. 
MIP3α is the sole chemokine ligand of its receptor CCR6. 
Under pathological conditions, MIP3α expression has 
been described in a variety of human neoplasms, and play 
a crucial role in the development of several autoimmune 
diseases such as arthritis, inflammatory bowel disease and 
psoriasis. 
We found that CCR6/CCL20 axis is essential for the de-
velopment of encephalomyelitis (EAE). Immunization of 
mice with human MIP-3α produces antibodies which are 
cross reactive with endogenous murine MIP-3α. Interest-
ingly, immunization with the complete freund’s adjuvant 
(CFA) bacterial antigens derived from Mycobacterium 
tuberculosis (TB) also induced antibodies that bound to 
mMIP-3α. Furthermore, vaccinating of mice with hMIP-
3α break the tolerance against murine MIP-3α and protect 
mice from the development of MOG35-55 induced EAE 
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in C57BL/6 mice. Similarly, vaccination with CFA also 
protects mice from EAE as opposed to vaccination with 
incomplete freund’s adjuvant (IFA) without the TB. The 
average EAE clinical scores were: in control EAE mice 
= 3.16, vaccinated with IFA = 3.045, vaccinated with IFA 
+ 1 mg hMIP-3α = 1.85, vaccinated with CFA = 0.475, 
vaccinated with CFA + 1 mg hMIP-3α = 0. The protective 
effect could be adoptively transferred by administration of 
sera from hMIP-3α immunized mice into non-immunized 
mice with an ongoing EAE disease. Transfer of sera from 
immunized mice on day 15 reduced the severity of the 
disease. The average clinical score ± S.D (days 15-32) 
in the transferred mice was 2.58 ± 0.25 vs. 4.14 ± 0.18 
in the control EAE mice.  Using bioinformatic tools, we 
were able to identify a novel and advantageous peptide 
sequences, comprising an epitope conserved among bac-
terial capsular outer membrane protein A of Enterobacte-
riaceae, Shigella flexneri, Klebsiella pneumoniae Rhino-
scleromatis and Escherichia coli (ompA) that contain a 
homology sequence to the human MIP-3α and that cross 
react with mammalian MIP-3α. Immunization of mice 
with ompA, protected mice from development of EAE 
and induce antibodies against mMIP3a.
In support to our finding in mice, we also found a signifi-
cantly higher level of autoantibodies against MIP3a in sera 
of healthy individual (n=42) as compared to MS patients 
(n=103) (titer of 0.37±0.08 in the control vs. 0.22±0.04 in 
MS patients, p=0.03). Importantly, the difference in the 
amount of anti hCCL20 were even more significant when 
we compare the average titer between control and MS un-
treated patients (n=43, p<0.01).
We conclude that naturally or induced antibodies against 
MIP-3α (CCL20) may confer protection against autoim-
mune disease such as MS. We speculate that during our 
early life the exposure to pathogens may confer autoan-
tibodies to CCL20 and provoke protection against the 
development of MS, probably by preventing Th-17 medi-
ated activity.

359 
Cross tolerance: Embryonic heat conditioning 
induces immune tolerance 

Tali Rosenberg(1, 2) - Tatiana Kisliouk(2) - Noam Meiri(2)

The Robert H. Smith Faculty of Agriculture, Food and 
Environment, the Hebrew University of Jerusalem, Rehovot, 
Israel(1) - Institute of Animal Science, ARO, The Volcani Center, 
Bet Dagan, Israel(2)

Heat acclimation is a conserved response to ambient high 

temperature, involving reduction of body temperature 
(Tb), as well as lower expression of heat stress genes such 
as heat shock protein 70 (HSP70). In addition, there is 
also reduced activation of the hypothalamic pituitary axis 
(HPA), manifested in lower blood corticosterone and re-
duced mRNA expression of corticosterone releasing hor-
mone (CRH).
Heat conditioning was recorded to convey not only heat 
tolerance but also neuro-protection during ischemia and 
cardio-protection, reducing blood pressure, and insulin 
resistance in obesity models.
Recently Inter-leukin6 (IL6) mRNA expression was re-
ported to change during exposures to ambient high tem-
perature. These changes are introduced via heat shock 
transcription factor 3 (HSF3) binding to heat shock re-
sponsive elements in the IL6 promoter.
Embryonic heat conditioning (EHC), is a paradigm that 
exposes chick embryos to high temperature in 12 hours 
intervals, during their incubation, rendering the hatched 
chicks heat tolerant. 
Since heat conditioning induces cross tolerances, and 
IL6 expression is affected by changes in temperature, we 
hypothesized that the EHC model could induce immune 
cross tolerance. Moreover, since the hypothalamus is a 
key player in homeostasis regulation, we postulated that 
the immune tolerant effect will include the hypothalamus. 
To this aim we injected salmonella lipopolysaccharide 
(LPS) to the third ventricle of EHC chicks as well as con-
trol chicks, and measured their Tb. Anterior hypothalamus 
including the arcuate nucleus was removed, and following 
RNA production and reverse transcription, mRNA expres-
sion of the following markers was measured using real 
time quantitative polymerase chain reaction (qPCR): toll 
like receptor 4 (TLR4), tumor necrosis factor alpha (TNF 
alpha), IL6, and nuclear factor kappa-light-chain-enhanc-
er of activated B cells (NF kappa B). 
We found that while LPS injections induces a febrile re-
sponse both in the EHC chicks, and their controls, EHC 
chicks present significantly reduced febrile response. 
EHC chicks also present lower baseline mRNA levels of 
TLR4, TNF alpha, and IL6. IL6 mRNA expression re-
mained significantly lower in the EHC group 2 hours fol-
lowing LPS injection
Taken together, we believe that this heat conditioned im-
mune cross tolerant phenomena is interesting and can 
contribute to the study of CNS inflammation during de-
pression and anxiety disorders, as well as neurodegenera-
tive diseases.
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366 
The function of pain associated fibers in MOG 
induced EAE: 

Isaac Levi(1) - Lena Finkelshtein(1) - Hagar Sonego(1) 
Ayelet Weksler(1) - Ilana Tsetsarsky(1) - David Castel(2)  
Sigal Meilin(1)

Md Biosciences Innovalora, Neuroscience, Ness Ziona, Israel(1) 
Sheba Medical Cener, Tel Aviv U., Tel Aviv, Israel(2)

In addition to progressive paralysis and the formation of 
white matter plaques, multiple sclerosis (MS) is often 
associated with prominent secondary symptoms such as 
pain.   Myelin Oligodendrocyte Glycoprotein (MOG35-
55) induced experimental autoimmune encephalomyelitis 
(EAE) model has been used for the study of MS for de-
cades. In this model, the gradual loss of motor function 
is evaluated by scoring the paralysis level of the tail and 
each leg separately. Higher score means less motor func-
tion. Yet, very little is known about the activity of the sen-
sory nervous system. 
In order to assess the activity of the sensory nervous sys-
tem in awaked MOG induced EAE animals we used the 
neurometer apparatus. This is a neurodiagnostic device 
that painlessly evalutes the functioning of small unmyl-
enated (C), small myelinated (A lambda) and large my-
elinated (A beta) sensory nerve fibers at cutaneous site. 
Study design briefly:  at different time-points following 
induction of the disease, 2 electrodes were connected to 
the animal’s tail. A stimulating electrode was connected 
to the proximal end of the tail and a recording electrode 
was connected to the distal end of the tail. Pulses were 
applied using the frequency to mimic the frequency of 
the 3 sensory fibers (myelinated A-delta and A-beta, and 
non-myelinated C fibers). The pulses are applied until the 
animals express discomfort with vocalization. The vocal-
ization stops the stimulation. 
Our data show that 20% of the animals experienced mo-
tor dysfunction (mean group clinical score: 0.3±0.21 
points) already on study day 11. On study day 20 all ani-
mals showed motor dysfunction (mean group 4.10±1.07 
points). As the disease progressed the clinical score in-
creased and on study day 35 the mean group clinical score 
was 10.64±1.05 points on a scale of 0-15 points.   How-
ever, no changes in the animals’ sensation was detected 
until day 29. A slight, yet statistically significant, decrease 
in the animal’s sensitivity to the 5Hz (non-myelinated C 
fibers) was recorded on day 29 and at the end of the study 
(day 36) (Day 29: 0.602±0.069; Day 36: 0.662±0.064 vs. 
no disease: 0.345±0.0310; p<0.01).  On study day 36 a de-
crease in the sensitivity of the animals to higher frequency 

stimuli was also recorded.
This data shows, for the first time, that MOG induced ani-
mals do not lose their sensory nerve function until very 
late stages of the disease. The data suggest dissociation 
between motor dysfunction and sensory dysfunction. This 
method enables the study of the sensory nerve fibers in 
EAE animals. 

369 
Pharmacologically inhibiting soluble TNFa 
signaling mitigates autonomic dysreflexia after 
complete high thoracic spinal cord injury  

Eugene Mironets(1) - Shaoping Hou(1) - John Bethea(2) - 
Patrick Osei-owusu(3) - Veronica Tom(1)

Drexel University College Of Medicine, Neuroscience, 
Philadelphia, United States(1) - Drexel University, Biology, 
Philadelphia, United States(2) - Drexel University College Of 
Medicine, Pharmacology And Physiology, Philadelphia, United 
States(3)

The leading cause of mortality and morbidity in patients 
with spinal cord injury (SCI) is cardiovascular disease. A 
major cause of this is SCI-induced autonomic dysfunc-
tion that results in autonomic dysreflexia (AD), a serious 
and potentially life-threatening syndrome that develops in 
people with SCI above thoracic spinal level 6 (T6).  AD 
is characterized by episodes of extreme, sudden bouts of 
hypertension often accompanied by bradycardia that are 
triggered by a noxious stimulus below the level of inju-
ry, such as expansion of the bladder or constipation. We 
hypothesized that inflammation mediated by the soluble 
form of the pro-inflammatory cytokine tumor necrosis fac-
tor a (sTNFa) in tissue below the injury plays a key role in 
plasticity associated with the development of AD. To test 
this, we completely transected the spinal cord in adult rats 
at T3, an injury model that reliably results in AD. Some 
animals continuously received XPro1595, a biologic that 
inhibits soluble TNFa signaling, intrathecally while oth-
ers received saline. All rats had radiotelemeters implanted 
into the descending aorta to measure blood pressure (BP) 
and heart rate (HR). At 2, 3 and 4 weeks post-injury, we 
continuously recorded hemodynamics over a 24-hour pe-
riod. Using a combination of established algorithms, we 
detected spontaneously occurring AD events during the 
recording period. Preliminary data suggest that, com-
pared to saline-treated animals (N=9), the XPro1595-
treated animals (N=10) had significantly fewer spontane-
ously elicited AD events and a less dramatic increase in 
BP per event. At the same timepoints, we also assessed 
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changes in BP and HR during and after colorectal disten-
sion (CRD), a well-established method to experimentally 
trigger AD. Compared to saline-administered animals, 
XPro1595-treated animals exhibited smaller spikes in 
BP during CRD and shorter times to return to basal BP 
after CRD, implying diminished AD severity. We also 
sought to determine if administration of XPro1595 to the 
spinal cord to mitigate AD improves function of periph-
eral vasculature using a pressurized ex vivo preparation 
to assess function of mesenteric arteries harvested from 
naïve, T3 SCI + saline or T3 SCI + XPro1595 animals. We 
found XPro1595 treatment significantly diminished SCI-
induced vessel hyper-responsiveness to the vasopressor 
phenylephrine. Lastly, we found that XPro1595-treated 
animals have significantly less microglial reactivity and 
sprouting of nociceptive primary afferents in lumbar cord 
than saline animals, providing some mechanistic insight. 
Collectively, these data indicate that sTNFa plays a criti-
cal role in the development of AD after SCI. Moreover, 
we found that pharmacologically inhibiting sTNFa signal-
ing locally within the spinal cord also improves peripheral 
vascular function, thus elucidating a potential prophylac-
tic treatment to diminish cardiovascular disease after SCI. 

370 
Brain inflammation and cognitive impairment in 
WT mice mediated by C1 inhibitor  

Dorit Farfara - Emily Feierman - Erin Norris - Sidney 
Strickland
The Rockefeller University, Neurobiology & Genetics, Ny, 
United States

Hereditary angioedema (HAE) is an autosomal dominant 
disease, caused by lack of one allele of Serping1 (Type 
1) or functional impairment of the protein C1 inhibitor 

(C1INH) (Type 2). HAE is characterized by activation of 
the contact system leading to acute inflammation and re-
current episodes of edema of the skin or the mucosa of the 
gastrointestinal tract or upper respiratory system. Cases 
of cerebral edema in HAE patients were reported. C1INH 
was first discovered to inhibit the initiation step of the 
complement system towards inflammation. It was later 
identified as the primary regulator of the contact system 
activation, through factor (F) XIIa and bradykinin, and 
the coagulation pathway through FXI, thrombin, plasmin, 
tPA, and fibrin. The activation of these pathways can trig-
ger a toxic response, which includes activation of immune 
cells, secretion of pro-inflammatory cytokines, vascular 
permeability and cell damage. Administration of C1INH 
was proven to be protective in different animal models of 
peripheral inflammatory conditions such as experimental 
pancreatitis, colitis, and thermal trauma. In the brain, acute 
administration of C1INH has recently been shown to have 
neuroprotective roles and attenuates ischemia, traumatic 
brain injury and traumatic spinal cord injury. However, 
the molecular mechanisms are largely unknown. To fur-
ther study the physiological role of C1INH, we reduced 
the expression of peripheral C1INH using antisense oligo-
nucleotide (ASO) technology in wildtype (WT) mice. In-
terestingly, lowering the peripheral expression of C1INH 
resulted in impaired cognition. Plasma from C1INH 
ASO-treated WT mice showed highly activated contact 
and coagulation systems and increased bradykinin protein 
expression. Brains from these mice had elevated expres-
sion of bradykinin receptor 1 and the neuro-inflammatory 
markers, IL-1beta, IL-6, and TNF-alpha. These results 
suggest a critical role of peripheral C1INH in mediating 
brain inflammation and cognition in WT mice via the con-
tact system and the coagulation pathway. Thus, regulat-
ing peripheral levels of C1INH as an anti-inflammatory 
and BBB permeability mediator might be considered as a 
therapeutic target in neuro-inflammatory disorders.

76 
Fingolimod effects on monocyte microvesicle 
shedding in Multiple Sclerosis  

Antonella Amoruso(1) - Maria Blonda(1) - Roberta Grasso(1) 
Valeria Di Francescantonio(1) - Carlo Avolio(1)

Dept. Of Medical And Surgical Sciences, University Of Foggia, 
Foggia, Italy

Background. Microvesicles (MVs) are a recently de-

scribed way of intercellular communication that has been 
implicated in a number of biological processes, including 
neuroinflammation. MV shedding is a process induced 
by the ATP receptor P2X7 expressed on immune cell es-
pecially of the myeloid lineage and it is associated with 
rapid activation of acid sphingomyelinase (A-SMase) and 
with inflammatory cytokine IL-1b release. Our previous 
data showed that monocytes from Multiple Sclerosis (MS) 
express P2X7R and that Glatiramer Acetate reduces such 
expression. Evidences indicate that the immunomodulator 

MS immunotherapy: Old and new players (from the bench to bedside)
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drug Fingolimod, a treatment approved for MS, inhibits 
A-SMase. 
Aims. In this study, our aims were to investigate the release 
of MVs in P2X7R-stimulated peripheral blood monocytes 
from MS patients and healthy donors (HDs) and to evalu-
ate how Fingolimod may affect such production and the 
A-SMase activity. Methods. We enrolled twenty-two MS 
patients. Eleven of them started assuming Fingolimod. Pu-
rified monocytes from PBMCs were isolated from venous 
blood samples after 12 months of treatment. MVs were 
evaluated by fluorimetry. A-SMase activity was deter-
mined using Amplex Red sphingomyelinase assay. P2X7R 
and IL-1b expression were quantified by qRT-PCR. Ten 
HDs were also included in the study. 
Results. We found that 1) Fingolimod reduced MV pro-
duction. The mean fluorescence value (amount of shed 
vesicles) was higher in MS compared with HDs (p=0,01) 
and Fingolimod treated patients (p<0,0001) and this was 
evident in unstimulated but not in BzATP stimulated 
monocytes. Consistently, BzATP stimulus incremented 
MV production compared with unstimulated conditions in 
HDs (p<0,05) and Fingolimod (p<0,005) patients but not 
in MS, as if MS monocytes were highly stimulated per se 
and further stimulus did not modify their status. 2) P2X7R 
expression was higher in MS, even if not statistically sig-
nificant and Fingolimod treatment did not reduce P2X7R 
expression. 3) Fingolimod clearly reduced A-SMase activ-
ity (p<0,05) upon BzATP stimulus if compared to MS and 
was also able to reduce IL-1b expression. Conclusions. 
Our preliminary data suggest that unstimulated monocytes 
from MS patients produce vesicles in a higher amount than 
controls and BzATP, mimicking an inflammatory stimulus, 
induces a strong vesicle shedding only in HDs if compared 
to non inflammatory conditions. Treatment reduces vesicle 
production, A-SMase activity and IL-1b expression.

77 
Multiple Sclerosis treatments affect monocyte 
derived microvesicle production. 

Maria Blonda(1) - Antonella Amoruso(1) - Roberta Grasso(1) 
Valeria Di Francescantonio(1) - Carlo Avolio(1)

University Of Foggia, Dep. Of Medical And Surgical Sciences, 
Foggia, Italy(1)

Background. Microvesicles (MVs) are small vesicles 
which bud directly from the cell plasma membrane and are 
released into the extracellular environment by a variety of 
cells in physiological conditions  and in higher amount upon 
cellular activation. Evidences indicate that the rate of MV 

shedding is strongly increased in immune cells, especially 
of the myeloid lineage, upon stimulation with ATP on its 
cognate receptor P2X7. We previously showed that Glat-
iramer Acetate reduces P2X7R expressed on monocytes 
from Multiple Sclerosis (MS) patients. Aims. To study 
the release of MVs in P2X7R-stimulated peripheral blood 
monocytes from MS patients and healthy donors (HDs) 
and to see how current immunomodulatory treatments with 
a different mechanism of action may affect such a produc-
tion. Methods. 17 MS patients were selected. 14 of them 
started assuming treatment, 9 IFNB, and 5 Teriflunomide. 
Venous blood samples were obtained at baseline and after 
2, 6 and 12 months of treatment in order to obtain puri-
fied monocytes from PBMCs to be stimulated with BzATP. 
Shedding vesicle production was evaluated by fluorimetry. 
To study monocyte M1 and M2 subtypes, IL-1beta, TN-
Falpha, IL-6, IL-18 and Arg1, CCl22, CHI3L1, IL-10 re-
spectively other than P2X7R expression were quantified 
by qRT-PCR. Six patients receiving Fingolimod were also 
evaluated only at 12 months of treatment. Sixteen HDs 
were then included in the study and similarly investigated. 
Results. The amount of shed vesicles was higher in MS 
compared with HDs (p<0.05) in unstimulated and not in 
BzATP stimulated monocytes. BzATP stimulus increased 
consistently (p<0.001) vesicle production compared with 
unstimulated conditions in HDs and only slightly in MS 
(p<0,05). In MS, all treatments reduced vesicle production 
(p=0.001). We observed a higher (p<0.05) expression of 
M2 markers in MS. IFNB and Fingolimod treatments re-
duced IL-1beta, Arg-1 and CHI3L1 only, while Terifluno-
mide all marker expression and P2X7R expression. Only 
IFNB was able to induce IL-10 expression. Conclusions. 
Monocytes from MS patients produce vesicles per se in 
higher amount than controls and BzATP, mimicking in-
flammatory stimulation, induces a strong vesicle release 
only in HDs if compared to non inflammatory conditions. 
All treatments reduce vesicle production. M2 monocytes 
prevail in MS and therapies may modulate both M1 and 
M2 markers. This is strongly evident for Teriflunomide, 
probably because of its immunosuppressive properties.   

82 
Involvement of HCAR2-triggered pathways in 
dimethyl fumarate effect on immune and other 
cells 

Benedetta Parodi(1) - Nicole Kerlero De Rosbo(1) - Antonio 
Uccelli(1)

Neuroimmunology Unit - Department Of Neuroscience, 
University Of Genoa, Genoa, Italy(1)
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Dimethyl fumarate (DMF), a fumaric acid ester with 
immunomodulatory properties, was recently approved as 
treatment for relapsing-remitting multiple sclerosis (MS). 
DMF ameliorates the clinical course of experimental 
autoimmune encephalomyelitis (EAE), the murine model 
of MS, where it exerts a neuroprotective action. Recently, 
we demonstrated  that  monomethyl fumarate (MMF), the 
bioactive metabolite of DMF, modulates the activation of 
microglia towards an alternatively activated phenotype, 
thereby favoring neuroprotection, through the activation 
of the hydroxycarboxylic acid receptor 2 (HCAR2). In 
particular, we observed that such modulation occurs 
mainly through a novel signaling pathway triggered by 
MMF binding to HCAR2, which leads to an increase 
in intracellular Ca2+ concentration, with downstream 
signaling via the AMPK/Sirt1 axis, to inhibit the NF-kB 
pathway and the consequent expression of inflammatory 
cytokines. Since increasing evidence associates signaling 
through HCAR2 in macrophages and dendritic cells 
with an anti-inflammatory phenotype, we hypothesized 
that DMF can exert its effect also in these cells through 
the activation of the AMPK/Sirt1 axis. Our preliminary 
data demonstrate that MMF inhibits lipopolysaccharide-
induced macrophage activation by significantly reducing 
the expression of Tnf, Nos2 and Il1b, typical markers of 
M1 phenotype. Our ongoing Western blot experiments 
focus on understanding if MMF signals through this novel 
HCAR2-mediated pathway in these cells, or through the 
inhibition of the other HCAR2-dependent pathway where 
the activation of ERK1/2 MAP kinase is associated with 
the prostaglandin D2/flushing pathway. 
Since HCAR2 is also the receptor for butyrate, a short-
chain fatty acid produced by the gut flora that possesses 
anti-inflammatory properties, we speculate that the intes-
tinal side effects associated with DMF treatment might 
be associated with competition of MMF with butyrate for 
HCAR2 signaling. Accordingly, as HCAR2 signaling is 
tissue-dependent and ligand-biased, we seek to demon-
strate that MMF would signal in intestinal cells through 
the prostaglandin D2/flushing pathway leading to inflam-
mation, whereas butyrate, which blocks LPS-induced NF-
kB activation in colonic cells, would signal through the 
novel signalling pathway via the AMPK/Sirt1 axis. Ex-
periments are ongoing to investigate this possibility. 

160 
Haematopoietic stem cell transplantation for 
relapsing remitting multiple sclerosis. Long-term 
follow-up data from two Swedish centra. 

Andreas Tolf(1) - Sara Nilsson(2) - Ellen Iacobaeus(3)  
Fredrik Piehl(3) - Hans Hägglund(4) - Kristina Carlson(4)  
Joachim Burman(5)

Department Of Neuroscience, Uppsala University, Uppsala, 
Sweden(1) - Faculty Of Medicine, Uppsala University, Uppsala, 
Sweden(2) - Department Of Neurology, Karolinska University 
Hospital, Stockholm, Sweden(3) - Division Of Hematology, 
Department Of Medical Science, Uppsala University Hospital, 
Uppsala, Sweden(4) - Department Of Neurology, Uppsala 
University Hospital, Uppsala, Sweden(5)

Multiple sclerosis (MS) is an inflammatory disease in the 
central nervous system, typically besetting young adults 
and leading to increasing disability and considerable dis-
ease burden. The vast majority of MS drugs available are 
administered regularly with non-negligible side effects. 
Haematopoietic stem cell transplantation (HSCT) is an 
established therapy for haematological malignancies and 
has been performed for severe autoimmune diseases for 
>20 years. So far, only one minor randomized controlled 
study of HSCT for relapsing remitting MS (RRMS) has 
been published and safety concerns are limiting its use. To 
evaluate efficacy and safety, we studied patients treated 
with HSCT for RRMS at the university hospitals of Up-
psala and Stockholm, Sweden. The primary outcome was 
“no evidence of disease activity (NEDA)”, i.e. absence 
of new lesions on magnetic resonance imaging (MRI), 
no clinical progression and no relapses. In this study, we 
present the long-term follow-up data and side effects. 
Fifty-three patients were included and evaluated for side 
effects. Thirty-nine had a follow-up of >1 year (mean 4.5 
years) and were analysed for clinical outcome; of those, 
29 were female and at HSCT their mean age was 29, mean 
disease duration 56 months and median number of relaps-
es in the preceding year, three. At 5 years, the Kaplan-
Meier estimate for NEDA was 65%. In total, 13% had a 
relapse, one with a further relapse. The annual relapse rate 
for the whole population was therefore 0.03, a reduction 
of 99% compared to the year preceding transplantation. 
Ten patients (26%) had MRI activity. An improvement in 
disability status was seen in 64%; clinical progression was 
seen in 18%, all manifested within 2 years. There was no 
mortality. One patient (1.9%) was treated at the intensive 
care unit for <24 hours due to hyponatraemia. Expected 
side effects were seen in almost all patients, including 
alopecia and anaemia. Fever with bacteraemia was seen 
in 55% and neutropaenic fever in 42%. Late side effects 
included herpes zoster infections in 13%. In conclusion, 
HSCT is an effective treatment for RRMS, leading to 
long-term remission for a majority of the patients treated. 
It can be performed with a high degree of safety at expe-
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rienced centres. Our results give support to it as the most 
efficient treatment for RRMS to date. Therefore, HSCT 
constitutes a valuable option in RRMS with significant in-
flammatory activity despite standard treatment.

180 
Teriflunomide: immunomodulatory effect on 
adaptive and innate immune cell subsets 

Ilaria Gandoglia(1) - Federico Ivaldi(1) - Federica 
Benvenuto(1) - Alice Laroni(1) - Nicole Kerlero De Rosbo(1) 
Claudio Solaro(2) - Antonio Uccelli(1)

Department Of Neurosciences, Rehabilitation, Ophthalmology, 
Genetics, Maternal And Child Health (dinogmi),, University 
Of Genoa, Genoa, Italy(1) - Asl3 Liguria, Padre Antero Micone 
Hospital, Genoa, Italy(2)

Teriflunomide is a drug approved for treatment of relaps-
ing-remitting multiple sclerosis. Its main mechanism of 
action relies on inhibition of dihydroorotate dehydroge-
nase, which is involved in de novo biosynthesis of pyrim-
idines. Teriflunomide acts on highly proliferating cells, 
such as activated lymphocytes, reversibly inhibiting DNA 
synthesis, without disrupting protective immunity. It does 
not affect resting cells, which use a different pathway to 
supply pyrimidine requirements. TEMSO and TOWER 
clinical trials showed that teriflunomide treatment was as-
sociated with a mean decrease in leukocyte counts of ap-
proximately 15 % compared to baseline, occurring within 
the first months of treatment and stabilizing thereafter. 
The effect of teriflunomide on immune cell subpopula-
tions is not clearly understood. We aim at studying the im-
munomodulatory effect of this drug on innate and adap-
tive immune cell populations. Recruited patients received 
the consensus oral dose of teriflunomide (14 mg) once 
daily. Peripheral blood mononuclear cells were isolated 
at baseline and at various times after start of treatment, 
to analyze adaptive and innate immune cell subsets by 
flow cytometry as follows: adaptive immune cells: T cells 
(CD4+ T helper, CD8+ T cytotoxic, CD4+CD25+CD127- 
regulatory T cells (Treg), as well as CD4+ T cell subsets, 
classic CCR6-CD161-CXCR3+ and non-classic CCR6-
CD161+CXCR3+ Th1 cells, CCR6+CD161+CCR4+ 
Th17 cells, and CCR6+CXCR3hiCCR4loCD161+ Th1.17 
cells) and B cells (CD19+ B cells, including CD38- 
CD24+ memory, CD38low CD24+ mature and CD38high 
CD24+ regulatory B cells); innate immune cells: natural 
killer (NK) cells, more specifically CD16+ CD56dim and 
CD16- CD56bright NK cells. Our results showed that in 
treated patients, absolute counts of total CD19+ B cells 

decreased significantly; there was a trend in reduction for 
all B cell subsets, with mature B cell counts being signifi-
cantly decreased. Total NK cell counts were not affected 
after one year of treatment, with no apparent changes in 
CD56 dim and bright subsets. Within T cells, we observed 
a trend in reduction of absolute counts for both CD8+ and 
CD4+ T effector cells, as well as Treg. Analysis of CD4 
T-cell subsets indicated a minimal reduction in absolute 
cell count for Th1, Th17 and Th1/Th17 cells. These pre-
liminary data suggest that teriflunomide impacts on B cell 
population, more specifically mature B cells, emphasiz-
ing their possible implication in MS pathogenesis and/or 
progression. 

190 
Reduced adhesion to human endothelium as one 
mechanism of action of dimethyl fumarate in 
Multiple Sclerosis

Johanna Breuer(1) - Sebastian Herich(1) - Tilman 
Schneider-hohendorf(1) - Nina Wettschureck(2)  
Luisa Klotz(1) - Heinz Wiendl(1) - Nicholas Schwab(1)

University Of Muenster, Neurology, Muenster, Germany(1)  
University Of Frankfurt, Molecular Pharmacology, Frankfurt, 
Germany(2)

Dimethyl fumarate (DMF) (BG-12, Tecfidera) is a fu-
maric acid ester that has been proven to be effective in 
the oral treatment of multiple sclerosis (MS). However 
the mechanism of action has not been fully elucidated yet. 
Here, we investigated the effects of monomethyl fuma-
rate (MMF), the biologically active metabolite of DMF, 
at the (inflamed) blood-brain barrier (BBB) by utilizing 
primary human brain-derived microvascular endothelial 
cells (HBMEC). Physiological shear-flow assays revealed 
a significantly reduced adhesion of primary human CD4+ 
T cells to tumor necrosis factor (TNF)a-inflamed HBMEC 
upon MMF treatment as compared to vehicle control. The 
MMF-mediated decrease in adhesion was directly corre-
lated to a lower endothelial expression of vascular cell ad-
hesion molecule (VCAM)-1 as quantified by histological 
as well as by flow cytometry analysis. Moreover, a down-
regulation of VCAM-1 on TNFa-inflamed HBMEC could 
also be observed upon a therapeutic treatment, when 
MMF was applied after the inflammation of the endothe-
lial cells.
Western Blot analysis revealed that nuclear Factor (ery-
throid-derived 2)-related factor 2 (Nrf2), a known inhibi-
tor of VCAM-1 expression, translocated to the nucleus 
upon MMF treatment, suggesting that MMF down reg-
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ulates VCAM-1 expression via the activation of Nrf2. 
Expression of the G protein-coupled membrane receptor 
hydroxycarboxylic acid receptor 2 (HCA2), a known mo-
lecular target of MMF, could further be demonstrated on 
HBMEC by qPCR, suggesting that the activation of Nrf2 
by MMF might be either mediated via HCA2 or directly 
in an HCA2-independent pathway. Corresponding to the 
reduced VCAM-1 expression on endothelial cells, DMF 
treatment in vivo lead to a strong reduction of VLA-4 
high-expressing memory T cells in MS patients resulting 
in a reduced ex vivo adhesion of these immune cells to 
HBMEC. The population shift might be due to the binding 
of MMF to HCA2 on early memory cells and subsequent 
inhibition of their maturation as these cells selectively 
express HCA2.Taken together, our results demonstrate 
that DMF exerts its beneficial therapeutic effects on the 
inflamed BBB by down-regulation of endothelial VCAM-
1 expression and by an HCA2 mediated removal of T cells 
with a migratory phenotype. Both mechanisms result in a 
synergistic reduction of T-cell – endothelial adhesion.

194 
Lymphocyte dynamics and (auto) immunity in 
multiple sclerosis induction treatment: Clues 
from phase III trial data of Cladribine compared 
to Alemtuzumab 

Klaus Schmierer(1, 2) - Samuel Spencer Herrod(1) - Cesar 
Alvarez-Gonzalez(1) - Monica Marta(1, 2) - David Baker(1)

Queen Mary University Of London, Blizard Institute 
(Neuroscience), London, United Kingdom(1) - Barts Health NHS 
Trust, The Royal London Hospital, ECAM Clinical Academic 
Group Neuroscience, London, United Kingdom(2)

Background Alemtuzumab (ALEM), a CD52+ lym-
phocyte depleting antibody, is the only licensed disease 
modifying ‘induction’ therapy (DMiT) for people with 
relapsing multiple sclerosis (pwRMS). However, DMiT 
with ALEM is associated with a high likelihood of an-
tibody-mediated secondary autoimmunity (SAI) thereby 
diminishing its benefit-risk ratio. Trial evidence suggests 
Cladribine (CLAD), a small molecule lymphocyte de-
pleting agent, may be a similarly effective DMiT without 
causing SAI. Objective To understand the lack of SAI as 
an adverse effect of CLAD in pwRMS through analy-
sis of blood counts. Methods The CLARITY phase III, 
randomised, placebo-controlled, double-blind study of 
CLAD in 1326 pwRMS dataset, containing unpublished 
full blood counts and immune-phenotyping, was acquired 
through freedom of information request to the European 
Medicines Agency. Data was compared to published evi-

dence from ALEM. Results Blood samples were obtained 
from 309/1326 pwRMS in weeks 1, 5, 9, 13, 16, 24, 44, 
48, 52, 72, 96. pwRMS received placebo (n=101) or either 
3.5mg/kg oral CLAD (CLAD-low, n=103) or 5.25mg/kg 
CLAD (n=105), divided over 2 treatment (Tx) cycles of 
48 weeks duration. CLAD-low rapidly reduced CD3+ 
cells to 60% of baseline levels (BL) after 1, and to 45% 
after 2 Tx cycles; CD4+ cells were reduced to 53% of 
BL after 1, and 36% after 2 Tx cycles; CD8+ cells were 
reduced to 71% of BL after 1, and 61% after 2 Tx cycles; 
CD19+ cells were reduced to 13% of BL after 1, and 19% 
after 2 Tx cycles. NK cells were reduced to 47% of BL 
after 1, and 54% after 2 Tx cycles. Whilst T cell subsets 
stabilised close to nadir, CD19+ cells recovered, to 71% 
and 77% of BL after 48 and 96 weeks, respectively (NK 
cells to 88% and 82% of BL). Conclusion CLAD Tx leads 
to rapid and sustained reduction of T cell populations, 
CD4+ (53-36% of BL) more than CD8+ (71-61% of BL) 
subsets. B cell depletion, to date a less recognized effect 
of CLAD, was very pronounced on early follow-up with 
nadir of 13-19% of BL and incomplete recovery to 71-
77% of BL. Following ALEM Tx marked and sustained 
depletion of both CD4+ and CD8+ T cell subsets occurs. 
However, following marked depletion, B cells reach, and 
then overshoot, BL levels within 6 months. We hypoth-
esize B cell hyper-proliferation in conjunction with the 
lack of T cell regulation facilitates development of SAI. 
Lasting B cell depletion induced by CLAD, with slow and 
incomplete recovery over time, may be key in avoiding 
SAI.

216 
Characterizing the Impact of Teriflunomide on 
the CD4+ T-Cell Repertoire of Patients With 
Relapsing-Remitting Multiple Sclerosis in the 
Teri-DYNAMIC Study 

Heinz Wiendl(1) - Catharina C Gross(1) - Maren Lindner(1) 
Melanie Eschborn(1) - Linda Weisser(1) - Anita Posevitz-
fejfar(1) - Andreas Schulte-mecklenbeck(1) - Bart Van 
Wijmeersch(2) - Sandrine Brette(3) - Timothy J Turner(4) 
Alexandre Jagerschmidt(5) - Amit Bar-or (6) - Raymond 
Hupperts (7) - Luisa Klotz(1)

University Of Münster, Department Of Neurology, Münster, 
Germany(1) - Hasselt University, Department Of Immunology, 
Hasselt, Belgium(2) - Lincoln, Biostatistics, Boulogne-
billancourt, France(3) - Sanofi Genzyme, Translational Medicine, 
Cambridge, United States(4) - Sanofi Genzyme, Clinical & 
Translational Biomarkers, Chilly-mazarin, France(5) - Montreal 
Neurological Institute, Department Of Neurology And 
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Neurosurgery, Montreal, Canada (6) - Maastricht University, 
Orbis Medical Center, Maastricht, Netherlands (7)

Teriflunomide, an oral immunomodulator approved for 
the treatment of patients with relapsing-remitting MS 
(RRMS), selectively inhibits proliferation of activated T 
and B lymphocytes while preserving homeostatic prolif-
eration of resting lymphocytes. In light of this differen-
tial effect, the impact of teriflunomide on T-cell repertoire 
was investigated in Teri-DYNAMIC (NCT01863888). 
Peripheral blood mononuclear cells were isolated at base-
line, Week 12, and Week 24 from patients with RRMS 
treated with teriflunomide 14 mg and untreated, healthy 
individuals (HI). CD4+ T-cell receptor repertoire diversity 
was analyzed by deep immune sequencing. Our analysis 
unexpectedly revealed elevated median number of unique 
clones and, accordingly, elevated Shannon entropy (a 
measure of clonal diversity) in patients with RRMS vs 
HI (219,885.0 vs 155,528.0; P=0.016 and 16.9 vs 16.3; 
P=0.032 respectively). At Week 12, after initiation of 
teriflunomide treatment, decreases from baseline in the 
absolute number of clones (-362,305.0; P=0.024) and 
the number of unique clones (-42,756.0; P=0.018) were 
accompanied by a decrease in entropy (-0.3; P=0.030). 
At Week 24, the absolute number of clones recovered 
(108,006.0; P=0.433), while the number of unique clones 
(-33,886.0; P=0.028) and clonal entropy (-0.4; P=0.016) 
remained low compared with baseline. As expected, CD4+ 
T-cell receptor repertoire remained unchanged in HI dur-
ing the 24-week study. This analysis revealed an elevated 
CD4+ T-cell receptor repertoire diversity in patients with 
RRMS compared with HI, putatively as a consequence of 
decreased clonal elimination. With teriflunomide treat-
ment, several measures of repertoire diversity (namely, 
number of unique clones and entropy) were reduced in 
patients with RRMS to the level of that comparable to HI. 
These findings suggest normalization of the circulating 
CD4+ T-cell receptor repertoire following teriflunomide 
treatment. Study supported by Sanofi Genzyme.

256 
A novel role of TCF-1 in regulating T cell effector 
function in Multiple Sclerosis 

Radhika Raheja(1) - Maria Antonietta Mazzola(1) - 
Murugaiyan Gopal(1) - Hasan Rajabi(2) - Thomas Pertel(1) 
Keren Regev(1) - Russell Griffin(1) - Pia Kivisakk(1) 
Parham Nejad(1) - Bonnie Glanz(3) - Tanuja Chitnis(3) 
Howard Weiner(1) - Roopali Gandhi(1)

Harvard Medical School, Brigham And Women’s Hospital, 

Boston, United States(1) - Dana Farber Cancer Institute, 
Harvard Medical School, Boston, United States(2) - Partners Ms 
Center, Brigham And Women’s Hospital, Boston, United States(3)

Background: Multiple sclerosis (MS) is driven by auto-
reactive lymphocytes leading to an inflammatory cascade 
and the subsequent damage of myelin and axons, result-
ing in neurodegeneration. In particular, the involvement 
of inflammatory T cells that release molecules such as 
IFN-γ, IL-17 and granzyme B (GZMB) is crucial for MS 
pathogenesis. Reduced levels of inflammatory T cells are 
associated with improved therapeutic response in MS 
patients. However the molecular mechanisms regulating 
these pathogenic inflammatory T cell responses in MS re-
main unknown. Genomic studies indicate that  polymor-
phism of T cell transcription factor 1 (TCF-1) has been 
associated with autoimmune diseases such as Multiple 
Sclerosis and Type-1 Diabetes. Although it is established 
that TCF-1 plays an important role in T cell development 
and differentiation, its precise role in human T cell effec-
tor function in MS has not been studied.  Objective: To 
investigate the immune regulatory function of TCF-1 in 
MS and its subsequent function in response to the immu-
nomodulatory drug, FTY720. Methods: Flow cytometry 
was used to isolate CD4+ T cells from relapsing-remit-
ting MS patients (RRMS) and healthy controls (HCs). 
Gene expression profile was analysed using Nanostring. 
Cytokine expression was measured using luminex and 
flow cytometry. Chromatin immunoprecipitation was 
performed to assess TCF-1 binding to promoter regions. 
Luciferase reporter assays were performed to test regula-
tion of IFN-γ and GZMB by TCF-1. Results: We found 
that the expression of TCF-1 is decreased in T cells from 
RRMS patients compared to HCs. Further, the expression 
of TCF-1 increased upon treatment of activated T cells 
with FTY720. We also show that TCF-1 downregulates 
pathogenic effector molecules IFN-γ and GZMB expres-
sion in CD4+ T cells by directly binding to their promot-
er/enhancer region and mediating repressive epigenetic 
modifications. Conclusions: These results demonstrate a 
previously unknown role for TCF-1 in the modulation of 
human CD4+ T cell function in the context of MS, and 
suggest a molecular signaling pathway for the control of 
pathogenic effector functions of CD4+ T cells. 

279 
Microglial microvesicles as therapeutic vector for 
neuroinflammation 

Giacomo Casella(1) - Federico Colombo(1) - Annamaria 
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Finardi(2) - Roberto Furlan(2)

Università Vita-Salute San Raffaele, Milan, Italy(1) - Ospedale 
San Raffaele, Clinical Neuroimmunology, Milan, Italy(2)

Extracellular vesicles (EVs) are particles released by cells 
into the extracellular space either in a constitutive or in a 
regulated manner, whose main function seems to be cell-
to-cell communication both in physiological and patho-
logical conditions. So far two main classes of EVs have 
been described, shedding vesicles (SVs) and exosomes; 
the differences between them reside into their dimension 
as well as the mechanisms of biogenesis. Thanks to the 
low immunogenicity and their natural propensity to be-
have as extracellular carriers for active biomolecules, EVs 
are promising candidates to be exploited into gene therapy 
approaches; our plan is to engineer in vitro- produced EVs 
for tuning microglia cells, whose excessive reactivity can 
be detrimental in neuroinflammatory disorders. Here we 
present our in vitro data concerning the ability of cell-
derived EVs to transfer the anti-inflammatory cytokine 
interleukin-4 (IL-4) to recipient myeloid cells (microglia 
and macrophages) whose phenotype changed dramati-
cally towards the “M2/reparative state”. The mouse mi-
croglia cells BV2 were infected with a lentiviral vector 
encoding IL-4 to generate a stable cell line producing 
the cytokine constitutively. Afterwards we checked the 
ability of BV2 to release enough amount of EVs for our 
purposes: upon exposure to ATP or to the calcium iono-
phore ionomycin, cells release detectable amounts of EVs 
as suggested by FACS and western blot analysis of puri-
fied vesicles (one 10,000g ultracentrifugation, 30 min) . In 
addition the presence of EVs in ATP/IONO treated cell-
medium was confirmed by electron microscopy (TEM) 
on negative-stained pellets resulting from ultracentrifuged 
supernatants. We then assessed the ability of BV2/IL4+-
derived EVs to carry the cytokine by ELISA and western 
blot: although the majority of IL-4 is secreted as a soluble 
form, we found about 300pg to be released into EVs. To 
verify whether this EVs can transfer the “therapeutic” ef-
fects of IL-4 to other cells, we exposed BV2 cells to IL-
4+ vesicles for different times (24-48 hours) after which 
the mRNA levels of prototypical M2 marker genes were 
monitored by real time PCR: we found that Arg1, YM1 
and CD206 transcripts were up-regulated in recipient 
cells, suggesting the ability of this engineered SVs to 
modulate recipient cells towards the protective phenotype 
known as M2. Collectively these in vitro results seem to 
confirm our expectancy about the usefulness of EVs as 
customizable vectors for delivering therapeutic agents in 
microglia-mediated pathologies. Currently we are setting 
up an efficient protocol for injecting the IL-4+EVs into 

experimentally neuroinflammed mice; the ability of EVs 
to cross the Blood Brain Barrier (BBB) as well as their 
half-life are issues that have to be verified.

289 
Engineering human CNS-specific regulatory T 
cells: From CARs to BARs 

David Scott - Yong Chan Kim - Kalpana Parvathaneni  
Aihong Zhang
Uniformed Services University Of The Health Sciences, 
Medicine, Bethesda, United States

Although T regulatory cells (Tregs) have great potential 
for the treatment of autoimmune diseases, and are already 
in clinical trials, these polyclonal Tregs may have non-
specific side effects.  To create specific Tregs and increase 
efficacy, we have engineered human CD25+ve CD127lo 
T cells to express chimeric antigen receptors (CARs) us-
ing T-cell receptors from MS patients.  Adapting the CAR 
approach utilized successfully for leukemia therapy (e.g. 
CD19 CAR CD8’s), we therefore, have created specific 
T regulatory cells recognizing myelin basic protein (for 
MS). These Tregs cells actively suppress effector T cell 
proliferation and cytokine formation in vitro, and even can 
modulate EAE in vivo!  They appear to function by me-
diating “bystander” suppression of multiple epitopes ex-
pressed locally.  Moreover, they function even in the pres-
ence of strong inflammatory signals from TLR agonists.  
Mechanistic studies suggest both contact dependent and 
contact-independent pathways. Further efforts with B-cell 
targeting strategies have also been developed in which we 
have expressed antigen domains in CD4 Tregs. Applica-
tion of these engineered T cells to modulate adverse EAE 
and antibody responses in pathogenic responses to CNS 
proteins will be presented. 

Supported by NIH grants R21 HL127495 (DWS) and a 
grant from the National Multiple Sclerosis Society.

298 
aHSCT greatly reduces axonal loss in MS as 
evidenced by a reduction in the levels of CSF 
neurofilaments 

Jennifer Black(1) - Douglas Arnold(2) - Jaqueline Chen(2) - 
Marjorie Bowman(3) - Harold Atkins(4) - Mark Freedman(3)

University Of Ottawa, Biochemistry, Microbiology & 
Immunology, Ottawa, Canada(1) - Montreal Neurological 
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Institute And Hospital, Neurology And Neurosurgery, Montreal, 
Canada(2) - Ottawa Hospital Research Institute, Neuroscience 
Program, Ottawa, Canada(3) - Ottawa Hospital Research 
Institute, Cancer Therapeutics Program, Ottawa, Canada(4)

Background: Autologous hematopoietic stem cell trans-
plantation (aHSCT) is a treatment used for shutting down 
the central nervous system (CNS) inflammation that char-
acterizes aggressive multiple sclerosis (MS).  Neurofila-
ments (Nf) are structural proteins found only within neu-
rons and axons of the CNS, but when measured in the 
cerebrospinal fluid (CSF) they are presumed to arise as 
a result of neuro-axonal injury. Objectives: To observe 
whether the benefits of the aHSCT procedure affect the 
levels of CSF neurofilaments, possibly reflecting a re-
versal of neuroaxonal injury.  Methods: A cohort of 19 
patients with aggressive MS underwent aHSCT and were 
followed intensively for 3 years. CSF studies were con-
ducted at baseline and at 1, 2, and 3 years post-aHSCT. 
Regular magnetic resonance imaging (MRI) studies cor-
related with clinical and CSF analyses. Enzyme-linked 
immunosorbent assays (ELISA) were obtained to mea-
sure the CSF concentration of the Nf heavy and light 
chains (NfH and NfL, respectively). Results: The CSF 
level of both NfH and NfL was very high at baseline and 
decreased significantly and consistently following aH-
SCT. This was more pronounced for NfL, with a statisti-
cally significant decrease at 1 year post-aHSCT (p=0.002 
vs. baseline) compared to NfH, where a statistically sig-
nificant reduction was achieved at 2 years (p=0.003 vs. 
baseline). These reductions were maintained for the dura-
tion of the follow-up period. The concentrations of NfH 
and NfL correlated with MRI metrics of neuronal integrity 
such as spectroscopy (MRS, which quantifies the amount 
of intracellular n-aspartyl acetate or N-AA) as well as the 
volume and number of T1 hypointensities, which are re-
flective of neuronal drop out and scarring. Conclusion: 
aHSCT significantly and persistently reduces markers of 
neuroaxonal damage in MS, as well as ongoing inflamma-
tion, consistent with the notion that inflammation is driv-
ing axonal injury in MS.

303 
mRNA electroporation is an effective tool to 
induce long-term myelin expression by human 
tolerogenic dendritic cells 

Judith Derdelinckx(1, 2) - Wai-Ping Lee(1) - Maxime De 
Laere(1) - Patrick Cras(2) - Barbara Willekens(2) - Zwi N. 
Berneman(1, 3) - Nathalie Cools(1)

Laboratory Of Experimental Hematology, Vaccine And 
Infectious Disease Institute (vaxinfectio), Faculty Of Medicine 
And Health Sciences, University Of Antwerp, Edegem, 
Belgium(1) - Antwerp University Hospital, Division Of 
Neurology, Edegem, Belgium(2) - Antwerp University Hospital, 
Center For Cell Therapy And Regenerative Medicine, Edegem, 
Belgium(3)

Background: In the pursuit of re-establishing tolerance in 
autoimmune disorders such as multiple sclerosis (MS), 
the use of antigen-loaded tolerogenic dendritic cells 
(tolDC) is a promising strategy to restore immune bal-
ance in a disease antigen-specific manner. For antigen 
loading of tolDC, electroporation with mRNA encoding 
full-length proteins might offer the potential to prevent 
epitope spreading by inducing presentation of all myelin 
epitopes in a non-HLA-restricted manner.
Objectives: To generate antigen-expressing human tolDC 
using mRNA electroporation.
Methods: In this study, 1-alpha,25-dihydroxyvitamin 
D3-treated monocyte-derived tolDC were electroporated 
with mRNA encoding enhanced green fluorescent protein 
(eGFP) and myelin oligodendrocyte glycoprotein (MOG). 
To validate the electroporation procedure, mRNA and 
protein levels were analyzed in function of time follow-
ing electroporation using qRT-PCR and flow cytometry 
or Western blot.
Results: Flow cytometric analysis of eGFP expression 
revealed a transfection efficiency of 68.6% (±3,4% SD) 
for immature tolDC (itolDC) and 54.4% (±29.7% SD) for 
cytokine-activated tolDC, demonstrating the feasibility to 
electroporate tolDC. MOG protein expression was detect-
able until at least 72 hours after mRNA electroporation as 
evidenced by Western blot analysis. Importantly, no differ-
ence in the expression of the costimulatory markers CD80 
and CD86 by electroporated (i)tolDC nor in their capac-
ity to induce T cell hyporesponsiveness in an allogeneic 
mixed lymphocyte reaction was found following mRNA 
electroporation when compared to mock electroporated 
and/or unelectroporated (i)tolDC.
Conclusion: Our results demonstrate that mRNA electro-
poration of tolDC effectively induces MOG expression 
without affecting their tolerogenic properties. The capac-
ity of mRNA-electroporated tolDC to present antigen in a 
specific manner is currently being assessed by evaluating 
their modulatory effect on myelin-specific T cell respons-
es. Ultimately, therapeutic vaccination with tolDC electro-
porated with mRNA encoding full-length myelin-derived 
proteins may lead to a more effective therapy for MS by 
induction of T cell tolerance in a myelin-specific manner.
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318 
Increased Expression of miR-130b-5p in B cells 
and its Modulation by Glatiramer Acetate in 
Multiple Sclerosis. 

Latt Latt Aung - Suhayl Dhib-jalbut - Konstantin 
Balashov
Department of Neurology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ,  United States

Objective/Background: B cells are implicated in the 
pathogenesis of multiple sclerosis (MS). Our objective 
was to identify microRNAs (miRNAs) expressed in B 
cells of MS patients applying Next Generation Sequenc-
ing (NGS), a high-throughput/sensitive tool to study dis-
ease pathogenesis, drug mechanisms, to discover new bio-
markers and therapeutic targets.
Design/Methods: B cells and monocytes were separated 
from healthy donors (HD), untreated and Glatiramer Ac-
etate (GA)-treated MS patients. Expression of more than 
2500 mature human miRNAs annotated in miRBase 20 
was tested by NGS and validated by RT-qPCR.
Results: 370 and 443 miRNAs were detected in B cells 
and monocytes, respectively. In B cells and monocytes, 
respectively, expression of 21 and 12 miRNAs was sig-
nificantly (p < 0.05) different in untreated MS patients 
compared to HD and expression of 19 and 13 miRNAs 
was different in GA-treated patients vs. untreated patients. 
The DIANA-mirPath software analysis identified that Ad-
herent junction and Chemokine signaling (monocytes and 
B cells) and B cell receptor signaling (B cells) pathways 
are targets for these miRNAs. Expression of 3 miRNAs 
(miR-1295a, miR-450a-5p+1, and miR-130b-5p) was in-
creased in B cells of untreated MS patients and corrected/
decreased by GA treatment.  Expression levels of miR-
130b-5p were increased by more than 100% in untreated 
MS patients compared to both HD and GA-treated pa-
tients based on both NGS and RT-qPCR results, p < 0.05.
Conclusion: Expression of miR-130b-5p in B cells is in-
creased in MS patients and is corrected by GA treatment. 
The physiological significance of this finding will be dis-
cussed.
Acknowledgement: Supported by the Patterson Trust 
Awards Program in Clinical Research and Teva Neurosci-
ence

327 
A tolerogenic dendritic cell-based therapy for the 
treatment of multiple sclerosis: a first-in-human 
clinical trial 

Nathalie Cools(1) – Wai-Ping Lee(1) - Maxime De Laere(1) 
Barbara Willekens(2) - Judith Derdelinckx(1, 2) 
Griet Nijs(3) - Patrick Cras(2) - Cristina Ramo Tello(4) 
Eva Martinez-Caceres(4) - Zwi Berneman(1, 3)

University Of Antwerp, Laboratory Of Experimental 
Hematology, Antwerp, Belgium(1) - Antwerp University 
Hospital, Division Of Neurology, Antwerp, Belgium(2) - Antwerp 
University Hospital, Center For Cell Therapy And Regenerative 
Medicine, Antwerp, Belgium(3) - Universitat Autònoma 
Barcelona, German Trias I Pujol University Hospital, 
Badalona, Spain(4)

Cell therapy is rapidly gaining momentum as a clinical 
option for several diseases. In particular, the clinical ben-
efit and safety of dendritic cell-based immunotherapy has 
been well-documented in numerous clinical trials in pa-
tients with cancer and infectious diseases. More recently, 
tolerance-inducing or tolerogenic dendritic cells (tolDC) 
have also become a promising immunotherapeutic tool 
for restoring immune tolerance in autoimmune diseases, 
including multiple sclerosis (MS). However, develop-
ing cell-based medicinal products (CBMP) is technically 
complex, not in the most because of the specific legisla-
tion for CBMP that is in place since 2008 requiring con-
sistent manufacturing technologies in an environment 
compliant with good manufacturing practices (GMP), 
specialized facilities and specific technical and scientific 
skills of manufacturing and testing personnel.
Here, we report a functionally closed and GMP-compati-
ble system for tolDC manufacturing. Critical parameters, 
including identity, viability, cell yield and potency were 
assessed at the end of the tolDC culture period. Using sta-
tistical process controls, the following specification lim-
its were set for the tolDC-based medicinal product: (i) at 
least 90% and 80% of cells express the hallmark DC sur-
face markers HLA-DR and CD209, respectively; (ii) To 
ascertain the maturation-resistant phenotype of the tolDC, 
expression of CD80, CD86 and/or CD83 by tolDC after 
cytokine-activation should be at least 35% less as com-
pared to activated control DC; (iii) Functionally, the po-
tency of the generated tolDC is tested in an allo-MLR. For 
release, tolDC should induce a reduction of at least 65% 
in IFN-gamma production by co-cultured lymphocytes as 
compared to control DC. Importantly, cryopreservation 
did not affect the phenotype nor their capacity to induce T 
cell hyporesponsiveness.
In conclusion, a reproducible method for the generation of 
human tolDC according to GMP guidelines is described 
with minimal risk of contamination and reduced process 
time. Furthermore, we demonstrate the feasibility of cryo-
preservation of these tolDC. In this perspective, our re-
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sults contribute to large scale production and preservation 
of tolDC and further underscore their clinical applicability 
in order to correct the immunological imbalance in MS. 
Currently, we are initiating a phase I dose escalation clini-
cal study to assess the feasibility and safety of administer-
ing myelin-derived peptide-pulsed tolDC in patients with 
MS.

329 
The Relationship between the clinical condition 
of Multiple sclerosis patients and the nutritional 
status, mitochondrial activity and oxidative stress 

Ayelet Armon-omer(1) - Chen Waldman A(1)  
Radi Shahien(2)

Ziv Medical Center, Research Lab, Zefat, Israel(1)  
Ziv Medical Center, Neurology Unit, Zefat, Israel(2)

Background: Multiple sclerosis (MS) etiology is un-
known; however it probably results from interplay be-
tween unidentified genetic and environmental factors. 
Nutrition might be a modifiable environmental factor 
involved in MS course. The role of nutrition in MS pa-
thology is unclear. The inflammatory process can lead to 
oxidative stress and vice versa. Fatty acids (especially 
omega-3) which are sensitive to oxidation, are an impor-
tant component of cell membranes and the myelin sheath. 
Mitochondria play an important role in creating free radi-
cals and cellular energy in the nerve cells. 
Objective: To assess the impact and relationship between 
oxidative stress (amount of reactive ROS and antioxidant 
capacity), mitochondrial activity, and nutritional status 
(especially omega3) in MS patients with several distinct 
disease courses and healthy volunteers.
Methods: We will examine 120 volunteers, half MS pa-
tients (mild & severe). After signing an informed consent 
and filling dietary questionnaire, blood will was separated 
to serum, RBC, platelets, and lymphocytes. We measuring 
with flow cytometry 1)mitochondrial membrane potential 
using JC1, 2)intracellular ROS using DCFH dye. Total 
Antioxidant Capacity Analysis (TAC) was calculated 
by quantitative colorimetric assay Kit. Omega3 in RBC 
membranes was measured using a gas chromatography. 
24 Recall interviews used to recall food intake. 
Results: We recruited 50 participants, including 30 MS 
patients and 20 healthy volunteers as control group. In a 
pilot study, low levels of total antioxidant capacity and 
higher ROS percentage in severe MS patients versus 
healthy controls and mild MS patients. Low mitochon-
drial membrane potential was measured in MS patients. 

Positive correlation was found between omega3 and clini-
cal situation. The questionnaire data indicated a signifi-
cant difference between the groups on their average daily 
consumption of energy, fat, protein and other compounds.
Conclusions: The antioxidant capacity, mitochondrial 
membrane potential, and nutritional status in particular 
omega3, corresponded to the clinical status and may con-
tribute to several mechanisms underlying the pathogen-
esis of MS, perhaps these parameters influenced the ef-
ficiency of remyelination process.

335 
Potential benefits of the anti-IL-6 receptor 
antibody tocilizumab in patients with multiple 
sclerosis and seronegative neuromyelitis optica 
spectrum disorders 

Manabu Araki - Masakazu Nakamura - Wakiro Sato 
Takashi Yamamura
National Center Of Neurology And Psychiatry, Multiple 
Sclerosis Center, Tokyo, Japan

Multiple sclerosis (MS) is considered a disease with an 
immunopathogenesis that is distinct from neuromyelitis 
optica spectrum disorders (NMOSD). In NMOSD, plas-
mablasts (PB; CD19+CD27highCD38highCD180- cells) 
were anti-AQP4 antibody-producing cells, and the IL-6 
receptor (IL-6R) signaling pathway was crucial for their 
survival (Chihara, PNAS 2011). We previously described 
the clinical efficacy of tocilizumab (TCZ), a humanized 
anti-IL-6R monoclonal antibody, in patients with anti-
AQP4 antibody positive NMOSD (Araki, Neurology 
2014). However, the interferon-beta non-responders, but 
not the responders with MS, tended to have a higher PB 
frequency. We performed an exploratory open-label study 
to evaluate the safety and efficacy of TCZ in MS patients 
showing a higher PB frequency. The number of relapses, 
EDSS, and brain and spinal cord MRIs were evaluated 
over the TCZ treatment period. 
Six patients (four women and two men) were enrolled in 
the study. All patients were negative for anti-AQP4 anti-
body, showed a high frequency of PB, and had been diag-
nosed with MS (three relapsing-remitting, RR; three sec-
ondary progressive, SP). One patient was later satisfied 
the NMOSD diagnostic criteria (Wingerchuk, Neurology 
2015). The median age and disease duration at the ini-
tiation of TCZ treatment was 38.5 (32–57) years old and 
7.6 (1.25–20) years, respectively. Each participant was 
given 8 mg/kg of TCZ monthly. Three RR-MS patients 
showed reduced ARR (TCZ responders), while the other 
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three patients experienced several relapses or progression 
of EDSS (TCZ non-responders), resulting in the discon-
tinuation of TCZ treatment within a year. Short disease 
durations (1.25 years, 3.5 years, and 6.75 years) and low 
EDSS scores (2, 3.5, and 4) were characteristic of TCZ 
responders. Notably, two patients with longitudinally ex-
tensive spinal cord lesions were among the responders. In 
contrast, TCZ non-responders showed long disease dura-
tions (8.5 years, 18 years, and 20 years) and high EDSS 
scores (4, 6, and 6.5). This group also included SP-MS 
patients. There were no serious adverse events during the 
course of TCZ treatment, although infections (upper re-
spiratory infection, acute enterocolitis) and lymphocyto-
penia occurred in three patients.
TCZ shows potential efficacy in the treatment of patients 
with RR-MS and seronegative NMOSD. However, a long 
disease duration, high EDSS score, and diagnosis of SP-
MS may be predictive of low TCZ efficacy. 

340 
Effect of dimethyl fumarate treatment on T 
lymphocytes and antigen presenting cells in 
multiple sclerosis patients. 

Maria Antonietta Mazzola - Radhika Raheja  
Keren Regev - Anu Paul - Isabelle Pierre - Pia Kivisakk  
Howard Weiner - Roopali Gandhi
Brigham And Women’s Hospital And Harvard Medical School, 
Ann Romney Center For Neurological Disease, Boston, Ma, 
United States

Background: Dimethyl fumarate (DMF, Tecfidera) is one 
of the oral disease modifying treatments that have been 
approved for multiple sclerosis (MS). MS patients treated 
with DMF may show lymphopenia with an altered CD4/
CD8 ratio, this can predispose patients to infections. The 
effect of DMF on other immune cells is still not fully un-
derstood. Objective: To characterize the phenotype of im-
mune cells from MS patients at baseline, 6 and 12 months 
after treatment with DMF. Methods: Peripheral blood 
mononuclear cells were collected from 15 MS patients 
before treatment and 6 and 12 months post treatment with 
DMF. Immune staining and flow cytometry analysis was 
performed comparing longitudinal samples from the same 
patient. Results: Seven out of 15 patients presented a de-
creased lymphocyte count after 12 months of treatment. 
Both CD4 and CD8 T cells were significantly reduced af-
ter 6 (22.5% reduction for CD4, p = 0.04; 38.5% reduction 
for CD8, p = 0.003) and 12 months (28.4% reduction for 
CD4, p = 0.006; 51.8% reduction for CD8, p = 0.0003) of 

treatment compared to baseline. We observed a more pro-
nounced reduction in CD8 T cells compare to CD4 T cells 
and an increased CD4/CD8 ratio (46.8% at 12 months, p 
= 0.0001). The analysis of different T cells subset showed 
a preferential reduction at 12 months in memory T cells 
compared to naïve cells sub-population in both CD4 and 
CD8 T cells (19.5%, p = 0.01; 21.7%, p = 0.03 respec-
tively). We also observed a statistical significant reduc-
tion in the expression of CD40 in myeloid dendritic cells 
(12.6 %, p = 0.03) and MHC class II in monocytes (15.5 
%, p = 0.02) and plasmocytoid dendritic cells (12.6 %, 
p = 0.02). Conclusion: Lymphocytes and specific T cell 
subsets are preferentially reduced by DMF treatment. The 
expression of CD40 and MHC class II is also reduced in 
antigen presenting cells. These findings suggest potential 
mechanisms of action wherein DMF affects lymphocyte 
and myeloid cells. 

Supported by Biogen

363 
CTLA4 as Immunological Checkpoint in the 
Development of Multiple Sclerosis 

Eduardo Beltrán(1) - Lisa A. Gerdes(1) - Kathrin Held(1) - 
Carola Berking(2) - Jörg C. Prinz(2) - Andreas Junker(3) 
Julia K. Tietze(2) - Birgit Ertl-Wagner(4) - Andreas 
Straube(5) - Tania Kümpfel(1) - Klaus Dornmair(1) - 
Reinhard Hohlfeld(1)

Institute Of Clinical Neuroimmunology, Biomedical Center And 
University Hospital, Grosshadern-martinsried Campus, Ludwig 
Maximilian University, Munich, Germany(1) - Department Of 
Dermatology And Allergology, Ludwig Maximilian University, 
Munich, Germany(2) - Department Of Neuropathology, 
University Of Göttingen, Göttingen, Germany(3) - Department 
Of Radiology, Grosshadern Medical Campus, Ludwig 
Maximilian University, Munich, Germany(4) - Department Of 
Neurology, Ludwig Maximilian University, Munich, Germany(5)

Ipilimumab, is a monoclonal antibody that works to boost 
the immune system by targeting CTLA4, a negative regu-
lator of T cell proliferation and activation. This therapy 
is broadly approved for the treatment of patients with 
metastatic melanoma. However, the precise mechanisms 
of CTLA4 function are very complex and still not fully 
understood. We investigated a patient with metastatic 
melanoma who developed multiple sclerosis (MS) during 
treatment with ipilimumab. Initially he showed subclini-
cal magnetic resonance imaging (MRI) changes (radio-
logically isolated syndrome). Two courses of ipilimumab 
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were each followed by a clinical episode of MS, 1 of which 
was accompanied by a massive increase of MRI activity. 
Brain biopsy confirmed active, T cell type MS. To inves-
tigate the T cell responses activated by the anti-CTLA4 
antibody, we compared the TCR repertoire of tumor-in-
filtrating T cells present in the primary melanoma, which 
was resected before ipilimumab therapy was begun, with 
the TCR repertoire in 2 consecutive CSF samples taken 5 
months and 13 months after the second course of ipilim-
umab therapy. To correct for polymerase chain reaction 
(PCR) biases and errors during next generation sequenc-
ing (NGS), we used unique molecular identifiers (UMIs) 
for quantitative T cell receptor (TCR) repertoire analysis. 

Quantitative next generation sequencing of TCR genes 
revealed some overlap between the TCR repertoire in the 
tumor and the first CSF sample but not the second CSF 
sample. Conversely, several expanded T cell clones were 
present in both CSF samples, but not in the melanoma. 
We interpret these findings as indicating that the protec-
tive antitumor response and the T cell-mediated immune 
response in MS are directed against different antigens, 
and that those T cell clones shared between the tumor an 
CSF entered the CSF as bystanders. In conclusion, our 
results pinpoint CTLA4 as an immunological checkpoint 
and therapeutic target in MS.

13 
Bradykinin 1 receptor blockage increases 
amyloid beta burden and glial inflammation

Keren Asraf - Nofar Torika - Sigal Fleisher-Berkovich
Department of Clinical Biochemistry and Pharmacology, 
Faculty of Health Sciences, Ben-Gurion University of the 
Negev, Beer-Sheva, Israel

Background: An Increasing body of evidence supports 
a critical role of brain inflammation in the pathogenesis 
of Alzheimer’s disease. A principal aspect of the brain 
immune response to inflammation is the activation of 
microglia. It has been shown that the kinin system is 
activated during brain inflammation and previously we 
demonstrated that bradykinin 1 receptor agonist reduced 
microglial activation in vitro.
The aim of the present study was to investigate the ef-
fects of bradykinin 1 receptor (B1R) or bradyki-
nin 2 receptor (B2R) antagonists on resting and LPS 
(lipopolysaccharide)-stimulated microglial release of 
pro-inflammatory factors in BV2 microglia. In vivo, we 
focused on the effects of intranasally given kinin receptor 
antagonists on amyloid burden and microglia/macrophage 
marker expression in brains of 5X familial Alzheimer’s 
disease mice (5XFAD).  
Results: The present data show that pharmacological an-
tagonism of B1R (with R-715 (AcLys-[D-betaNal7,Ile8]
desArg9-bradykinin)) but not B2R (with HOE-140 (D-
Arg[Hyp3,Thi5,D-Tic7,Oic8]bradykinin)) increased the 
LPS- induced expression of nitric oxide (NO), inducible 
NO synthase (iNOS) and tumor necrosis factor alpha 
(TNF-alpha) release from BV2 microglial cells (by 24% 
- 102%). We also showed that intranasal treatment with 

R-715 but not HOE-140 of Alzheimer’s mice enhanced 
amyloid beta burden and microglia/macrophages activa-
tion (by 50% - 103%). 
Conclusion: Our data reveal a possible role for the B1R in 
brain inflammation and in the control of amyloid accumu-
lation in transgenic mice, possibly through regulation of 
glial cell responses. 

This research was supported by the Israel Science Foun-
dation (grant 101/11-16).

32 
Non- invasive intranasal treatment of angiotensin 
related drugs as potential therapy for 
Alzheimer’s disease  

Nofar Torika-nadiv - Keren Asraf  
Sigal Fleisher-berkovich
Ben Gurion University Of The Negev, Department Of Clinical 
Biochemistry And Pharmacology, Beer-sheva, Israel

The circulating renin-angiotensin system (RAS) is a fun-
damental regulatory mechanism of blood pressure con-
served through evolution. Apart from periphery, an in-
trinsic RAS was also identified in the brain in which the 
bioactive hormone, angiotensin II, plays multiple roles. 
Angiotensin II (Ang II), which is formed from angioten-
sin I by angiotensin converting enzyme (ACE), act main-
ly through angiotensin type 1 receptors (AT1Rs) and can 
influence brain inflammation expressed in Alzheimer’s 
disease (AD) models. Although increased levels of brain 
AT1Rs, Ang II and ACE were reported in AD models, 
the role of RAS in brain inflammation remains unclear. 

Neuroinflammation beyond traditional neuroimmune diseases
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Telmisartan, a well-known anti-hypertensive drug and 
an AT1R blocker, was suggested to serve as a potential 
treatment for brain inflammation and AD. The present 
study shows that intranasally given telmisartan (1mg/
kg/day) for 3.5 weeks to 2 month significantly reduced 
amyloid burden and microglial activation by up to 50% 
in the cortex of five familial AD (5XFAD) mouse model. 
Hippocampal amyloid plaques and microglial activation 
in 5XFAD were also reduced following 2 months treat-
ment with telmisartan by approximately 50% and 25%, 
respectively. Telmisartan short term effects in vivo were 
compared to those of perindopril (angiotensin converting 
enzyme inhibitor) which exhibited a similar inhibitory ef-
fect on the expression of these associated AD markers. In 
vitro studies including LPS-induced BV2 microglia cells 
treated with telmisartan resulted in a significant attenua-
tion of inflammatory mediators’ production including tu-
mor necrosis factor alpha (~ 50% reduction), interleukin 1 
beta (~30% reduction) and nitric oxide (~60% reduction). 
Telmisartan effect on NO production in BV2 cells was 
confirmed in primary neonatal rat glial cells as well. In 
primary microglia cells telmisartan reduced the NO pro-
duction levels by up to 70% and in mixed glial cells by 60 
%. Our data may envision potential intervention with the 
progression of glial activation and AD and suggest an anti-
inflammatory and neuroprotective characteristic for both 
telmisartan and perindopril. Moreover, the non-invasive 
intranasal delivery may serve as an efficient alternative 
for systemic administration to modulate the brain RAS. 

65 
Trem2 deficiency alters Alzheimer’s disease-like 
pathology in mice 

Kelly R. Miller(1,5) - Pascale Eede(1) - K. Peter Nilsson(1,4) 
Frank L. Heppner(1,2,3)

Department of Neuropathology, Charité - Universitätsmedizin 
Berlin, Charitéplatz 1, 10117 Berlin, Germany(1)  
Cluster of Excellence “NeuroCure,” 10117 Berlin, Germany(2) 
Berlin Institute of Health (BIH), 10117 Berlin, Germany(3) 

- Departments of Physics, Chemistry and Biology (IFM), 
Linköping University, Linköping SE-581 83, Sweden(4) - Present 
address: Center for Neurodegenerative Disease Research, 
Perelman School of Medicine, University of Pennsylvania, 
Philadelphia PA 19104, United States(5)

Genome-wide association studies have recently identified 
variations in more than 20 loci that contribute to the risk of 
developing sporadic Alzheimer’s disease (AD), including 
a novel variant in the gene encoding the triggering receptor 

expressed on myeloid cells 2 (Trem2), which triples the 
risk of AD. Trem2 is expressed on myeloid cells including 
microglia in the brain and has previously been shown to 
be involved in regulating microglial phagocytosis and 
survival as well as engaging these cells with amyloid beta 
(Abeta) plaques through lipid sensing.  Animal studies 
aimed at exploring the effects of Trem2 deficiency on 
AD-related neuropathology yielded inconsistent data: 
while Trem2‐deficiency in one Abeta-carrying mouse 
model was shown to ameliorate hippocampal Abeta 
accumulation, it resulted in an increase in yet another 
AD-like mouse model exhibiting cerebral amyloidosis. In 
order to shed more light on the pathogenetic role of Trem2 
in AD, we crossed Trem2 deficient mice to APPPS1 mice 
modeling AD and evaluated AD-like pathology at 120 and 
250 days of age.  Our analyses show that Trem2 deficiency 
in this AD-like mouse model led to significant alterations 
in pathology, thus providing important insights into the 
impact of Trem2 on microglia function in AD and the role 
of microglia in AD pathogenesis in general.

71 
Antibodies against human hypocretin receptor 2 
are rare in idiopathic narcolepsy 

Maria Pia Giannoccaro(1) - Patrick Waters(1)  
Fabio Pizza(2) - Rocco Liguori(2) - Giuseppe Plazzi(2)  
Angela Vincent(1)

Nuffield Department Of Clinical Neurosciences, Oxford 
University, Oxford, United Kingdom(1) - Irccs Institute Of The 
Neurological Sciences Of Bologna, Bellaria Hospital, Bologna, 
Italy(2)

Objectives Narcolepsy (NC) is caused by loss of hypotha-
lamic hypocretin-secreting cells, and has been proposed to 
be autoimmune. Recently NC has been recognized more 
commonly in children following H1N1 vaccination with 
Pandemrix. In 2015 Ahmed et al. proposed a cross-reac-
tivity between H1N1 influenza virus and the hypocretin 
receptor 2 (Hcrtr2), and identified Hcrtr2 autoantibodies 
in 85% of post-vaccination NC patients using a cell based 
ELISA (CBE). We established a cell-based assay (CBA) 
to test a group of idiopathic NC patients for this antibody.
Methods We studied 61 NC patients (41 adults, 20 chil-
dren), including 49 NC type 1 (NT1, NC with cataplexy) 
(48 idiopathic, one post-vaccine) and 12 type 2 (NT2, 
without cataplexy), 22 patients with other sleep disorders 
and 11 healthy controls. Human embryonic kidney cells 
were transiently transfected with a Hcrtr2 construct. 48 
hours post-transfection, live cells were incubated with 
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patients’ serum for 1 h at 1:20 dilution, than fixed and in-
cubated with secondary antibodies Alexa Fluor 568 goat 
anti-human IgG (H + L); positive results were confirmed 
as IgG using goat anti-IgG Fc. For some sera, antibodies 
against the four IgG subclasses were used as secondary 
antibodies. A semi-quantitative scoring system was used 
from 0 to 4 as in other CBAs. Samples scoring ≥ 1 were 
considered positive.
Results Only 3/61 NC (5%) showed a score ≥ 1. The use 
of anti-IgG Fc confirmed that the antibodies were IgG and 
anti-subclass identified IgG3 in two patients and IgG1 and 
IgG2 in one. Positive patients include one NT1 with as-
sociated psychotic features, one NT2 and a patient with 
cataplexy but normal hypocretin-1 (Hcrt-1) CSF levels.
Discussion Compared with, there were only a few NC pa-
tients with Hcrtr2 antibodies. The difference may be relat-
ed to the test used (CBE vs live CBA) or to the population 
included (post-vaccine vs idiopathic NC). Interestingly, 
one patient presented a peculiar phenotype with cataplexy 
and normal levels of Hcrt-1 in the CSF. In dogs, inherited 
NC is related to recessive mutations in the Hcrtr2 gene 
and mutated animals present with normal Hcrt-1 in CSF.
Conclusions Low levels of IgG3 or IgG1antibodies 
against Hcrtr2 are rarely found in patients with idiopathic 
NC. Their clinical and pathogenic significance is unclear 
and further studies are required.

80 
microRNA-146a has therapeutic effects in seizure 
and epilepsy models by reducing the IL-1R1/
TLR4 signaling activation in neurons and glia 

Valentina Iori(1) - Anand Iyer(2) - Luca Beltrame(3) - Lara 
Paracchini(3) - Sergio Marchini(3) - Milica Cerovic(1) - 
Teresa Ravizza(1) - Riccardo Brambilla(4) - Maurizio 
D’incalci(3) - Eleonora Aronica(2) - Annamaria Vezzani(1)

Mario Negri Institute For Pharmacological Research, 
Neuroscience, Milan, Italy(1) - Academisch Medisch Centrum, 
Neuropathology, Amsterdam, Netherlands(2) - Mario Negri 
Institute For Pharmacological Research, Oncology, Milan, 
Italy(3) - San Raffaele Institute, Neuroscience, Milan, Italy(4)

The IL-1R1/TLR4 signaling is activated in human epi-
lepsy and plays a crucial role in the generation of seizures 
in animal models. IL-1R1/TLR4 activation in epilepsy 
may be controlled by promoting the action of the endog-
enous miR-146a, a key modulator of this signalling. Using 
models of acute and chronic seizures induced in C57BL/6 
mice by different doses of kainic acid, we studied the po-

tential therapeutic effects of a synthetic miR-146a mimic. 
Intracerebroventricular (icv) bolus injection of miR-146a 
mimic in naïve mice induced a transient 4-fold increase 
in miR-146a hippocampal levels in neurons and a con-
comitant reduction in IRAK2 and TRAF6, two key pro-
teins associated with signaling activation. This treatment 
decreased by >50% acute symptomatic seizures in mice 
whereas the antagomir by reducing miR-146a brain levels 
was proconvulsive. When miR-146a mimic was icv in-
jected in mice for 2 weeks after they experienced the first 
spontaneous seizures (i.e., after onset of epilepsy), miR-
146a levels were increased in both neurons and glia. In 
these mice, the progression of the disease was prevented 
and they showed a 80% reduction in spontaneous seizures 
compared to control mice injected with the correspondent 
negative control. Mimic treatment showed an added value 
compared to carbamazepine (CBZ), an antiepileptic drug 
used in the clinic, since 2 weeks treatment with CBZ at the 
onset of the disease did not prevent seizure progression. 
Finally, a combination of anti-inflammatory drugs target-
ing the IL-1R1 and TLR4 provided similar results as the 
mimic, thereby reinforcing the importance of this signal-
ing in seizure generation and their progression. We con-
clude that antagonism of IL-1R1/TLR4 pathway is a po-
tential target for disease-modification therapies in epilepsy.

83 
Reduction of Cytosolic Phospholipase A2alpha 
upregulation in the spinal cord delays onset of 
symptoms in the SOD1-G93A  mouse model of 
Amyotrophic Lateral Sclerosis 

Rachel Levy - Yulia Solomonov - Nurit Hadad
Ben Gurion University of The Negev and Soroka University 
Medical Center, Clinical Biochemistry and Pharmacology, 
Beer-Sheva, Israel 

Amyotrophic Lateral Sclerosis (ALS) is a fatal 
multifactorial neurodegenerative disease characterized by 
selective death of motor neurons in the cortex, brainstem 
and spinal cord. Cytosolic phospholipase A2 alpha 
(cPLA2) upregulation and activation in the spinal cord 
of patients with sporadic ALS and in the spinal cord of 
human mutant SOD1 G93A (hmSOD1) transgenic mice 
was recently reported. cPLA2 upregulation in the brain 
and spinal cord was reduced by brain infusion of a specific 
antisense oligonucleotide against cPLA2 (AS) and the 
effect was evaluated on disease progression and brain 
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cells activation. We found that the elevation of cPLA2 
protein expression in the spinal cord was first detected 
at 6 weeks old hmSOD1 mice, and remained elevated 
during their whole lifespan.  Reduction  of the elevated 
expression of cPLA2 in the spinal cord of hmSOD1 mice 
by brain infusion of an AS at week 15 (shortly before the 
appearance of the disease symptoms) for 6 weeks delayed 
the loss of motor neuron  function in comparison with 
hmSOD1 mice and with sense brain infused hmSOD1 
mice. To characterize the effect of cPLA2 upregulation on 
different processes taking place at the appearance of the 
disease symptoms, mice were brain infused with AS or 
with  sense at week 15 for 3-4 weeks.  The AS treatment 
that reduced cPLA2 upregulation in the spinal cord of 
AS treated hmSOD1 mice (as analyzed at week 18-19), 
prevented the reduction in the number of the neurons 
(detected by NeuN), inhibited astrocyte activation 
(detected by GFAP) and microglia activation (detected by 
Iba-1 and by CD40). In addition, AS treatment blunted the 
upregulation of the proinflammatory enzymes iNOS  and 
COX-2 detected in  hmSOD1 mice hmSOD1 mice. Since 
specific reduction of cPLA2 in the brain stem and spinal 
cord cPLA2 significantly attenuated the development 
of the disease,  cPLA2 may offer an efficient target for 
treatment of ALS.

84 
Identification of antibodies against inositol 
1,4,5-triphosphate receptor 1 in cerebellar 
disorders 

Pinelopi Fouka(1) - Harry Alexopoulos(1) - Ioanna Chatzi(1) 
Scarlatos Dedos(2) - Martina Samiotaki(3) - George 
Panayotou(3) - Panagiotis Politis(4) - Athanasios Tzioufas(5) 
Marinos Dalakas(1)

Faculty Of Medicine, University Of Athens, Neuroimmunology 
Unit, Department Of Pathophysiology, Athens, Greece(1) - 
University Of Athens, Department Of Biology, Athens, Greece(2) 
B.s.r.c. “alexander Fleming”, Department Of Molecular 
Oncology, Athens, Greece(3) - Biomedical Research Foundation 
Of The Academy Of Athens, Department Of Histology, Athens, 
Greece(4) - Faculty Of Medicine, University Of Athens, 
Department Of Pathophysiology, Athens, Greece(5)

Background: Several new autoantibodies associated with 
neurological disorders have been identified in recent 
years, including antibodies for cerebellar disorders. A 
small number of patients harbor antibodies against GAD 
as well as antibodies against Purkinje cell antigens such as 
mGluR1, Homer-3 and anti Tr/DNER. 

Objective: To characterize newly identified autoantibod-
ies associated with cerebellar disorders.
Design/methods: Retrospective analysis of patients and 
sera with clinical re-evaluation of seropositive patients.
Results: We first screened 15 patients with cerebellar dis-
ease without any other known associated autoantibodies 
with immunocytochemistry on mouse brain slices. The 
IgG from one patient demonstrated a distinct staining pat-
tern on Purkinje neurons, thus the binding autoantibody 
was further characterized by immunoprecipitation and 
mass spectrometry. This antibody was against inositol 
1,4,5-triphosphate receptor 1 (IP3R1), an intracellular 
channel that mediates the release of Ca2+ from intracel-
lular stores. Anti-IP3R1 was further validated with a cell-
based assay. We then screened the sera of 85 patients with 
suspected autoimmune cerebellar disease in IP3R1-trans-
fected cell lines. Two additional patients were antibody-
positive. 
All three patients presented with cerebellar ataxia; the first 
was eventually diagnosed with primary progressive mul-
tiple sclerosis; the second had a homozygous CAG inser-
tion at the gene TBP, and the third was thought to have a 
neurodegenerative disease.
Conclusions: A novel autoantibody directed against 
IP3R1 was identified. The same autoantibody has 
also been described by another group (Jarius et al, 
J.Neuroinflammation, 2014) in 3 patients with cerebellar 
ataxia. Of interest, a mouse knockout model for IP3R1, 
exhibits ataxia and epilepsy signifying that the functional 
role of this autoantibody and its clinical associations with 
various ataxic and epileptic syndromes merits further in-
vestigation.

94  
CD8 T cell-mediated killing of orexinergic 
neurons induces a narcolepsy-like phenotype in 
mice

Bernard-Valnet Raphaël(1) - Yshii Lidia(1) - Queriault 
Clémence(1) - Nguyen Xuan-hung(1) - Bauer Jan(2)  
Pignolet Béatrice(1) - Dauvilliers Yves(3) - Peyron 
Christelle(4) - Liblau Roland(1)

Centre De Physiopathologie De Toulouse Purpan, Inserm 
U1043, Cnrs 5282, Université De Toulouse III, Toulouse, 
France(1) - Medical University Of Vienna, Center For Brain 
Research, Vienna, Austria(2) - Chu De Montpellier, Neurology 
Department, Montpellier, France(3) - Center For Research In 
Neuroscience, Inserm U1028, Cnrs Umr 5292, Lyon, France(4)

Narcolepsy with cataplexy is a rare and severe sleep disor-
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der caused by the destruction of orexinergic neurons in the 
lateral hypothalamus. The genetic and environmental fac-
tors associated with narcolepsy, together with serologic 
data, collectively point to an autoimmune origin. The cur-
rent animal models of narcolepsy, based on either disrup-
tion of the orexinergic neurotransmission or neurons, do 
no allow to study the potential autoimmune etiology. Here, 
we sought to generate a mouse model allowing decipher-
ing the immune mechanisms leading to orexin+ neuron 
loss and narcolepsy development. We generated mice ex-
pressing the influenza virus hemagglutinin (HA) specifi-
cally in hypothalamic orexin+ neurons (called Orex-HA), 
which were transferred with effector HA-specific T cells 
to assess whether an autoimmune process could be at play 
in narcolepsy. Given the tight association of narcolepsy 
with the HLA-DQB1*06:02 allele, we first tested the 
pathogenic contribution of CD4 Th1 cells. Although these 
T cells readily infiltrated the hypothalamus and triggered 
local inflammation, they did not elicit the loss of orexin+ 
neurons or clinical manifestations of narcolepsy. In con-
trast, the transfer of HA-specific cytotoxic CD8 T cells 
(CTLs) led to both T cell infiltration and specific destruc-
tion of orexin+ neurons. This phenotype was further ag-
gravated upon repeated injections of CTLs. In situ, CTLs 
interacted directly with MHC class I-expressing orexin+ 
neurons, resulting in cytolytic granule polarization toward 
neurons. Finally, drastic neuronal loss caused manifesta-
tions mimicking human narcolepsy, such as cataplexy and 
sleep attacks. This work demonstrates the potential role 
of CTLs as final effectors of the immunopathological pro-
cess in narcolepsy.
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Immune dysfunction in Rett syndrome patients 
revealed by high levels of serum anti-N(Glc) IgM 
antibody fraction 
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Rett syndrome (RTT) a neurodevelopmental disorder af-
fecting exclusively (99%) female infants, is associated to 
loss-of-function mutations in the gene encoding methyl-
CpG binding protein 2 (MECP2) and, more rarely, cyclin-
dependent kinase-like 5 (CDKL5), and forkhead box 
protein G1 (FOXG1). In this study, we evaluated the func-
tion of the immune system by measuring serum immu-
noglobulins (IgG and IgM) in RTT patients (n = 53) and, 
by comparison, in age-matched children affected by non-
RTT pervasive developmental disorders (non-RTT PDD) 
(n = 82) and healthy age-matched controls (n = 29). To 
determine immunoglobulins we used both a conventional 
agglutination assay, and a novel ELISA based on antibody 
recognition by a surrogate antigen probe, CSF114(Glc), 
a synthetic N-glucosylated (N-Glc) peptide. Both assays 
provided evidence for an increase in IgM titer, but not 
in IgG, in RTT patients relative to both healthy controls 
and non-RTT PDD patients. The significant difference in 
IgM titers between RTT patients and healthy subjects in 
the CSF114(Glc) assay (P = 0.001) suggests that this pro-
cedure specifically detects a fraction of IgM antibodies 
likely to be relevant for the RTT disease. These findings 
offered a new insight into the mechanism underlying the 
Rett disease as they unveil the possible involvement of 
the immune system in this pathology [1,2]. With the idea 
in mind that a bacterial infection could trigger anti-N-Glc 
antibodies in Rett syndrome, we took into consideration 
that N-Glc is a prokaryote-specific modification in select-
ed Gram-negative bacteria. It is most commonly found on 
cell-surface proteins, i.e., adhesins biosynthesized as part 
of the three-protein HMW cluster including the N-gluco-
syltransferase HMW1C. These adhesins are abundantly 
displayed on bacterial cell surface, and because they are 
often extensively glycosylated the glycan structures are 
likely to be presented in a multivalent manner, potentially 
favoring robust immunologic responses. Herein we apply 
immunological and biophysical approaches to reveal if a 
hyperglucosylated adhesin HMW1 derived from the op-
portunistic pathogen Haemophilus influenzae (that can 
cause severe infections, occurring mostly in infants and 
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children younger than five years of age) [3] shares a com-
mon glucosylation-dependent epitope with CSF114(Glc).
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Background: Oxidative stress and inflammation exac-
erbate tissue damage in the brain after ischemic stroke. 
Dimethyl-fumarate (DMF) and its metabolite monometh-
yl-fumarate (MMF) are known to stimulate anti-oxidant 
pathways and modulate inflammatory responses. Consid-
ering these dual effects of fumarates, we examined the ef-
fect of MMF treatment after ischemic stroke in mice.
Methods: Permanent middle cerebral artery occlusion 
(pMCAO) was performed using adult, male C57BL/6 
mice. Thirty minutes after pMCAO, 20 mg/kg MMF was 
administered intravenously. Outcomes were evaluated 
6, 24 and 48 hours after pMCAO. First, we examined 
whether a bolus of MMF was capable of changing expres-
sion of kelch-like erythroid cell-derived protein with CNC 
homology-associated protein 1 and nuclear factor ery-
throid 2-related factor (Nrf)2 in the infarcted brain. Next, 
we studied the effect of MMF on functional recovery. To 
explore mechanisms potentially influencing functional 
changes, we examined infarct volumes, the expression of 
heat shock protein (Hsp)72 and inducible nitric oxide syn-

thase (iNOS) in the infarcted brain using real-time PCR 
and Western blotting. Concentrations of a panel of pro- 
and anti-inflammatory cytokines (IFNã, IL-1â, IL-2, IL-4, 
IL-5, IL-6, IL-10, IL-12p70, TNF) were examined in both 
the infarcted brain tissue and plasma samples 6, 24 and 48 
hours after pMCAO using multiplex electrochemolumi-
niscence analysis.
Results: Administration of MMF increased the protein 
level of Nrf2 after pMCAO and improved functional 
outcome both at 24 and 48 hours after pMCAO. MMF 
treatment did not influence infarct size, however resulted 
in increased Hsp72 expression in the brain 6 hours after 
pMCAO. MMF treatment also increased the level of the 
anti-inflammatory cytokine IL-10 in the brain and plasma 
6 hours after pMCAO, and additionally reduced the level 
of the pro-inflammatory cytokine p70 in the brain at 24 
and 48 hours after pMCAO. 
Conclusions: A single intravenous bolus of MMF im-
proved sensory-motor function after ischemic stroke and 
increased the levels of the neuroprotective protein Hsp72 
in the brain. The early increase in IL-10 and reduction in 
IL-12p70 in the brain combined with changes in systemic 
cytokine levels may also contribute to the functional re-
covery after pMCAO.

105 
Increased concentration of IL-23 and IL-16 in 
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Background: Neuromyelitis optica spectrum disorder 
(NMOSD) is caused by antibodies against aquaporin 4 
(AQP4) in the majority of cases. Seronegative cases of 
NMOSD can be associated with systemic autoantibodies 
against myelin oligodendrocyte glycoprotein (MOG).
Objectives: To examine if the levels of AQP4 and MOG 
antibodies correlate with increased cytokine and chemo-
kine responses in order to explore the potential role of 
other cell types in the pathogenesis of NMOSD.
Methods: Serum samples from 79 patients fulfilling the 
2015 (IPND) criteria for NMOSD and 22 healthy controls 
(HC) were examined. IgG1 and IgM anti-AQP4 and anti-
MOG antibodies were determined by cell-based flow cy-
tometry assays with human glioblastoma cell line stably 
transduced using a lentiviral vector to overexpress human 
AQP4-M23 or MOG. Cytokines and chemokines were 
measured by the Mesoscale Discovery technique (Meso-
scale Discovery, Rockville, USA). Concentration of those 
cytokines, which showed positive correlation with anti-
body levels, was compared between NMOSD and HC. 
Results: Serum samples from 79 NMOSD patients con-
tained AQP4 IgG, and 2 AQP4-antibody negative sam-
ples contained anti-MOG IgG. None of the samples con-
tained IgM AQP4 or MOG antibodies.  Samples from 55 
NMOSD patients contained significantly elevated con-
centrations of interleukin (IL)-16 and IL-23 compared to 
healthy controls. The concentrations of these cytokines 
were found to correlate with the levels of AQP4 IgG1 in 
the sera.
Conclusion: Levels of AQP4 IgG antibodies correlated 
with increased concentration of proinflammatory cytokine 
responses in 55 patients with NMOSD. Particularly, cor-
relation of antibody levels with elevated concentration of 
IL-23 in the sera may suggest that Th17 responses may 
contribute to NMO pathogenesis.
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Restoration of the peripheral immune/
inflammatory response correlates with brain 
injury recovery in a murine model of Alzheimer 
disease 
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Sciences, Catania, Italy

Neuroinflammation in Alzheimer disease (AD) is trig-
gered by accumulating amyloid beta (AB) in the brain 
and is characterized by increased expression of mediators, 

including cytokines belonging to the Tumor Necrosis Fac-
tor (TNF) superfamily. In fact, proliferation of activated 
microglia producing TNF-alpha and Monocyte Chemoat-
tractant Protein-1 (MCP-1) has been observed either in 
AD animal models, as well as in the human AD brain. 
Among these, Tumor Necrosis Factor Related Apoptosis 
Inducing Ligand (TRAIL) is a potent proapoptotic mem-
ber of the TNF superfamily involved in either peripheral 
inflammatory processes, as well as in neurodegeneration-
related neuroinflammation, and its immunoneutralization 
results in neuroprotection and improvement of functional 
outcomes in various models of neurodegeneration. Up-to-
date, little is known about changes in peripheral immune 
response in course of AD. Here, we investigated the in-
flammatory process in the spleens of a transgenic model 
of AD, the 3xTg-AD mouse, and whether treatment with a 
TRAIL neutralizing antibody could also be related to im-
provement of peripheral inflammatory/immune parame-
ters in the 3xTg-AD mouse. The effects of such treatment 
on the morphology of the spleen, as well as on the splenic 
expression of TRAIL, and its Death Receptor 5 (DR5), 
as well as inflammatory mediators were then studied in 
3xTg-AD mice. Treatment with the TRAIL neutralizing 
antibody resulted in improvement of splenic morphology 
and in decreased splenic expression of inflammatory mol-
ecules. Finally, neutralization of TRAIL in 3xTg-AD mice 
resulted in restrained peripheral inflammatory response, 
and correlated centrally with improvement of functional 
and tissue parameters. Thus, it is plausible to regard the 
peripheral immune response as an additional target for 
innovative treatment of neuroinflammatory disorders re-
lated to neurodegenerative diseases such as AD.
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Recent studies highlighted the detrimental contribution 
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of B cells and their antibodies to spinal cord injury (SCI) 
pathology. These studies furthermore revealed that a vast 
variety of antigenic targets is present upon a SCI. To date, 
however, only a limited number of these antibody targets 
has been identified. In order to unravel the full antigenic 
repertoire in SCI patients, we applied Serological Antigen 
Selection (SAS), an unbiased and high-throughput anti-
body profiling procedure based on phage display. A high 
quality human spinal cord cDNA phage display library was 
constructed and affinity selected with pooled plasma from 
traumatic SCI patients (identification cohort, n=10) to en-
rich for targets recognized by SCI-induced antibodies. An-
tibody reactivity toward selected targets was subsequently 
tested in additional SCI patients (validation cohort, n=41) 
and age- and gender-matched controls (n=49). We identi-
fied 19 highly enriched antigenic targets to which increased 
immunoreactivity was detected in the identification cohort 
of traumatic SCI patients (n=10) compared to the control 
group. Large scale screening confirmed antibody reactivi-
ty toward 9 of the 19 targets. Elevated antibody levels to at 
least 1 of the 9 targets was found in more than half of our 
total SCI patient cohort (n=51) with a specificity of 73%. 
By combining 6 of the 9 targets into a panel, almost half 
of the SCI patients could be identified while increasing the 
specificity to 82%. These results significantly contribute to 
unravelling the antibody signature present in SCI patients 
and extend our knowledge of the underlying neuroinflam-
matory processes in SCI pathology.
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Regulatory Role of Cytosolic Phospholipase A2 
Alpha in Induction of CD40 in Microglia 
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The aberrant expression of CD40, a co-stimulatory recep-
tor, is involved in the initiation and maintenance of vari-
ous degenerative diseases including multiple sclerosis and 
Alzheimer’s disease. Our previous study demonstrated 
that reduction of the elevated cytosolic phospholipase A2 
alpha (cPLA2) protein expression and activation in the 
spinal cord of a mouse model of ALS, hmSOD1 G93A, 
inhibited CD40 up-regulation in microglia. The present 
study aimed to determine whether cPLA2 has a direct role 
in the signal transduction leading to CD40 induction in 
microglia cultures induced by Lipopolysaccharide (LPS) 

or IFN gamma (IFN). Cultures of primary mouse microg-
lia or BV-2 microglia cell line were incubated with either 
LPS or IFN for 24 - 48 h caused a significant elevation of 
cPLA2 and CD40, while prevention of cPLA2 upregula-
tion by specific oligonucleotide antisense against cPLA2 
(AS) prevented the induction of CD40, suggesting a role 
of cPLA2 in the induction of CD40. The involvement of 
two transcription factors, NFkB and STAT1a, were re-
cently reported in the induction of CD40 by either LPS 
or IFN but in different time scales. Addition of LPS to 
microglia caused an immediate activation of cPLA2 as 
detected by its phosphorylated form, while at 4 h by IFN. 
Both inducers caused a significant cPLA2 up-regulation at 
24h. Inhibition of cPLA2 activity inhibited the production 
of superoxides by NOX2-NADPH oxidase and the activa-
tion of NFkB detected by the phosphorylation of p65 on 
Serine 536 at 15min by LPS and at 4h by IFN. Inhibition 
of NOX-2, by 5uM DPI, prevented CD40 induction but 
did not affect cPLA2 activation, suggesting that cPLA2 is 
upstream to NOX-2 and NFkB. We show that the activa-
tion of cPLA2 at 15min by LPS was mediated by both 
TRIF and MyD88 dependent pathways, while the activa-
tion of cPLA2 by IFN was mediated by the release of TNF 
alpha at 4h. The early activation of STAT1a (detected by 
p-Ser727 and p-Tyr701) by IFN and the late activation of 
STAT1a induced by LPS were not affected in the presence 
of cPLA2 inhibitors suggesting that STAT1a is not under 
cPLA2 regulation. Our results show for the first time that 
cPLA2 regulates CD40 induction by either LPS or IFN 
and this regulation is mediated via activation of NOX2-
NADPH oxidase and NFkB. Thus, cPLA2 may serve as 
an amplifier of the inflammatory response in the CNS and 
regulating its activity may be used as neuroprotective ap-
proach against neurodegenerative processes.
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Objective: To examine if there is widespread inflamma-
tion in the brain of patients with CLIPPERS syndrome by 
using histology and ultrahigh field MRI at 7.0 Tesla (T).
Methods: Here, we performed a detailed neuropathologi-
cal examination in 4 cases including one autopsy case, 
and studied 2 additional patients by MRI at 7.0 T to ex-
amine (i) extension of inflammation to areas appearing 
normal on 3.0 T MRI, (ii) potential advantages of 7.0 T 
MRI compared to 3.0 T MRI in reflecting wide-spread 
inflammation, perivascular pathology and axonal dam-
age, and (iii) the possibility of lymphoma. Results: In the 
autopsy case, perivascular inflammation dominated by 
CD4+ T cells was not only detected in the brainstem and 
cerebellum but also in brain areas with normal appear-
ance on 3.0 T MRI, including supratentorial regions and 
cranial nerve roots. There was no evidence of lymphoma 
in any of the 4 patients. 7.0 T MRI in clinical remission 
also revealed supratentorial lesions and perivascular pa-
thology in vivo with contrast enhancing lesions centered 
around a small venous vessel. Ultrahigh field MRI at 7.0 T 
disclosed prominent T1 hypo-intensities in the brainstem, 
which were not seen on 3.0 T MRI. This corresponded to 
neuropathological detection of axonal injury in the autop-
sy case. Conclusions: Our findings suggest a more wide-
spread perivascular inflammation and postinflammatory 
axonal injury in patients with CLIPPERS.

134 
Aberrant activation of classical complement 
pathway mediates synaptic loss in a mouse model 
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Spinal muscular atrophy (SMA) is a neurodegenerative 
disease caused by reduced levels of the ubiquitously ex-
pressed SMN protein. The hallmarks of SMA are loss of 
motor neurons and abnormal postural reflexes. We have 
previously shown that decreased number of proprioceptive 
synapses and sensory-motor circuit dysfunction precedes 
motor neuron loss. The mechanisms leading to this selec-
tive synapse loss on SMN deficient motor neurons remain 
unknown. Here we investigated whether complement-de-
pendent pathways are activated and cause synapse elimi-
nation in SMA. Immunohistochemical assays in a mouse 
model of SMA, revealed that C1q, the initiating protein of 
the classical complement cascade, associates abnormally 
with excitatory - but not inhibitory - synapses on motor 
neurons. We show further that both C1q and C3, a down-
stream complement protein, are tagging proprioceptive 
(VGluT1+) synapses on vulnerable motor neurons. Fur-
thermore we show that synaptic elimination is mediated 
by phagocytic activity of reactive microglia. Additionally, 
we find that microglia is the major source of C1q in the 
SMN deficient spinal cord. Finally, we asked whether im-
munotherapy by in vivo blockade of C1q with a mono-
clonal anti-C1q antibody, rescues synapses destined to be 
eliminated and whether prevention of early synaptic loss 
alleviates the severe SMA mouse phenotype. Strikingly, 
behavioral and morphological analysis revealed signifi-
cant rescue of proprioceptive synapses, improved righting 
times, posture and lifespan. Physiological assays employ-
ing the spinal cord ex vivo preparation demonstrated that 
blockade of C1q in a mouse model of SMA rescues syn-
apses, and importantly, that synapses rescued from elimi-
nation are functional. Collectively, our findings suggest 
that aberrant activation of classical complement pathway 
coupled with microglial phagocytic activity mediates syn-
aptic loss in a mouse model of SMA and identify blockade 
of C1q as a novel therapeutic target.
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Many neuropathologies, including Alzheimer’s disease 
and Parkinson’s disease, are characterized by the aggre-
gation of proteins into highly structured fibrils. Although 
it is widely recognized that misfolded protein oligomers 
which form early in the aggregation process are toxic 
to cells, the mechanisms leading to neurodegeneration 
are still poorly understood. Because the immune system 
readily becomes activated upon sensing ‘danger’ stimuli, 
we studied the microglial inflammatory response trig-
gered by pre-fibrillar aggregates, taking advantage of the 
structurally different HypF-N oligomers: toxic type A 
and nontoxic type B, previously shown to be an excel-
lent model system in the context of neurodegeneration 
associated with protein aggregation. We stimulated N13 
cells and murine primary microglial cultures with exog-
enously added HypF-N oligomers at concentrations be-
low their cytotoxicity threshold. A set of key cytokines, 
IL-1β, IL-6, TNF-α and IL-10, were assayed by ELISA. 
Our results show that, even though both types of oligo-
mers exert a significant pro-inflammatory response, type 
B species are stronger inducers of pro-inflammatory cyto-
kines. Moreover, the concentration of oligomers needed 
to trigger cytokine release has been found to be two orders 
of magnitude lower than that needed to observe toxicity. 
To gain insight into the interactions between the aggre-
gates and proteins within microglial cells, we performed 
an investigation at the cellular and molecular levels. A 
confocal microscopy analysis reveals that, whereas type 
A oligomers are internalized into the cells, type B oligo-
mers remain attached to the cell membrane. The ability of 
the oligomers to bind to proteins extracted from microglia 
cells was tested by pull-down assays followed by GeLC-
MS/MS (in-gel tryptic digestion followed by liquid chro-
matography-tandem mass spectrometry). Identification 
and quantification of protein members of the oligomer 
interactomes were determined with the MaxQuant soft-
ware. The proteomic analysis shows that the two types of 
oligomers bind to essentially the same proteins, but type 
B have a higher propensity to bind proteins than do type 
A oligomers. In the interactomes we identified a pool of 
proteins that could be largely responsible for the elicited 
inflammatory response. Overall, our results reveal a link 
between the structural and biophysical features of two dif-
ferent types of oligomers and their immunological effects 
in the context of neuroinflammation.
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Amyloid beta-reactive T cells as plaque-targeted 
immune modulators in mouse models of 
Alzheimer’s disease 
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One of the Alzheimer’s disease (AD) hallmarks is the 
accumulation of amyloid beta (A-beta) peptides in brain 
regions associated with learning and memory, a process 
which causes synaptotoxocity, neurotoxicity and neu-
ronal loss. Neuroimmune modulation via cytokines and 
neurotrophic factors represents a promising approach to 
induce the clearance of A-beta plaques as well as for neu-
ronal protection and repair. Previous studies from our lab 
demonstrated that intracerebroventricular (ICV)-injected 
A-beta-reactive T cells migrate into the brain of APP/PS1 
Tg mice, target A-beta plaques and impact on the inflam-
matory milieu in the brain. Moreover, ICV injection of 
T-cells resulted in enhanced A-beta clearance and neu-
rogenesis with no apparent chronic brain inflammation 
and neuronal loss.  Here we study the neuroinflammatory 
effects of ICV-injected A-beta-reactive Th1 cells in the 
5XFAD mouse model of AD. We found that ICV adminis-
tration of A-beta-reactive T cells results in their migration 
to sites of A-beta plaques along with increased frequency 
of Iba1+MHCIIhigh microglia, a significant decrease in 
A-beta plaque and oligomer load and reduced GFAP (glial 
fibrillary acidic protein) expression in reactive astrocytes. 
We also demonstrate that ICV injection of A-beta-reactive 
T cells modulates the expression of synaptic proteins in 
brain areas with A-beta deposits. These unique capabili-
ties of CD4 T-cells to migrate into the brain may allow a 
new strategy for delivering therapeutic proteins to sites of 
neuronal damage. 

200 
The clinical significance of polymorphonuclear 
leukocytes in the cerebrospinal fluid in patients 
with aquaporin-4 antibody-positive myelitis 

Hiroshi Kuroda(1) - Toshiyuki Takahashi(1) - Douglas 
Kazutoshi Sato(1) - Yoshiki Takai(1) - Shuhei Nishiyama(1) 
Tatsuro Misu(2) - Ichiro Nakashima(1) - Kazuo Fujihara(2)  
Masashi Aoki(1)
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Tohoku University Graduate School Of Medicine, Department 
Of Neurology, Sendai, Japan(1) - Tohoku University Graduate 
School Of Medicine, Department Of Multiple Sclerosis 
Therapeutics, Sendai, Japan(2)

Background: Granulocytes, a major player in innate im-
munity, are counted as polymorphonuclear leukocytes 
(PMNL) in cerebrospinal fluid (CSF) examination. Pa-
tients with aquaporin-4 (AQP4) antibody-positive my-
elitis often show an increase in CSF-PMNL. However, 
differences between patients with increased CSF-PMNL 
and those without increased CSF-PMNL were not fully 
known.
Objective: To clarify characteristics of patients with 
AQP4 antibody-positive myelitis presenting increased 
CSF-PMNL.
Methods: We compared clinical characteristics of patients 
with AQP4-positive myelitis presenting increased CSF-
PMNL (> 5/mm3) to those presenting no increase in CSF-
PMNL (< 6/mm3).
Results: Three hundred and fifty patients (median age 54 
years, 81% female) were enrolled. In the 350 patients, 
53 patients showed increased CSF-PMNL and 297 pa-
tients did not. The prevalence of longitudinally extensive 
transverse myelitis was higher in patients with increased 
CSF-PMNL (51/53, 96%) than that in patients without 
increased CSF-PMNL (255/297, 86%) (P < 0.05). The 
longitudinal lengths of spinal cord lesion were longer in 
patients with increased CSF-PMNL (median 8 vertebral 
segments, interquartile range 4.5-12) than those in pa-
tients without increased CSF-PMNL (median 5 vertebral 
segments, interquartile range 3-7) (P < 0.0001). The Ex-
panded Disability Status Scale scores were higher in pa-
tients with increased CSF-PMNL (median 7, interquartile 
range 5-8.5) than those in patients without increased CSF-
PMNL (median 5, interquartile range 3-8) (P < 0.001).
Conclusions: In patients with AQP4-positive myelitis, 
patients with increased CSF-PMNL showed more severe 
myelitis than those without increased CSF-PMNL.

203 
Dissecting autoreactive T cell response in CNS 
autoimmunity 

Eric Armentani(1,5) - Daniela Latorre(1) - Ulf Kallweit(2) - 
Mauro Manconi(3) - Ramin Khatami(4) - Claudio Bassetti(2) 
Antonio Uccelli(5) - Federica Sallusto(1)

Center Of Medical Immunology, Institute For Research In 
Biomedicine, Universita` Della Svizzera Italiana, Bellinzona, 
Switzerland(1) - Inselspital, Department Of Neurology, Bern, 

Switzerland(2) - Neurocenter Of Southern Switzerland, Ente 
Ospedaliero Cantonale, Lugano, Switzerland(3) - Klinik 
Barmelweid, Center For Sleep Medicine, Sleep Research 
And Epileptology, Barmelweid, Switzerland(4) - Department 
Of Neuroscience, Rehabilitation, Ophthalmology, Genetics, 
Maternal And Child Health, University Of Genoa, Genoa, 
Italy(5)

Several autoimmune diseases target the central nervous 
system (CNS), among which multiple sclerosis (MS) is 
the most common form, affecting approximately 2.5 mil-
lion people worldwide. Beyond classical CNS autoim-
mune syndromes, others neurological disorders may be 
caused by autoimmune processes, such as narcolepsy 
(NC), a rare chronic neurological disorder characterized 
by the selective loss of hypocretin (HCRT) producing 
neurons. Many evidences support the notion that NC, like 
MS, is a T cell-mediated autoimmune disease; genome-
wide association studies showed a strong association with 
HLA-II DQB1*06:02, and antibodies against the influ-
enza nucleoprotein were shown to cross-react with HCRT 
receptor 2 in H1N1 virus infected patients, which might 
explain the increased number of NC cases in Europe and 
Asia after Pandemrix® vaccination. Moreover, familiar 
NC has been associated to myelin oligodendrocyte gly-
coprotein (MOG) missense mutations, underling the link-
age between these two CNS autoimmune diseases. Hence 
potential links between NC and MS become relevant and 
might help to provide a better understanding of immune-
related processes in the pathophysiology of CNS autoim-
munity. We are combining antigenic stimulation, T cell 
cloning, and TCR deep sequencing to characterize the T 
cell response in MS patients and in narcoleptic-cataplectic 
HLA-DQB1*06:02-positive patients. T cells were iso-
lated from blood and, when available, cerebrospinal fluid 
(CSF), and either directly stimulated with relevant anti-
gens (myelin basic protein MBP, MOG or prepro-HCRT) 
or expanded polyclonally to generate T cell libraries, 
subsequently interrogated for antigen-specific reactiv-
ity. HCRT-reactive CD4+ T cell clones could be isolated 
from the blood of narcoleptic patients, but not in HLA-
DQB1*06:02-positive control donors, demonstrating for 
the first time the existence of expanded HCRT-reactive 
CD4+ T cells. The clones used different TCR alfa/beta 
and recognized several regions of the prepro-HCRT pro-
tein. Next-generation TCR sequencing was performed on 
total T cells from blood and CSF in order to gather in-
formation on NC patients’ TCR repertoire, to search for 
shared clonotypes, and to define expansion and localiza-
tion in vivo of HCRT-reactive T cell clones. Experiments 
in MS patients are ongoing. Collectively, the combined 
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approaches are allowing us to decode the dynamics of the 
T cell response in CNS autoimmunity and may be useful 
for the design of novel therapeutic strategies.

213 
Study of stroke outcome after experimental 
cerebral ischemia of the aged

Giorgia Serena Gullotta(1) - Donatella De Feo(1) - Norma 
Maugeri(2) - Paola Ronchi(3) - Andrea Bergamaschi(4) 
Mattia Gallizioli(1) - Giancarlo Comi(1) - Gianvito 
Martino(1) - Marco Bacigaluppi(1)

San Raffaele Scientific Institute, Università Vita-salute San 
Raffaele, Division Of Neuroscience- Inspe- Institute Of 
Experimental Neurology, Neuroimmunology Unit, Milan, Italy(1) 
- San Raffaele Scientific Institute, Division Of Regenerative 
Medicine, Stem Cells, And Gene Therapy, Immunohematology 
And Transfusion Medicine Unit, Milan, Italy(2) - San Raffaele 
Scientific Institute, Division Of Immunology, Transplantation 
And Infectious Diseases, Autoimmunity & Vascular 
Inflammation Unit, Milan, Italy(3) - San Raffaele Scientific 
Institute, Division Of Neuroscience- Inspe- Institute Of 
Experimental Neurology, Neuroimmunology Unit, Milan, Italy(4)

Background: During ageing the brain, the vascular and 
the immune system undergo a series of structural and 
functional modifications that alter the response to injury. 
One of the consequences of this decline is that ischemic 
stroke mainly affects the elderly population that, compared 
to the young, shows a worse clinical outcome in terms of 
disability and mortality. We here studied stroke outcome, 
cerebral microvessel and the inflammatory profile of aged 
mice after cerebral ischemia.
Material & Methods: Young (2 months) and aged (>18 
months) C57Bl/6J mice were subjected to 45 minutes 
transient middle cerebral artery occlusion (MCAo). Func-
tional outcome, histological and cytometry analyses were 
performed on blood, bone marrow and on the brain before 
and up to 3 days post ischemia (dpi).
Results: Aged mice display after MCAo worse disability 
and higher mortality compared to young mice. Cerebral 
microvessels from aged ischemic mice showed an in-
creased no-reflow phenomenon as documented by laser 
Doppler flowmetry, erythrocyte entrapment, as well as 
blood vessel constrictions. Although no overt blood brain 
barrier change was noted, aged mice showed augmented 
nitrosative stress in the peri-ischemic area. Interestingly 
aged mice were found to have increased brain-infiltrating 
granulocytes after stroke. Depletion of neutrophils in the 
aged reduced the reperfusion deficit, and induced behav-

ioural amelioration although no overt reduction in mortal-
ity was noted.
Discussion: In conclusion, our data show that age-relat-
ed functional changes of the blood-brain barrier and of 
inflammatory cells, while not affecting its permeability 
properties, may impair its vasoregulatory capacity. Aged 
mice suffer from increased no-reflow phenomenon that 
seems to underlie the increased brain injury, disability and 
mortality.

218 
Leukocyte subtype counts in the acute phase 
of ischemic stroke are predictive of functional 
outcome and hemorrhagic complications 
independently of infections.  

Aurora Semerano (1) - Davide Strambo (2) - Gianvito 
Martino (1) - Giancarlo Comi (2) - Luisa Roveri (2) - Marco 
Bacigaluppi (1)

San Raffaele Scientific Institute, Department Of Neurology - 
Institute Of Experimental Neurology, Inspe, Milan, Italy (1) - San 
Raffaele Scientific Institute, Department Of Neurology, Milan, 
Italy (2)

Background: leukocyte subtypes play both detrimental 
and protective different roles after acute ischemic stroke, 
both in the brain and in the periphery. They mediate com-
plex detrimental as well as beneficial interactions such as 
microvascular reperfusion impairment, blood brain bar-
rier disruption, and development of post-stroke infections 
as well as contribute to plasticity and neuroprotection 
processes. We investigated the association between leuko-
cyte subtype counts in the acute phase of ischemic stroke 
with hemorrhagic complications and functional outcome. 
Methods: we retrospectively examined 633 patients with 
acute ischemic stroke or transient ischemic attack (TIA), 
admitted to our hospital within 4.5 h from symptom onset 
between 2009- 2015. One hundred twenty-three patients 
with history of previous recent infections, haematological 
malignancies or pre-stroke functional dependence (modi-
fied Rankin Scale, mRS>2) were excluded. Blood sam-
ples for complete blood cell counts, CRP, glucose and fi-
brinogen were collected within 48h from symptom onset. 
Results: after adjustment for age, thrombolysis adminis-
tration, baseline stroke severity score (NIH Stroke Scale, 
NIHSS) and early post-stroke infections, lymphocyte 
counts resulted positively associated with better 3-month 
functional outcome (modified Rankin Scale<3, p=0.014, 
OR 1.607, 95%IC 1.102-2.343); moreover, higher neu-
trophil counts (p=0.001, OR 1.238, 95%IC 1.089-1.408) 
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as well as lower lymphocyte (p=0.002, OR 0.245, 95%IC 
0,099-0.605) and eosinophil (p=0.017, OR 0.907, 95%IC 
0.837-0,983) counts were independently associated to 
death within 3 months from stroke onset (mRS=6). Pa-
tients who developed hemorrhagic transformation (HT) 
and parenchymal hematoma (PH) had higher neutrophil 
counts (respectively, p=0.019, OR 1.123, 95% IC 1.019-
1.237; p=0.001, OR 1.286, 95% IC 1.114-1.484). Finally, 
the neutrophil/lymphocyte ratio (NLR) was found to be as-
sociated with poor outcome (p=0.043, OR 0.907, 95%IC 
0.826-0.997), death within 3 months (p=0.004, OR 1.104 
95%IC 1.032-1.180) as well as with HT (p=0.050, OR 
1.058, 95%ic 1.000-1.119) and PH (p=0.001, OR 1.173 
95%IC 1.072-1.284). Conclusions: leukocyte subtype 
counts and NLR ratio represent independent predictors of 
outcome and result associated with haemorrhagic compli-
cations, thus embodying readily available biomarkers of 
the immune response to stroke. The investigation of the 
mechanisms that might underlie these effects could fur-
ther provide new therapeutical targets.

229 
Experimental stroke induces formation of B cell 
aggregates in the brain and production of CNS-
reactive antibodies.

Katarzyna Winek(1) - Tian Zhang(1) - Claudia Dames(2) Ewa 
Andrzejak(1) - Christian Meisel(2) - Andreas Meisel(1)

Charité – Universitätsmedizin Berlin, Department Of 
Experimental Neurology, Berlin, Germany(1) - Charité – 
Universitätsmedizin Berlin, Institute For Medical Immunology, 
Berlin, Germany(2)

Central nervous system (CNS) injury, including ischemic 
stroke, induces local inflammatory reaction and facilitates 
infiltration of immune cells to the injured tissue, due to 
the compromised blood-brain barrier. Experimental and 
human studies provide information about the kinetics of 
these events. Stroke initiates activation of microglia, fol-
lowed by infiltration of neutrophils, monocytes/macro-
phages, T cells and B cells to the ischemic brain. Recent 
experimental data established a link between infiltration 
of B lymphocytes/plasma cells, local IgG production and 
cognitive impairment, one of the common complications 
after stroke. 
Our group investigated infiltration of B-lymphocytes, 
presence of autoantibodies and cognitive phenotype in 
C57BL/6J mice 49 days after experimental stroke (middle 
cerebral artery occlusion, MCAo).
We found accumulation of B cells in the ischemic brain 

49 days after MCAo. Interestingly, infiltrating B-lympho-
cytes formed aggregates reminiscent of the follicle-like 
structures. Additionally ca. 18 % of MCAo animals de-
veloped serum antibodies reactive to the antigens of the 
central nervous system. We observed a trend towards de-
creased cognitive performance in Y maze and novel ob-
ject recognition test. 
In the next studies we aim to investigate the kinetics of 
B cells infiltration, assess the follicle-like aggregates and 
factors facilitating their formation. Additionally, we will 
characterize the autoantibodies induced by MCAo. Im-
portantly, B cells and plasma cells may pose a new thera-
peutic target in stroke and its complications. 

230 
Circulating myelomonocytic cells do not infiltrate 
the spinal cord of the mSOD mouse model of 
ALS. 

Coral-ann Lewis(1) - Charles Krieger(2) - Fabio Rossi(1)

Biomedical Research Centre, University Of British Columbia, 
Vancouver, Canada(1) - Department Of Biomedical Physiology 
And Kinesiology, Simon Fraser University, Burnaby, Canada(2)

The neuroinflammatory response in the mutant superoxide 
dismutase 1 (mSOD) mouse model of amyotrophic lateral 
sclerosis (ALS) has been demonstrated to influence the 
progression of motoneuron death. Contention as to wheth-
er blood myelomonocytic cells infiltrate the spinal cord 
parenchyma over the course of disease persists, owing to 
contradictory reports in the literature. If myelomonocytic 
cell infiltration into the mSOD spinal cord does occur, this 
represents a potential site of therapeutic intervention and 
thus clarity on this issue is of clinical importance. To this 
end we created bone marrow (BM)-chimeric mSOD mice 
using a novel parabiosis/irradiation/separation procedure 
to assess the infiltration of blood myelomonocytic cells 
into the mSOD spinal cord. Our results demonstrate that 
while blood myelomonocytic cells do accumulate within 
the perivascular regions of the mSOD spinal cord, there 
is no appreciable entry of these cells into the spinal cord 
parenchyma.  Furthermore, using single-cell gene expres-
sion analysis, we demonstrate that microglia acquire het-
erogeneous gene expression patterns over the course of 
disease, none of which fit into the classical “M1” or “M2” 
patterns of macrophage activation. 
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243 
The double edged sword of immunostimulation 
after stroke. 

Claudia Dames(1) - Katarzyna Winek(2) - Andreas Meisel(2) 
Christian Meisel(1)

Institute For Medical Immunology, Charité - 
Universitätsmedizin, Berlin, Germany(1) - Department Of 
Experimental Neurology, Charité - Universitätsmedizin, Berlin, 
Germany(2)

Pulmonary infection is a highly relevant complication 
and leading cause of death in patients after acute cen-
tral nervous system (CNS) injury, including ischemic 
stroke. The high incidence of pneumonia in these patients 
is likely to be the result of a temporary stroke-induced 
immunodepression. Recent clinical trials demonstrated 
that preventive antibiotic therapy fails to reduce the inci-
dence of pneumonia and to improve outcome. Hence, new 
therapeutic avenues to improve pulmonary host defences 
may be required to prevent development of bacterial in-
fections and improve outcome. Pre-activation of the pul-
monary immunity by local or systemic administration of 
immunostimulatory cytokines or Toll-like receptor (TLR) 
ligands is one such approach. Due to the compromised 
blood-brain barrier after stroke a stimulation of the im-
mune system may also increase inflammatory responses 
in the ischemic brain and thereby worsen the neurological 
outcome. In a mouse model of focal cerebral ischemia we 
analysed the efficacy and safety of different local immu-
nostimulatory treatments including application of granu-
locyte macrophage colony-stimulating factor (GM-CSF), 
interferon-gamma (IFNgamma) and the TLR2 ligand 
macrophage-activating lipopeptide-2 (MALP-2) to re-
verse stroke-induced susceptibility to pulmonary bacterial 
infections. To determine whether local treatment can be 
safely applied without adverse neurological side-effects 
we investigated brain lesion development and neurologi-
cal long-term outcome by magnetic resonance imaging 
(MRI) and assessing focal neurological malfunction and 
motor function by gait analysis.

246 
Brain immune surveillance alterations in 
transgenic models of Alzheimer’s disease-like 
amyloid pathology 

Maria Teresa Ferretti(1) - Claudia Spaeni(1) - Christoph 
Gericke(1) - Nora Schweizer(2) - Tobias Suter(2) - Luka 
Kulic(1) - Roger M. Nitsch(1)

Institute For Regenerative Medicine (irem), University Of 
Zurich, Schlieren, Switzerland(1) - Neurology, Neuroimmunology 
And Multiple Sclerosis Research, University Hospital Zurich, 
Zurich, Switzerland(2)

A mounting body of evidence indicates that brain immune 
cells fail to eliminate neurotoxic aggregates of amyloid 
beta peptide (Abeta) in Alzheimer’s disease (AD). Why 
the immune system in AD patients is unable to phagocyte 
Abeta is a crucial, yet unanswered question in the field. 
Our work was designed to test the hypothesis that 
inefficient phagocytosis is part of a larger immune fail-
ure in AD, whereby aggregated Abeta escapes brain im-
mune surveillance by actively inhibiting it. To study the 
effect of Abeta on the trafficking and activation status of 
T-cells and antigen presenting cells (APCs), we have first 
analysed by confocal microscopy and flow-cytometry im-
mune cells from aged APP transgenic (tg) mice brains, 
harboring abundant cerebral amyloidosis. Increased num-
bers of infiltrating T-cells were found in amyloid-bur-
dened brain regions of tg mice; however the infiltrating 
T-cells in tg brains did not co-localise with 6E10-positive 
amyloid plaques, produced less interferon-gamma than 
those in control mice and did not proliferate locally, as 
judged by the low expression of Ki67. Bona-fide dendritic 
cells (identified via flow-cytometry as CD45hi, CD11b+, 
CD11c+, MHC-II+) were virtually absent from the brain 
parenchyma of both non-tg and tg mice, and APCs from tg 
brains showed an immature phenotype, with accumulation 
of MHC-II in intracellular compartments. Furthermore, to 
investigate the role of functional B and T cells in amyloid 
clearance, we have generated RAG2-deficient APP-PS1-
dE9 tg mice either via crossbreeding of APP-PS1-dE9 
with RAG2-ko mice, as well as via reconstitution with 
bone marrow cells from RAG2-ko mice. Analyses from 
both conditions revealed reduced brain Abeta levels in 
functional adaptive immune cell-deficient APP-PS1-dE9. 
The decreased Abeta levels were associated with increased 
amounts of Thioflavin-S positive aggregates within Iba-1 
positive cells surrounding amyloid plaques, indicating in-
creased phagocytosis in the absence of functional B and T 
cells. Our observations are consistent with the notion that 
cerebral amyloidosis interferes with physiological brain 
immune surveillance, and is associated with regulatory T 
cells that inhibit microglial phagocytosis; removing such 
T-cell derived inhibitory signaling can restore microglial 
phagocytic capacity. 
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272 
HIV-1 viral protein r activates NLRP3 
inflammasome in microglia: implications for  
HIV-1 associated neuroinflammation 

Manmeet Mamik(1) - William Branton(1) - Brienne 
Mckenzie(2) - Jesse Chisholm(1) - Christopher Power(1)

University Of Alberta, Department Of Medicine, Edmonton, 
Canada(1) - University Of Alberta, Department Of Medical 
Microbiology And Immunology, Edmonton, Canada(2)

Introduction: Human Immunodeficiency virus (HIV) 
enters the brain soon after seroconversion and induces 
chronic neuroinflammation by infecting and activating 
brain macrophages. Inflammasomes are cytosolic protein 
complexes that support caspase activation and ensuing 
cleavage and release of IL-1β and -18 by macrophages. 
Our group recently showed that HIV-1 infection of hu-
man microglia induced inflammasome activation in NL-
RP3-dependent manner. The HIV-1 viral protein R (Vpr) 
is an accessory protein which can be released from HIV-
infected cells, although its effects on neuroinflammation 
are undefined. 
Methods: Human monocytic cell line THP-1 and primary 
human microglia were used to study inflammasome acti-
vation in vitro. Vpr and IL-1β levels were measured by 
ELISA. Real-time PCR, immunohistochemistry and cyto-
toxicity assays were performed to analyze inflammasome 
activation. Vpr transgenic mice were used for in-vivo 
analysis of inflammasome activation and neurobehavioral 
studies. 
Results: Infection of human microglia with a Vpr-defi-
cient HIV-1 clone resulted in reduced caspase-1 activation 
and IL-1β production, compared to cells infected with a 
Vpr-encoding HIV-1 clone. Vpr was detected at low nano-
molar concentrations in cerebrospinal fluid from HIV-
infected patients and in supernatants from HIV-infected 
primary human microglia. Exposure of human macro-
phage cells to Vpr caused caspase-1 cleavage and IL-1β 
release with reduced cell viability, which was dependent 
on NLRP3 expression. Increased NLRP3, caspase-1 and 
IL-1β expression was evident in HIV-1 Vpr transgenic 
mice compared to wild type littermates, following sys-
temic immune stimulation. Treatment with the caspase-1 
inhibitor, VX-765, suppressed NLRP3 expression with 
reduced IL-1β expression and associated neuroinflam-
mation. Neurobehavioral testing showed improvement in 
anxiety-associated behaviors in Vpr transgenic animals 
treated with VX-765. 
Conclusions: Vpr-induced NLRP3 inflammasome activa-
tion, which contributed to neuroinflammation, was abro-

gated by caspase-1 inhibition. This study provides a new 
therapeutic perspective for HIV-mediated brain disease.

273 
Induction of the type I interferon response in 
neurological forms of Gaucher disease. 

Einat Vitner(1) - Tamar Farfel-becker(2) - Natalia Ferreira(2) 
Tony Futerman(2)

Iibr, Infectious Diseases, Ness-ziona, Israel(1) - Weizmann 
Institute, Biological Chemistry, Rehovot, Israel(2)

Gaucher disease, the most common lysosomal storage 
disease, is caused by mutations in the GBA1 gene and 
is a significant risk factor for Parkinson’s disease; in 
some forms of Gaucher disease, neuroinflammation is 
observed. Understanding the mechanisms by which brain 
inflammation is engaged and delineating the key players 
in the immune response and their contribution to brain 
pathology is of great importance for the identification of 
novel therapeutic targets for this devastating diseases. An 
unbiased gene profile analysis was performed on a severely 
affected brain area of a neurological form of a Gaucher 
disease mouse at a pre-symptomatic stage; the mouse 
used for this study, the Gba (flox/flox); nestin-Cre mouse, 
was engineered such that GBA1 deficiency is restricted to 
cells of neuronal lineage, i.e., neurons and macroglia. The 
10 most up-regulated genes in the ventral posteromedial/
posterolateral region of the thalamus were inflammatory 
genes, with the gene expression signature significantly 
enriched in interferon signaling genes. Interferon β levels 
were elevated in neurons, and interferon-stimulated 
genes were elevated mainly in microglia. Interferon 
signaling pathways were elevated to a small extent in 
the brain of another lysosomal storage disease mouse 
model, Krabbe disease, but not in Niemann-Pick C or 
Sandhoff mouse brain. Ablation of the type I interferon 
receptor attenuated neuroinflammation but had no effect 
on GD mouse viability. Our results imply that the type 
I interferon response is involved in the development of 
nGD pathology, and possibly in other lysosomal storage 
diseases in which simple glycosphingolipids accumulate, 
and support the notion that interferon signaling pathways 
play a vital role in the sterile inflammation that often 
occurs during chronic neurodegenerative diseases in 
which neuroinflammation is present.
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287 
Alcohol, brain neuroimmune/inflammatory 
signaling, and neurodamage 

Michael A. Collins(1) - Nuzhath Tajuddin(1) – Edward J. 
Neafsey(1) - Hee-Yong Kim(2)

Department of Molecular Pharmacology, Stritch Medical 
School, Loyola University Chicago, Maywood IL, United 
States(1) – Laboratory of Molecular Signaling, NIAAA, NIH, 
Bethesda, MD,  USA(2)

Chronic alcohol (ethanol) abuse is a major and yet under-
appreciated facilitative reason world-wide for adult brain 
damage and dementia. Accumulating experimental evi-
dence indicates that severe, repetitive binge alcohol expo-
sure evokes a cascade of brain processes involving neuro-
inflammatory and neuroimmune molecules which trigger 
oxidative stress, synaptic loss and/or neurodegeneration. 
We have examined these signaling processes using in 
vivo and in vitro models (adult rats and adult-age rat brain 
organotypic slice cultures) subjected to binge alcohol in-
toxication over several days. We find with western blots 
and inhibitors that among key events promoted by alcohol 
binges, activation of phospholipase A2 (PLA2) isoforms 
mobilizing pro-inflammatory omega-6 arachidonic acid is 
important. Potentially upstream of PLA2 is upregulation 
of the water channel, aquaporin-4 (AQP4), since an AQP4 
inhibitor diminishes resulting alcohol-dependent edema, 
PLA2 elevations, and downstream neurodegeneration. A 
second upstream factor significantly elevated early dur-
ing alcohol binges is poly [ADP-ribose] polymerase-1 
or PARP-1, a nuclear protein linked to DNA damage and 
brain necrotic/apoptotic mechanisms, and its product, 
PAR. In the binged slice cultures, several PARP-1 inhibi-
tors block increased PAR, and importantly, also PLA2 el-
evations and neurodegeneration, but have limited effects 
on AQP4 enhancement—suggesting parallel pathways to 
the acquired brain damage. However, PARP-1 inhibition 
in binged slices does antagonize the potentiation of high 
mobility group box-1 (HMGB1), a damage-associated 
neuroimmune signaling molecule that stimulates toll-like 
receptors, increases brain inflammasomes/proinflammato-
ry cytokines, and, as documented by others, promotes neu-
rodegeneration. Interestingly, supplementation of binged 
brain slices with the omega-3 fatty acid, docosahexaenoic 
acid (DHA), suppresses the above protein expression al-
terations while concomitantly exerting significant neuro-
protection; our initial inhibitor results implicate DHA’s 
oxidative conversion to an active “neuroprotectin” in its 
beneficial effects.  Supported by NIH U01 AA018279 
(MAC) and Loyola Research Funding Committee.

294 
Anti-LAP antibody: a new checkpoint inhibitor 
for the treatment of glioblastoma. 

Galina Gabriely - Andre Pires Da Cunha - Brendan 
Kenyon - Rafael Rezende - Tyler Vandeventer  
Murugaiyan Gopal - Howard L. Weiner
Ann Romney Center Of Neurologic Diseases, Brigham And 
Women’s Hospital, Harvard Medical School, Boston, Ma, 
United States

A major advance in the treatment of cancer has been the 
development of immunotherapy that acts by counteract-
ing the suppressive environment established by the tu-
mor. Glioblastoma (GBM) is an incurable brain tumor 
and immune suppression plays an important role in its 
pathogenesis. Although it is known that regulatory T cells 
(Tregs) contribute to cancer immune suppression, there 
are few surface molecules on Tregs that can specifically 
be targeted for the treatment of cancer. We identified a 
novel Treg population characterized by the expression 
of surface latency-associated peptide (LAP) which is a 
regulator of TGF-beta, a multifunctional cytokine known 
to play an important role in tumor immune suppression, 
especially in GBM. An increase in LAP+CD4+ T cells 
has been reported in human cancer, including head and 
neck and colorectal cancer (CRC). To study the regulatory 
role of LAP+CD4+ T cells in mouse models of cancer we 
developed a murine monoclonal anti-LAP antibody. We 
found that treatment with anti-LAP reduces tumor growth 
and increases survival in various cancer models includ-
ing GBM. Anti-LAP antibody is able to block TGF-beta 
release from cells expressing LAP and also reduces both 
the number and suppressive abilities of tumor-associated 
LAP+CD4+ regulatory T cells. Anti-LAP treatment trig-
gered a profound peripheral immune response by acting 
on both innate and adaptive parts of the immune system. 
We observed increased numbers of mature antigen-pre-
senting cells, with higher MHCII and CD86 expression, 
and down-regulated tolerogenic dendritic cells express-
ing increased CD103 and PD-L1 in spleen after treatment 
with anti-LAP. These changes were associated with an in-
creased infiltration of cytotoxic CD8+ T lymphocytes into 
tumors. Based on the TCGA data analysis, the expression 
of LAP-associated genes correlates inversely with glio-
blastoma patient survival. In conclusion, anti-LAP anti-
body as monotherapy or combined with conventional an-
ti-tumor modalities represents a novel immunotherapeutic 
approach for brain cancer treatment.
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310 
Ubiquilin-2 drives NF-κB activity and cytosolic 
TDP-43 aggregation in neuronal cells 

Vincent Picher-martel(1) - Kallol Dutta(1) - Daniel 
Phaneuf(1) - Gen Sobue(2) - Jean-pierre Julien(1)

Criusmq, Université Laval, Québec, Canada(1) - Nagoya 
University Graduate School Of Medicine, Nagoya University, 
Nagoya, Japan(2)

Background: Mutations in the gene encoding Ubiquilin-2 
(UBQLN2) are linked to amyotrophic lateral sclerosis 
(ALS) and frontotemporal dementia (FTD). UBQLN2 
plays a central role in ubiquitin proteasome system (UPS) 
and UBQLN2 mutants can form cytoplasmic aggregates 
in vitro and in vivo. Results: Here, we report that over-
expression of WT or mutant UBQLN2 species enhanced 
nuclear factor κB (NF-κB) activation in Neuro2A cells. 
The inhibition of NF-κB stress-mediated activation with 
SB203580, a p38 MAPK inhibitor, demonstrated a role 
for MAPK in NF-κB activation by UBQLN2 species. 
Live cell imaging and microscopy showed that UBQLN2 
aggregates are dynamic structures that promote cytoplas-
mic accumulation of TAR DNA-binding protein (TDP-
43), a major component of ALS inclusion bodies. Fur-
thermore, up-regulation of UBQLN2 species in neurons 
caused an ER-stress response and increased their vulner-
ability to death by toxic mediator TNF-α. Withaferin A, 
a known NF-κB inhibitor, reduced mortality of Neuro2A 
cells overexpressing UBQLN2 species. Conclusions: 
These results suggest that UBQLN2 dysregulation in neu-
rons can drive NF-κB activation and cytosolic TDP-43 
aggregation, supporting the concept of pathway conver-
gence in ALS pathogenesis. These Ubiquilin-2 pathogenic 
pathways might represent suitable therapeutic targets for 
future ALS treatment.

325 
The link between pathological changes in 
astrocytes to the progression of Alzheimer’s 
disease 

Shoshik Amram(1, 2) - Tal Iram(1, 2) - Dan Frenkel(1, 2)

Tel Aviv University, Department Of Neurobiology, Faculty Of 
Life Sciences, Tel Aviv, Israel(1) - Tel Aviv University, Sagol 
School Of Neuroscience, Tel Aviv, Israel(2)

Astrocytes are responsible for the maintenance and 
homeostasis of the brain and many studies have shown 
their fundamental role in cognition. Alterations in astrocyte 

function affect the brain aging and its abilities. With age, 
senescent astrocytes accumulate and express a senescence-
associated secretory phenotype (SASP), meaning a 
pro-inflammatory phenotype. Senescent astrocytes also 
accumulate in a variety of neurodegenerative diseases, 
such as Alzheimer’s disease. We investigate changes 
that appear in adult astrocytes during the development 
of disease in an AD mouse model. Adult Astrocytes 
isolated from aged AD mouse model showed increase in 
pro-inflammatory profile and an impairment in astrocyte-
neuronal interaction. Transforming growth factor beta1 
(TGF-beta1) is a multifunctional protein, responsible for a 
vast number of cellular functions that was found to increase 
with aging and in AD.  We found that TGF-beta1 induces 
astrocyte senescence, which leads to an impairment in 
their ability to provide support and protection for neurons, 
specifically in response to stress signals that may lead to 
neurodegeneration. Understanding the mechanisms that 
mediate astrocyte senescence may elucidate mechanisms 
leading to aging and the development of neurodegenerative 
disease.

339 
Neuroimmune interactions: the VIP-ADNP 
impact 

Illana Gozes
Department Of Human Molecular Genetics And Biochemistry, 
Sackler Faculty Of Medicine, Adams Super Center for Brain 
Studies & Sagol School of Neuroscience, Tel Aviv University 
69978, Tel Aviv, Israel  

In 1982, we have shown that immune cells secrete factors 
that promote neuronal outgrowth(1). Continuing studies on 
cellular interactions, we have further shown neuroprotec-
tion by cytokines(2). We then showed that a complex array 
of cytokines is released from target cells by vasoactive in-
testinal peptide (VIP),(3). Searching for novel neuroprotec-
tive molecules that are regulated by VIP, we have discov-
ered activity-dependent neuroprotective protein (ADNP). 
ADNP is synthesized in immune cells and our most recent 
findings suggest significant increases in ADNP transcript 
expression in lymphocytes from schizophrenia subjects 
and from Alzheimer’s disease patients, compared to con-
trols (references 4 and 5, respectively).  Interestingly, the 
increase in schizophrenia was similar to aging patients 
suffering from mild cognitive impairments, while the in-
crease in Alzheimer’s disease patients was several fold 
higher. The increase in ADNP expression was not directly 
correlated with increase in ADNP immunoreactivity in the 
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serum, suggesting an intricate regulatory mechanism and 
the requirement for replacement therapy. Current experi-
ments are using RNAseq to map the precise ADNP-neuro-
immune interactions toward better diagnosis and therapy 
of neurodegenerative and neuropsychiatric diseases.  

References: 
1. Gozes Y, Moskowitz MA, Strom TB, Gozes I. Con-
ditioned media from activated lymphocytes main-
tain sympathetic neurons in culture. Brain Res. 1982 
Dec;282(1):93-7. 
2. Brenneman DE, Schultzberg M, Bartfai T, Gozes I.  
Cytokine regulation of neuronal survival. J Neurochem. 
1992 Feb;58(2):454-60. 
3. Brenneman DE, Phillips TM, Hauser J, Hill JM, 
Spong CY, Gozes I. Complex array of cytokines released 
by vasoactive intestinal peptide. Neuropeptides. 2003 
Apr;37(2):1119. 
4. Merenlender-Wagner A, Malishkevich A, Shemer 
Z, Udawela M, Gibbons A, Scarr E, Dean B, Levine 
J, Agam G, Gozes I. Autophagy has a key role in the 
pathophysiology of schizophrenia. Mol Psychiatry. 2015 
Feb;20(1):126-32. 
5. Malishkevich A, Marshall GA, Schultz AP, Sperling 
RA, Aharon-Peretz J, Gozes I. Blood Borne Activity-
Dependent Neuroprotective Protein (ADNP) is Corre-
lated with Premorbid Intelligence, Clinical Stage, and 
Alzheimer’s Disease Biomarkers. J Alzheimer’s Dis. 
2015;50(1):249-60

Support: AMN, Gildor, Elton

341 
Transiently breaking immune tolerance by 
targeting Foxp3+CD4+ regulatory T cells 
mitigates Alzheimer’s disease pathology 

Neta Rosenzweig* - Kuti Baruch* - Alexander Kertser - 
Aleksandra Deczkowska - Michal Schwartz
Department of Neurobiology, Weizmann Institute of Science, 
Rehovot 76100, Israel
*These authors contributed equally to this work.

Alzheimer’s disease (AD) is a neurodegenerative disorder 
associated with unresolved chronic neuroinflammation. 
Nevertheless, boosting recruitment of immune cells under 
chronic neurodegenerative conditions in general, and in 
AD in particular, was shown to attenuate pathology. Our 
group recently pointed to the brain’s choroid plexus (CP), 
as a potential selective gateway for the entry of disease-

modifying leukocytes to the CNS under injurious condi-
tions. Here, we hypothesized that in AD, suboptimal re-
cruitment of immune cells to the brain is an outcome of 
systemic immune failure, involving CP gateway dysfunc-
tion. Examining the CP of 5XFAD AD transgenic (AD-
Tg) mice along disease progression, we found dysfunction 
of CP gateway activity, which was associated with local 
CP deficiency in interferon-gamma levels. We show that 
breaking systemic immune tolerance by transient condi-
tional depletion of Foxp3+ regulatory T cells (Tregs), or 
pharmacological inhibition of their activity, in AD-Tg 
mice, augmented IFN-gamma-dependent CP-gateway 
activity for leukocyte trafficking. The activation of this 
immune-brain axis was followed by accumulation of im-
munoregulatory cells at cerebral sites of amyloid-beta 
pathology, plaque clearance, and mitigation of cognitive 
decline. Conversely, augmenting systemic Treg levels in 
AD-Tg mice was associated with accelerated disease pa-
thology. Collectively, our findings identify Treg-mediated 
immune suppression in AD as an obstacle to mounting a 
systemic immune response for the resolution of neuroin-
flammation, and suggest a novel therapeutic approach for 
treating AD.

345 
Serum IL17 and IL-23 levels have been 
determined patients who have RR- MS   

Nebahat Tasdemir
University Of Dicle Medical Faculty Depart Of Neurology, 
Diyarbakir, Turkey

Objective: Encountering T-Helper ( Th) cells which pro-
duce interleukin 17 ( IL-17 ) in the diseased tissues of  
patients with Multiple Sclerosis has revealed the opinion 
that this  cell group has a part with T-helper  1 ( Th1) in the 
development of inflammatory and autoimmune diseases. 
Material and Methods:  30 patients diagnosed with defi-
nite RRMS according to 2010 Mc Donald criteria  as a 
result of clinical and diagnostic tests . As control group,  
30 healthy subjects were included into the study. IL-17 
and IL-23 levels of RRMS patients were measured during 
attack and remission periods were compared with each 
other and with control-group. 
Results: IL-17 level was found significantly low  in pa-
tients in RRMS  attack and remission period was com-
pared to  the healthy control-group. Serum IL-23 level 
was found statistically high in patients in RRMS attack 
period compared to the  healthy control-group ( p<0,05).
The average of IL-17 levels of RRMS patietns in attack 
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period was found to be higher compared to the average in  
remission period,  and the difference betweeen the averag-
es was found statistically significant.(p<0,05). The aver-
age of IL-23 levels of RRMS patients in attack period was  
determined to be higher compared to that in remission 

period.  The difference between the averages was found 
statistically significant. A strong positive relationship was 
statistically observed  between the duration of disease and 
attack EDSS. 

11 
In Vivo-Morphology of the Optic Nerve and 
Retina in Patients with Parkinson’s disease  

Irene Gottlob(1) - Anastasia Pilat(1) - Rebecca J Mclean(1) 
Frank A Proudlock(1) - Gail De Maconachie(1) - Viral 
Sheth(1) - Yusuf A Rajabally(2)

University Of Leicester, Ulverscroft Eye Unit, Leicester, United 
Kingdom(1) - School Of Life And Health Sciences, Aston Brain 
Centre, Aston University, Queen Elizabeth Hospital, University 
Hospitals Of Birmingham, Birmingham, United Kingdom(2)

Purpose: To investigate optic nerve and macular morphol-
ogy in patients with Parkinson’s disease (PD) using spec-
tral-domain optical coherence tomography (SD-OCT).
Design: Prospective, cross-sectional, observational study.
Subjects: 25 participants with PD (19-males and 6-fe-
males; mean age 60.79; SD ± 9.24) and 25 gender-, age-, 
ethnicity- and refraction-matched healthy controls.
Methods: A high-resolution SD OCT (Copernicus, 3µm 
resolution) device was used to acquire scans centred on 
the optic disc and fovea. 
Main outcome measures: Optic nerve head parameters 
(disc/cup diameters/areas, cup/rim volumes, cup depth, 
cup/disc ratio; peripapillary retinal nerve fibre layer 
(ppRNFL) thickness, retinal thickness (in inner and outer 
annuli around the foveal centre, standard Early Treatment 
Diabetic Retinopathy Study protocol) and thickness of in-
dividual retinal layers.
Results: Our study showed significant ppRNFL thinning 
in PD patients in all quadrants (p<0.05) associated with a 
shallower optic cup (p=0.03) as compared to healthy con-
trols. Foveal remodelling with retinal thinning (nasal and 
temporal segments in both annuli; and superior segment 
in outer annulus; p<0.05), foveal pit widening (p=0.05), 
central OPL thickening (p<0.001) and nasal RPE thinning 
(p<0.001) was also found in PD. Changes were more pro-
nounced in advanced stages of PD and with longer dis-
eases duration.
Conclusions: Optic nerve changes in PD are likely to be 

caused by primary neurodegeneration and are different 
to ON changes described in glaucoma. Central retinal 
thinning, pit widening, central OPL thickening and RPE 
thinning indicate that remodelling of the fovea occurs. 
Specific changes of the fovea and thinning of individual 
retinal layers, correlating with disease severity and dura-
tion indicate that ON and retinal changes have potential to 
be used as biomarkers for PD.

53 
The role of multifocal visual evoked potentials in 
understanding disability in multiple sclerosis 

Elena H Martinez-Lapiscina(1) - Ana Isabel Tercero-
Uribe(1) - Salut Alba-Arbalat(1) - Nuria Sola-Vals(1)

Magi Andorra(1) - Maria Sepulveda(1) 
Ana Maria Guerrero-Zamora(1) - Ruben Torres-Torres(2) 
Sara Llufriu(1) - Irati Zubizarreta(1) - Yolanda Blanco(1) 
Bernardo Sanchez-Dalmau(2) - Albert Saiz(1) 
Joan Santamaria(1) - Pablo Villoslada(1)

Hospital Clinic Of Barcelona - Idibaps, Neurology, 
Barcelona, Spain(1) - Hospital Clinic Of Barcelona - Idibaps, 
Ophthalmology, Barcelona, Spain(2)

Background: Multifocal visual evoked potentials (mfVE-
Ps) have been suggested as an appropriate technology to 
monitor the efficacy of drugs promoting myelin repair 
(e.g. Opicinumab or Clemastine). Addressing the relation-
ship between mfVEPs and disability as well as with mark-
ers of neuroaxonal damage in MS is important to quantify 
the impact of myelin repair strategies to prevent disability 
in MS and to define the role of mfVEPs as surrogate end-
point in clinical trials in multiple sclerosis (MS).
Goal: to evaluate the relationship of mfVEPs with disabil-
ity and markers of neurodegeneration in patients with MS.
Method: We performed a crossectional analysis in 76 pa-
tients with MS. Patients underwent examination includ-
ing global and visual disability scales (low contrast vi-
sual acuity (LCVA) and color vision measured by Hardy, 

Novel imaging of visual and other pathways as models for research and biomarkers  
of neuroinflammation and neuroregeneration
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Rand Ritter pseudoisochromatic plates (HRR), mfVEPs 
and spectral domain optical coherence tomography (Spec-
tralisSDOCT). We evaluated the associations between the 
mean latency and amplitude of mfVEP and disability and 
neuroaxonal injury markers using Spearman ́s rank cor-
relation test in eyes unaffected with prior optic neuritis 
(nonON eyes) and affected eyes (ONeyes).
Results: We found associations between the mean laten-
cy of mfVEPs and visual disability (2.5%LCVA (rho= 
-0.311; p=0.010 and HRR (rho= -0.423; p< 0.001)) and 
retinal neuroaxonal injury measured by peripapillary 
retinal nerve fiber layer (pRNFL) thickness (rho= -0.237; 
p=0.050) in non ON eyes. Regarding the amplitude of the 
mfVEP, we found correlations in nonON eyes with the 
Expanded Disability Status Scale (rho= -0.277; p=0.020), 
2.5%LCVA (rho=0.232; p=0.057), 1.25%LCVA 
(rho=0.239; p=0.052), HRR (rho=0.329; p=0.007), and 
pRNFL thickness (rho=0.263; p=0.029). In ONeyes, there 
were associations between the mean latency of mfVEPs 
and 2.5%LCVA (rho= -0.310; p=0.079) and HRR (rho= 
-0.438; p=0.010) as well as associations between mean 
amplitude of mfVEPs and 2.5%LCVA (rho=0.419; 
p=0.014), 1.25%LCVA (rho=0.355; p=0.043), HRR 
(rho=0.562; p=0.001) and pRNFL thickness (rho=0.561; 
p< 0.001).
Conclusion: The significant structural-functional cor-
relations between mfVEP, SD-OCT and disability in 
both nonON and ONeyes found here supports the use of 
mfVEP as a surrogate endpoint of efficacy of drugs pro-
moting remyelination.  

118 
Uptake of 18F-FET and 18F-FCH in human 
glioblastoma T98G cell lines after irradiation 
with photons or carbon ions  

Francesca Pasi(1) - Federica Eleonora Buroni(2) - Marco 
Giovanni Persico(2) - Jessica Sani(3) - Lorenzo Lodola(2)  
Angelica Facoetti(4) - Franco Corbella(1) - Carlo Aprile(2) 
Rosanna Nano(3)

Fondazione Irccs Policlinico San Matteo, Department 
Of Oncohaematology, Radiotherapy Unit, Pavia, Italy(1) - 
Fondazione Irccs Policlinico San Matteo, Department Of 
Oncohaematology, Nuclear Medicine Unit, Pavia, Italy(2) - 
University Of Pavia, Department Of Biology And Biotechnology 
“Lazzaro Spallanzani”, Pavia, Italy(3) - Cnao Foundation, 
Radiobiology Unit, Pavia, Italy(4)

Despite the enormous improvement of diagnostic modali-
ties, including the various applications of MRI, CT and 

PET, the diagnosis and grading of primary brain tumours 
lack of sufficient accuracy. This is more relevant when 
recurrence after therapy, early neuroinflammation or late 
radionecrosis diagnosis are concerned.
Either clinical or experimental animal studies frequently 
gave conflicting results due to the complexity of  tumour 
microenvironment and the biological mechanisms involv-
ing  the different cellular populations.
Aim of our research project is to focus attention to the 
different cellular types separately, starting from the neo-
plastic one, evaluating the uptake of different radiophar-
maceuticals ([18F]fluoromethyl-choline, FCH and O-(2-
[18F]fluoroethyl)-l-tyrosine, FET), i.e different metabolic 
aspects, in basal conditions and after irradiation with pho-
tons (conventional Linac) or hadrons (carbon ions).  
We studied the uptake kinetics by the T98G human glio-
blastoma cells after incubation with FCH and FET at 20, 
40, 60, 90, 120 min. Then we carried out the evaluation of 
the uptake changes of the T98G cell line after irradiation 
either with X-rays at 2-10-20 Gy or carbon ions at 2 Gy.
In the non-irradiated samples, the highest uptake of FCH 
was observable in T98G cells at 90 and 120 min. The per-
centage uptake of FET in comparison to FCH was lower 
by a factor of more than 3, with different kinetic curves. 
FET showed a more rapid initial uptake up to 40 min 
while FCH showed a progressive rise reaching a maxi-
mum after 90 min.
After irradiation, FCH uptake increased constantly along 
the incubation time, regardless of the type and the dose of 
radiation. The shape of the FET uptake curves remained 
unchanged in irradiated compared to non-irradiated sam-
ples. The uptake increase was less evident after X-rays 
irradiation than after 2 Gy delivered by carbon ions.
Our data suggest that FCH and FET could be useful to 
analyse different metabolic pathways of glioblastoma 
cells before and after radiotherapy. The paradox effect 
on FET uptake after irradiation has been previously de-
scribed in MCF7 cell line. Many factors could be involved 
including p53mt expression and selection of more aggres-
sive radio-resistant clones.
The future step will be test the behaviour of other cell 
types such as neoplastic, endothelial and microglia cells 
incubated with medium harvested from irradiated cells 
and the description of cytokine pattern released by cells 
involved in neuroinflammation process.
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189 
Intravital imaging of calcium activities in the 
encephalitogenic T cells during their journey to 
CNS 

Nikolaos I. Kyratsous(1) - Guokun Zhang(1) - Marija 
Pesic(1) - Ingo Bartholomäus(2) - Marsilius Mues(2) - Ping 
Fang(1) - Miriam Wörner(1) - Stephanie Everts(1) - Joachim 
W. Ellwart(3) - Hartmut Wekerle(2) - Naoto Kawakami(1)

Institute Of Clinical Neuroimmunology, Biomedical Center, 
Lmu Munich, Martinsried, Germany(1) - Max Planck Institute 
Of Neurobiology, Neuroimmunology, Martinsried, Germany(2) 
Institute For Experimental Hematology, Helmholtz Centre, 
Munich, Germany(3)

In transfer EAE model of Lewis rats, transferred encepha-
litogenic T cells first migrate to the lung or spleen where 
they acquire migratory phonotype, which is represented 
by upregulation of chemokine receptors. Thereafter, T 
cells infiltrate into the CNS, find their antigen, become 
activated and initiate inflammation. The T cells interact 
with other cells during their way to the CNS. However, 
it was not possible observe the consequences of the in-
teraction at single cell level. We applied two sensors to 
visualize the stimulation of T cells in vivo. One is NFAT-
based sensor which detects definitive activation. Another 
is FRET-based calcium sensing protein, Twitch1, to de-
tect calcium signaling, which does not necessarily induce 
NFAT translocation.
Twitch1 expressing MBP specific T cells (TMBP-Twitch1 
cells) were imaged by using two-photon intravital mi-
croscopy. In the spleen, TMBP-Twitch1 cells, as well as 
OVA specific T cells, showed short lasting calcium sig-
naling, which continued less than 2 minutes. Anti-MHC 
class II blocking antibody and antagonists for chemokine 
receptors reduced the frequency of calcium signaling. In 
spleen, NFAT stays in cytosol in majority of MBP and 
OVA specific T cells, indicating they were not activated.
TMBP-Twitch1 cells appeared in the leptomeningeal 
blood vessels before onset of clinical EAE and rarely 
showed calcium activity. In contrast, after passing BBB, 
T cells exhibited long lasting calcium signaling when they 
interacted with local APCs. Interestingly, in the prodro-
mal phase of EAE, T cells showed extended time of cal-
cium signaling, which was up to 2 hours, whereas that 
was around 20 minutes during acute phase of EAE. In 
addition, our analysis revealed that each APC has differ-
ent potential to activate T cells. At this stage, NFAT was 
found in nucleus in a proportion of MBP specific T cells, 
indicating activation.
In summary, we visualized two different stimulations of 
T cells in vivo. One was short lasting calcium signaling 

in spleen, which may lead migratory phenotype but not 
activation. Another was long lasting calcium signaling to-
gether with NFAT nuclear translocation in the CNS. The 
blocking of any step can be used for therapeutic target.

264 
Retina atrophy is more prominent in the early 
phases of multiple sclerosis and is associated with 
clinical disease activity: a cohort study 

Elena H Martinez-Lapiscina(1) - Hao Yiu(2) - Magi 
Andorra(1) - Sam Arnow(2) - Andrés Cruz-Herranz(2)  
Christian Cordano(2) - Albert Saiz(1) - Pablo Villoslada(1)  
Ari J Green(2)

Hospital Clinic Of Barcelona - Idibaps, Neurology, Barcelona, 
Spain(1) - University Of California, San Francisco (ucsf), 
Multiple Sclerosis Center, San Francisco, United States(2)

Background: Neuroaxonal injury is a major contributor to 
irreversible disability in multiple sclerosis (MS). Disabil-
ity progression in MS occurs over many years and even 
decades.  Retinal optical coherence tomography (OCT) 
provides a unique opportunity to monitor neuroaxonal 
damage in MS, however the timing of that injury and its 
association with disease activity remain unclear. 
Methods: We longitudinally imaged 500 patients with MS 
from two centers using spectral domain OCT (SD-OCT), 
to quantify the thickness of the peripapillary retinal nerve 
fibre layer (pRNFL) and the volume of ganglion cell and 
inner plexiform (mGCIP) layer. Patients were classified as 
having a clinically active disease if they reported at least 
one relapse in the two-years prior to baseline SD-OCT as-
sessment. We evaluated the distribution of annualized rates 
of retinal thinning (baseline minus follow-up measurement 
divided by inter-scan time interval) throughout disease du-
ration comparing goodness-of-fit of mathematical models. 
Findings: Models of annualized retinal thinning, both 
for non-ON eyes and ON-eyes and either for the pRNFL 
thickness or mGCIP volume, showed that retinal thinning 
was faster at the beginning of the disease, in the first ten 
years of the disease, than in late stages (b-splines model 
pRNFL: R2=0.35; GCIP: R2=0.30). Patients with clini-
cally active disease had a significant mean increased an-
nualized rate of retinal thinning  (19% 95% CI (17-20) 
compared with patients with stable disease, especially 
within the first ten years of disease duration. 
Interpretation: Our results suggest that most neuroaxonal 
injury occurs early in course of disease instead of at the 
latest phases of MS and that it is likely due to inflamma-
tory damage. Therefore, these findings support the con-
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cept that prevention of CNS inflammatory damage from 
the beginning of the disease would prevent CNS axonal 
damage and long-term disability.
Funding: Instituto Salud Carlos III and National Multiple 
Sclerosis Society
National MS Society Harry Weaver Neuroscience Scholar 
for AG

268 
Investigating mediators of neutrophil 
recruitment to the brain after cerebral ischemia 
with near-infrared fluorescence imaging 

Markus Vaas(1) - Gaby Enzmann(2) - Anja Kipar(3)  
Ulrich Siler(4) - Kai Licha(5) - Markus Rudin(1)  
Britta Engelhardt(2) - Jan Klohs(1)

University And ETH Zurich, Institute For Biomedical 
Engineering, Zurich, Switzerland(1) - University Of Bern, 
Theodor Kocher Institute, Bern, Switzerland(2) - Laboratory 
for Animal Model Pathology, Institute of Veterinary Pathology, 
Vetsuisse Faculty, University of Zurich, 8057 Zürich, 
Switzerland(3) - University Children’s Hospital Zurich And 
Children`s Research Centre, Division Of Immunology, Zurich, 
Switzerland(4) - Freie Universität Berlin, Institute Of Chemistry 
And Biochemistry, Berlin, Germany(5)

Neutrophils appear after stroke in the affected brain region 
and are associated with secondary injury. It is still con-
troversially discussed which adhesion molecules are in-
volved in neutrophil recruitment. We aimed to investigate 
vascular guiding cues to identify the recruitment mecha-
nisms of neutrophils in focal cerebral ischemia in a mouse 
model. Intercellular adhesion molecule-1 (ICAM-1) null 
mice and C57Bl6 mice treated with an antibody against 
alpha4-integrin, which prevents pairing with the beta1-in-
tegrin subunit to form very late antigen-4 (VLA 4), were 
used to test the involvement of ICAM-1 and VLA-4, re-
spectively on neutrophil recruitment after transient mid-
dle cerebral artery occlusion (tMCAO). LIPO-6S-IDCC, 
a near infrared fluorescent (NIRF) dye, was used to label 
neutrophils isolated from the bone marrow. Mice received 
LIPO-6S-IDCC labeled neutrophils and were subjected to 
1h of tMCAO. Planar NIRF imaging was used to track 
neutrophil recruitment after tMCAO. Furthermore we in-
vestigated the effect of genetic and pharmacologic inhibi-
ton of ICAM 1 and VLA-4 on cerebral lesion volumes 
by computer-assisted lesion volumetry. Immunohisto-
chemistry was used to evaluate neutrophil accumulation 
in brain sections. LIPO-6S-IDCC labeling did not affect 
the expression of neutrophil activation markers like L 

selectin. Fluorescence intensities detected over the isch-
emic hemisphere of ICAM1null and non-transgenic lit-
termates (NTL) at 18h after reperfusion showed no dif-
ferences (0.0046±0.0021 vs. 0.0032±0.0024, P>0.05). 
Animals treated with an antibody against alpha4-integrin 
showed a significant reduction in fluorescence intensities 
over the ischemic hemisphere at 18 and 24h after tMCAO 
compared to animals that received the control antibody 
(0.0035±0.0012, 0.0037±0.0012 vs. 0.0056±0.0014, 
0.0057±0.0017, P<0.05). The results were corroborated 
by immunohistochemical demonstration of neutrophil 
quantity. Infarct volumes of ICAMnull and NTLs were 
not significantly different from each other (65.1±14.6 vs. 
67.7±16.7-mm3, P>0.05). Anti-alpha4-integrin blockade 
led to a significant reduction in infarct volume in treated 
mice compared to controls (56.5±17.2 vs. 76.9±16.2-
mm3, P=0.05). In conclusion, we show that alpha4-
integrin but not ICAM-1 is involved in the recruitment 
of neutrophils after focal cerebral ischemia using NIRF 
imaging. This tool allows tracking of labelled cells non-
invasively and longitudinally in animal models to study 
cellular mechanisms in the brain.

306 
Population receptive field mapping in the visual 
cortex following peripheral optic neuritis. 

Peter De Best - Noa Raz - Netta Levin
Neurology Department, Hadassah Hebrew University Medical 
Center, Jerusalem, Israel

Visual evoked potentials (VEPs) are chronically pro-
longed in the affected eyes (AEs) of optic neuritis (ON) 
patients.  Interestingly, prolongation is also typically 
seen in the fellow eyes (FEs). We previously suggested 
that the prolonged VEP in each eye stems from different 
pathophysiological processes. In the AE, it may reflect 
demyelination, being behaviorally expressed by a motion 
perception deficit. In the FE, prolongation may indicate 
compensatory mechanisms to synchronize binocular in-
puts at the cortical level. Based on studies addressing the 
cortical sourcing of the VEP waveform, we assumed that 
plasticity mechanisms in the FEs will be seen in prima-
ry visual cortex. Herein we studied visual field maps in 
early and high-order visual areas following stimulation 
of the affected and fellow eyes, as compared to controls. 
Functional magnetic resonance imaging (fMRI) were per-
formed on one recovered ON and six controls, who were 
viewing a drifting checkerboard bar. Population receptive 
field (pRF) size, reflecting the combined receptive field 
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of the neural populations within a voxel, were modeled in 
early (V1, V2, V3), high-order ventral (hV4) and dorsal 
(motion sensitive visual area; MT+) visual areas. Usually, 
small pRF sizes are found in early visual areas, while larg-
er pRF sizes are found in high order areas. Small and large 
pRF sizes are thought to respectively reflect fine visual 
acuity and integration of the increasing amount of visual 
inputs. Our preliminary data suggests that pRF sizes in V1 
and V2 of the AE were similar to those in controls. How-
ever, pRF sizes of the FE were significantly decreased. 
No differences between patient’s and controls’ pRF size 
were seen in either V3 or hV4. Finally, in dorsal MT+, 
pRF sizes in both AE and FE were decreased relative to 
controls. We suggest that the low pRF size in early vi-
sual areas following stimulation of the FE indicate higher 
precision in visual processing as part of a compensatory 
mechanism. Lower pRF sizes in dorsal MT+ may reflect 
atypical visual integration and may correspond to the pre-
viously shown sustained impairment in motion related 
processing following ON. 

320 
Wiring or Networking: Anatomical and 
Functional Changes in the Visual System 
following Optic Neuritis 

Yael Backner(1) - Timm Oberwahrenbrock(2) - Said 
Massarwa(1) - Carsten Finke(2) - Noa Raz(1) - Friedemann 
Paul(2) - Netta Levin(1)

Hadassah Hebrew University Medical Center, Neurology, 
Jerusalem, Israel(1) - Charite University, Department Of 
Neurology And Neurocure Clinical Research Center, Berlin, 
Germany(2)

Clinical outcome in multiple sclerosis (MS) was 
suggested to be driven not only by remyelination but also 
by adaptive functional reorganization. This study was 
designed to evaluate the impact of optic neuritis (ON) on 
the anatomical and functional visual connectivity of the 
brain using diffusion tensor imaging (DTI) and resting 
state functional connectivity magnetic resonance imaging 
(RS-fcMRI), respectively. 18 clinically isolated syndrome 
(CIS)-ON patients and 21 CIS-non-ON patients underwent 
diffusion and RS-fcMRI, optical coherence tomography 
(OCT), and visual evoked potential (VEP) tests. Functional 
connectivity was evaluated by independent component 
analysis (ICA). Regions of interest in high (lateral occipital 
complex [LOC] and middle temporal [MT]) and low 
(calcarine sulcus) visual regions were defined. Average 
z-values, reflecting the connectivity of these areas to the 

visual network, were extracted and used in statistical 
analysis. Mean retinal nerve fiber layer (RNFL) thickness 
was extracted from OCT results and P100 measurements 
from VEP results. Using DTI, axonal injury was evident in 
the optic tracts of ON patients, suggesting local extension 
of the optic nerve damage as in Wallerian degeneration. 
However, neither the optic radiations nor the occipital 
callosal fibers showed evidence of loss of integrity. And 
yet in the presence of an intact post-geniculate anatomical 
network, the functional connectivity within the visual 
network was higher in the ON compared to the non-
ON cohort. Functional connectivity observed in the MT 
region, an area known to process motion perception, 
was correlated to the conduction velocity as measured 
by VEP. Finally, correspondence between the functional 
and the anatomical data was found only in the ON cohort, 
between the functional connectivity of the MT region 
and the anatomical intactness of the fibers nearest to it. 
Therefore we suggest that even in the absence of local 
damage effects on distant wiring, functional modification 
may occur to compensate for the damage sustained.

337 
Retinal axonal loss in relapsing multiple sclerosis 
is associated with disability and brain tissue 
damage but not with markers of inflammation 

Letizia Leocani(1) - Marco Pisa(1) - Tommaso Croese(1) - 
Simone Guerrieri(1) - Giovanni Di Maggio(1) - Stefania 
Medaglini(1) - Lucia Moiola(1) - Ubaldo Del Carro(1) 
- Vittorio Martinelli(1) - Roberto Furlan(1) - Giancarlo 
Comi(1)

Hospital San Raffaele, Department Of Neurology, Milan, Italy(1)

Background: In multiple sclerosis (MS), multimodal 
evoked potentials (EPs) and brain MRI lesion load and 
have been reported to correlate with disability while con-
troversial findings are available concerning retinal nerve 
fibre layer (RNFL) measured with optical coherence to-
mography (OCT), possibly owing to heterogeneity in 
the population studied. The present study aims at inves-
tigating, in early relapsing MS, the correlation between 
RNFL and clinical and instrumental measures of nervous 
damage (EDSS, brain MRI T2 lesions, multimodal EPs) 
and markers of active inflammation, such as gadolinium-
enhancing brain lesions and microvescicle (MV) count in 
the cerebrospinal fluid (CSF).
Methods:  110 consecutive subjects (mean + SD: age 34 ± 
12 yrs; disease duration 1.8 ± 3.3; EDSS 1.45 ±0.97 yrs), 
of whom 60 with a relapse in the previous 3 months, with 
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a diagnosis of relapsing remitting MS (N= 71) or clini-
cal isolated syndromes (CIS, N= 39) underwent gadolin-
ium-contrast MRI, multimodal EPs, OCT and CSF-MVs 
count. RNFL was calculated as mean binocular value, ex-
cluding eyes with recent acute optic neuritis (<6 months) .
Results: RNFL was significantly correlated with EDSS 
(R -0,213, p=0,025), disease duration (R -0,244, p=0,01), 
was lower in patients with 3 or more T2 white matter le-
sions (ANOVA: F=11.3; p<0,001) and was also corre-
lated with multimodal EPs abnormalities, also consider-
ing MEPs and SEPs only. RNFL was not associated with 
concurrent disease activity, as from brain gadolinium en-
hancing lesions and from CSF-MV count. On the other 

hand, CSF-MV was significantly higher in the presence of 
gadolinium enhancing lesions (Mann-Whitney; p<0,001) 
but was not associated with white matter T2 lesion count.
Conclusions: Even in early MS, retinal neuroaxonal loss 
is associated with the accumulation of nervous damage 
revealed by clinical, neurophysiological and brain neuro-
imaging measures, reflecting parallel processes occurring 
in the optic pathways or transynaptic neuroaxonal loss. 
On the other hand, RNFL is not related with concurrent 
active inflammation at the time of examination, suggest-
ing that RNFL thickness may be useful for medium-long 
term monitoring of MS rather than for timely detection of 
disease activity.

Old and new paths of inflammation and immune intervention at the level  
of the peripheral nerves, the NMJ and the muscles

3 
Thymus involvement in myasthenia gravis: 
epidemiological and clinical impacts of different 
self-tolerance breakdown mechanisms 

Arnon Karni - Ali Asmail - Vivian Drory - Hadar Kolb  
Anat Kesler
Tel Aviv Medical Center, Sackler’s Medical School, Tel Aviv 
University, Tel Aviv, Israel

Introduction: The reasons for the abrogation of self-im-
munological tolerance in patients with myasthenia gravis 
(MG) may be different between those with concomitant 
thymic hyperplasia or thymoma, and those with no evi-
dence of thymic involvement. The hyperplastic thymus is 
populated with germinal centers of T and B lymphocytes 
that often evolve to produce anti-AChR Ab. Thymoma 
cells do not produce those Ab, that are probably produced 
by a paraneoplastic mechanism since in many cases, thy-
momas express the AChR epitope.  
Methods: We conducted a retrospective observational 
case series study to investigate the epidemiology, clinical, 
serologic, and electromyographic (EMG) characteristics 
in 131 individuals (65 females and 66 males) diagnosed 
as having MG (97 without thymic involvement, 25 with 
thymic hyperplasia and 9 with thymoma). 
Results: We found that the average age at MG onset of 
patients with either thymic hyperplasia (42.6 ± 17.3 y) 
or thymoma (38.7 ± 13.7 y) was much younger (by ~20 
years) than that of MG patients without thymic involve-
ment (61.5 ± 17.6 y).  Thymic hyperplasia was more com-
mon in females (76%) than males (24%, p=0.004). There 

were no differences in the rates of ocular MG vs. general-
ized MG among those three study groups. There were also 
no group differences in the rates of neuromuscular junc-
tion dysfunction, as observed on EMG or by the results 
of serology tests for anti-acetyl choline receptor antibody. 
Interestingly, only patients without thymic involvement 
had other autoimmune diseases (p= 0.011), and most of 
them were females (n = 14 vs. 2 males, p < 0.001).  The 
patients with other coexisting autoimmune disease had a 
similar age at MG onset as the other patients with no thy-
mic involvement. 
Discussion and summary: The finding of comorbidity 
with other autoimmune diseases only in patients without 
thymic involvement is surprising, since thymomas are 
known to be associated with a wide range of paraneoplas-
tic autoimmune disorders. Moreover, it would be expect-
ed that patients with a comorbid autoimmune disease will 
have a greater tendency to develop autoimmune diseases 
and therefore will be younger at the onset of these dis-
eases. Contrarily, the age at MG onset was not different in 
patients who had other coexisting autoimmune disorders 
than the rest of the patients without thymic involvement, 
and they were older than patients with thymic involve-
ment. Comorbidity with other autoimmune disease re-
flects a breakdown of self-tolerance by a different mech-
anism than that of thymic hyperplasia or thymoma that 
leads to the possibility of acquiring the various autoim-
mune diseases. Our results shed light on the impact of epi-
demiological and clinical factors that result from different 
mechanisms of self-immunological tolerance breakdown 
that occurs in MG. 
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28 
Immunomodulation in Anti-MuSK Myasthenia 
Gravis 

Valeria Serban, MD, Ph.D.
TJU, TJU, Philadelphia, United States

Introduction: Myasthenia gravis (MG) is an autoimmune 
neuromuscular disorder most commonly associated with 
antibodies against acetylcholine receptor. Few cases, 
mostly with bulbar involvement, are associated with an-
tibodies against muscle specific kinase (MuSK). Epide-
miologic studies reveal a severe course and poor response 
to therapy for anti-MuSK MG. Rarely anti-MUSK MG is 
associated with thymus disease.   
Case Report: Forty three year-old right-handed man had 
presented with a six-month course of diplopia, variable 
ptosis and severe dysarthria. He gradually developed fa-
cial and axial weakness (mostly neck) and shortness of 
breath with exertion.   
 Methods and Results: High titers of anti-MuSK antibod-
ies were detected in the blood, but anti-acetylcholine re-
ceptor and anti-striated muscle antibodies were absent. 
MRI brain and MRI neck were both normal. Repetitive 
nerve stimulation (RNS) of the facial nerve at 3-Hz had 
revealed significant decrement. Needle electromyography 
revealed short duration polyphasic potentials in the face, 
deltoid and biceps. CT chest identified a thymic mass and 
he underwent thymectomy. Pathological examination re-
vealed thymic hyperplasia and no malignant cells.  
Clinical course: He showed no clinical response after 
plasma exchange, anti-cholinesterase therapy and ste-
roids. The treatment with intravenous immunoglobulin 
and combination of various immunosuppressors did not 
offer much benefit. However, infusions with Rituximab 
significantly improved his muscle strength, diplopia and 
dysarthria.   
 Conclusion: Anti-MuSK MG continues to represent a di-
agnostic and therapeutic challenge. Rituximab can treat 
otherwise poorly responsive cases. Further investigation 
is needed for better understanding the thymus disease as-
sociated with anti-MuSK MG and the response to immu-
nomodulatory therapy.

136 
Methylation and expression profiles of monocytes 
in monozygotic twins: role in Myasthenia Gravis 

Shimrat Mamrut(1) - Nili Avidan(1) - Frédérique Truffault(2) 
Elsebeth Staun-Ram(1) - Tarek Sharshar(3) - Bruno 

Eymard(4) - Mélinée Frenkian(2) - Sonia Berrih-Aknin(2) - 
Ariel Miller (1, 5)
Technion, Rappaport Faculty Of Medicine, Haifa, Israel(1) - 
Inserm - U974/cnrs Umr7215/ /upmc Um76/aim, Institute Of 
Myology, Pitié-salpêtrière, Paris, France(2) - Raymond Poincaré 
Hospital, General Intensive Care Medicine, Garches, France(3) 
Chu Salpêtrière, Department Of Neuromuscular Disorders, 
Paris, France(4) - Lady Davis Carmel Medical Center, Division 
Of Neuroimmunology And Multiple Sclerosis Center, Haifa, 
Israel(5)

Myasthenia gravis (MG) is a rare autoimmune disorder, 
considered to be an antibody-driven, complement-me-
diated and CD4+ T cell–dependent disease. Dysregula-
tion of monocytes of the innate immune system has been 
associated with several autoimmune diseases, but has 
scarcely been studied in MG. Studies of monozygotic 
(MZ) twins provide an opportunity to investigate genet-
ic and epigenetic contributions to disease. With the goal 
to identify novel disease-associated genes, we obtained 
monocytes from female MG singleton(3), MZ twin pairs 
discordant(4) and concordant(3) for MG, as well as from 
5 age-and sex-matched healthy controls. The expression 
and methylation profiles between MG cases and healthy 
controls, and between discordant twins were compared. 
57 differentially expressed genes (DEGs) were identified 
between controls and MG patients, but none between the 
discordant MG twins and their healthy co-twins (DTH). 
30 transcripts were selected for replication by RT-PCR 
and 19 were found to be significantly different between 
15 MG cases and 15 controls. Moreover, 4 of the tran-
scripts showed small but significant differences between 
the discordant twins. Pathway analysis showed that trig-
gering receptor expressed on myeloid cells (TREM-1), an 
important mediator of innate inflammatory responses, is 
the upstream regulator of 6 of the validated transcripts. 
This result suggests a possible functional impairment in 
MG monocytes that may contribute to MG pathogenesis. 
Over 1800 differentially methylated genes (DMGs) were 
found between controls and MG patients, of which 20 
significantly differed within the discordant twins. Out of 
the 14 selected DMGs for replication, 5 were significantly 
different between MG cases and controls, with DTH be-
ing an intermediate group between the two. However, for 
most DEGs and DMGs the DTH samples clustered with 
the MG samples, and not with the controls, indicating a 
partly presence of the disease-associated profile, despite 
the lack of a clinical phenotype. The DMGs were highly 
enriches in the intergenic region with no functional anno-
tation, and accordingly no clear correlations were found 
between the list of DEGs and of DMGs. Our results sug-
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gest that monocytes may play a role in MG pathogenesis. 
The novel MG-associated genes and possible altered path-
ways and epigenetics factors identified should be further 
explored. Furthermore, the obtained MG-associated tran-
scription and methylation profile may indicate predisposi-
tion to MG.

205 
Characterization of the role of miR-150-5p in 
Myasthenia Gravis 

Mélanie Cron(1) - Frédérique Truffault(1) - Ambra Vittoria 
Gualeni(2) - Annunziata Gloghini(2) - Sonia Berrih-Aknin(1) 
Rozen Le Panse(1)

UMRS 974 UPMC - INSERM - Fre 3617 CNRS - Aim, Center 
of Research in Myology, Paris, France(1) - Department of 
Pathology and Laboratory Medicine, Istituto Nazionale Dei 
Tumori, Milano, Italy(2)

Myasthenia gravis (MG) is an autoimmune disease main-
ly mediated by auto-antibodies against the acetylcholine 
receptor at the neuromuscular junction. In MG patients, 
the thymus is characterized by B-cell infiltrations leading 
to ectopic germinal center development (GC). microR-
NAs are small non-coding RNAs that regulate protein ex-
pression through direct interactions with mRNA. They are 
involved in many physiological and pathophysiological 
processes, including autoimmune diseases. We previously 
demonstrated that miR-150 was upregulated in the serum 
of MG patients, and was significantly downregulated af-
ter thymectomy in correlation with disease improvement 
(Punga et al. 2014). 
The aim of this study is to determine the potential role of 
miR-150 in MG patients by investigating its expression 
and its function in MG patients. We showed that miR-150 
was upregulated in the thymus of MG patients with nu-
merous GCs and decreased when patients were under cor-
ticoid treatment. The levels of miR-150 were correlated 
with thymic expression of the B-cell marker CD19, and 
in situ hybridization analyses are in progress to confirm 
the link between miR-150 overexpression and GCs in MG 
patients. In contrast, we observed a down-regulation of 
miR-150 expression in PBMCs of MG patients that could 
explain the increased serum levels of this miR-150 in MG. 
We are now investigating the functional role of circulat-
ing miR-150 as it could modulate PBMC functions. Al-
together, these data demonstrate that miR-150 could play 
a central role in MG both at the thymic level and in the 
periphery.

206 
Interleukin-23 level in thymuses of myasthenia 
gravis patients  

Villegas Jose Adolfo - Le Panse Rozen - Berrih-Aknin 
Sonia - Dragin Nadine
Center of Research in Myology, Sorbonne Universités, UPMC - 
INSERM Umrs 974, CNRS Fre3617, Institute of Myology, G.h. 
Pitié-Salpêtrière, Paris, France

Myasthenia gravis (MG) is an antibody-mediated 
autoimmune disease. The more common MG form is 
characterized by antibodies against the acetylcholine 
receptor (AChR) located at the neuromuscular 
junction and by follicular hyperplasia of the thymus. 
We previously demonstrated in the thymus of AChR-
MG patients a general inflammation and an anti-viral 
signature (Interferon type I) (Le Panse et al, 2006). The 
different cellular compartments are affected: 1) thymic 
epithelial cells (TECs) overexpress pro-inflammatory 
cytokines such as Interleukin 1 (IL-1) and Interleukin 6 
(IL-6) (Cohen-Kaminsky et al, 1993) 2) Treg cells present 
severe functional defects (Balandina et al, 2005) and a 
T-cell transcriptome analysis showed a bias toward Th17 
phenotype (Gradolatto et al, 2014). Since TECs contribute 
to the generation of functional thymic Treg cells 
(Nazzal et al, 2014), we hypothesize that the imbalance 
between Treg and Th17 cells could be due to the pro-
inflammatory status of TEC. IL-17 production is known 
to be regulated by the interleukin 23 (IL-23) pathway. 
Thus, our objective was to investigate whether MG TEC 
overproduced IL-23 and its contribution to T cell subset 
disequilibriumOur data demonstrated that TEC from MG 
patients overproduced IL-23. We then investigated which 
factors could affect IL-23 expression. We showed that 
interferon type I and IL-17 promoted the overexpression 
of IL-23 in TECs. These data suggest that the general 
inflammation found in MG thymuses likely maintain 
high level of IL-23 production by TECs. Moreover, it 
also appears that IL-17 contributes to the regulation of 
IL-23 expression. Our results suggest that in AChR-MG 
thymuses, a global inflammatory environment leading to 
an altered equilibrium of T-cell subsets with an increase of 
IL-17, due to the overexpression of IL-23 by TECs results 
to an uncontrolled loop of regulation of T-cells expressing 
IL-17. Further analyzes have to be done to understand the 
reasons for this snowball effect.
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211 
AhR may be involved in autoimmune myasthenia 
gravis. 

Villegas Jose Adolfo - Khansa Rémi - Le Panse Rozen  
Berrih-Aknin Sonia - Dragin Nadine
Center of Research in Myology, Sorbonne Universités, UPMC - 
INSERM Umrs 974, CNRS Fre3617, Institute of Myology, G.h. 
Pitié-Salpêtrière, Paris, France

Exposure to environmental pollutant is on the rise and is 
associated to adverse health effects, including chronic dis-
eases, cancer and autoimmune or inflammatory diseases. 
Recently, various studies have shown that the aryl hydro-
carbon receptor (AHR), transcription factor activated by 
environmental contaminants, induces an immune disequi-
librium that leads to autoimmunity. Myasthenia Gravis 
(MG) is an antibody-mediated autoimmune disease. The 
more common MG form is characterized by antibodies 
directed to the acetylcholine receptor of the neuromuscu-
lar junction and by a thymic hyperplasia. Our aim was to 
study the implication of this AHR receptor in autoimmune 
MG. We show that AHR is overexpressed and overacti-
vated in thymi of AChR+ MG patient. Using immunohis-
tochemistry and flow cytometry, we then identified the 
immune cells that display the highest AHR expression: 
T-regulatory cells, B-cells, whereas in thymic epithelial 
cells (TECs) AHR expression is low. More, in the experi-
mental model of MG, AHR ligand treatment increases the 
pathology incidence in mice suggesting that exposure 
may favor or be an inducer for the disease development. 
In vitro, AHR ligands treatment on control human pri-
mary TEC induced a cytokine and chemokines produc-
tion deregulation similar to what have been found in MG 
thymuses: up-regulation IL-6, and CXCL13 and CCL21, 
and a down-regulation of TGF-β. Altogether, these results 
suggest that AHR activation may have an impact on the 
balance of Th17/Treg in the thymus indirectly by affect-
ing the proliferation and the cytokine secretion capacity 
of TECs. These changes can eventually enhance or lead to 
autoimmune disease in predisposed subjects.

334 
The Role of Slow and Persistent TTX-resistant 
Sodium Currents in Acute Tumor Necrosis 
Factor alpha - Mediated Increase in Nociceptors 
Excitability 

Sagi Gudes - Omer Barkai - Yaki Caspi - Ben Katz - 
Shaya Lev - Alexander M. Binshtok
Institute For Medical Research Israel-canada, The Edmond And 
Lily Safra Center For Brain Sciences, Department Of Medical 
Neurobiology, Faculty Of Medicine, The Hebrew University, 
Jerusalem, Israel

Tetrodotoxin (TTX)-resistant sodium channels are key 
players in determining the input-output properties of pe-
ripheral nociceptive neurons.  Changes in gating kinetics 
or in expression levels of these channels by proinflam-
matory mediators are likely to cause the hyperexcitability 
of nociceptive neurons and pain hypersensitivity observed 
during inflammation. Proinflammatory mediator, tumor 
necrosis factor (TNF) alpha, is secreted during inflam-
mation and is strongly associated with the early onset, as 
well as long lasting, inflammation-mediated increase in 
excitability of peripheral nociceptive neurons.  Here we 
studied the underlying mechanisms of the rapid compo-
nent of TNF alpha -mediated nociceptive hyperexcitabil-
ity and acute pain hypersensitivity.  We show that TNF 
alpha leads to rapid onset, cyclooxygenase - independent 
pain hypersensitivity in adult rats. Furthermore, TNF al-
pha rapidly and substantially increases nociceptive excit-
ability in-vitro, by decreasing action potential threshold, 
increasing neuronal gain and decreasing accommoda-
tion. It has been previously demonstrated that TNF  al-
pha mediates p38 mitogen-activated protein kinase  (p38 
MAPK)-dependent, increase in TTX-resistant sodium 
current, which does not entail changes in activation or 
steady-state inactivation of the channels.  In this study we 
have extended these findings, by showing that TNF alpha, 
via p38 MAPK, leads to increased availability of TTX- re-
sistant sodium channels by partial relief of voltage depen-
dence of their slow inactivation, thereby contributing to 
TNF alpha-mediated increase in neuronal gain. Moreover, 
we show that TNF alpha, also in a p38 MAPK-dependent 
manner, increases persistent TTX- resistant current by 
shifting the voltage dependence of activation to a hyper-
polarized direction, thus producing an increase in inward 
current at functionally critical subthreshold voltages.  
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19 
NIK promotes the generation of functional 
encephalitogenic effector T-cells 

Sonja M. Lacher(1) - Stefan Tenzer(2)  - Khalad Karram(1) 
Beate Lorenz(3) - Matthias Klein(2) - Tobias Bopp(2)  
Esther von Stebut(3) - Florian C. Kurschus(1)  
Ari Waisman(1)

Institute For Molecular Medicine, University Medical Center Of 
The Johannes-Gutenberg University Mainz, Mainz, Germany(1) 
Institute For Immunology, University Medical Center Of The 
Johannes-Gutenberg University Mainz, Mainz, Germany(2) - 
Department Of Dermatology, University Medical Center Of The 
Johannes-Gutenberg University Mainz, Mainz, Germany(3)

NF-kB inducing kinase (NIK) is the key member of the 
non-canonical NF-kB signaling pathway. Using gene-
deficient mice it was shown that NIK is essential for the 
induction of the T-cell driven disease experimental auto-
immune encephalomyelitis (EAE), the mouse model of 
multiple sclerosis. As complete deletion of NIK leads to 
various developmental defects in the immune system, we 
generated a conditional NIKflfl knockout mouse strain to 
investigate its specific role in T-cells. Under steady state 
conditions, mice with T-cell specific NIK deficiency dis-
played normal organization of lymphoid organs and har-
bored normal TH1/TH17 cell numbers. However, these 
mice were resistant to EAE induction, which was ac-
companied by a dramatic reduction of CNS-infiltrating 
immune cells. We found that in response to MOG/CFA 
immunization, autoreactive T-cells were impaired in de-
velopment and showed decreased expression of IFNg/
IL-17A specifically at late priming stages. However, in 
vitro differentiation to TH1 and TH17 was not affected. 
Importantly, we detected a dramatic reduction in the pro-
liferation of activated knockout T-cells after MOG re-
challenge and an increased apoptosis rate of mutant effec-
tor memory CD4+ T-cells. Proteomic analysis of activated 
NIK knockout T-cells revealed deregulated expression of 
several proteins involved in the formation of the immu-
nological synapse. Thus, we propose a new mechanism 
suggesting a role for NIK in promoting the development 
of encephalitogenic effector T-cell populations via the for-
mation of active immunological synapses.

23 
The G-protein-coupled receptor EBI2 is highly 
expressed in MS lesions and promotes early CNS 
migration of encephalitogenic Th17 cells in EAE 

Florian Wanke(1) - Andrew L. Croxford(2) - Sonja Moos(1) 
André P. Heinen(1) - Stephanie Firmenich(1) - Denise 
Tischner(3) - Yilang Tang(1) - Morad Zayoud(1) - Nicole 
Israel(1) - Khalad Karram(1) - Julia Bruttger(1) - Sonja 
Reißig(1) - Sonja Lacher(1) - Christian Reichhold(1)  
Ilgiz A. Mufazalov(1) - Tanja Kuhlmann(4) - Nina 
Wettschureck(3) - Andreas W. Sailer(5) - Klaus Rajewsky(6) 

Stefano Casola(7) - Ari Waisman(1) - Florian C. Kurschus(1)

Institute For Molecular Medicine, University Medical 
Center Of The Johannes Gutenberg-university Mainz, Mainz, 
Germany(1) - Institute Of Experimental Immunology, University 
Of Zurich, Zurich, Switzerland(2) - Max Planck Institute For 
Heart And Lung Research, Max Planck Institute For Heart 
And Lung Research, Bad Nauheim, Germany(3) - Institute 
Of Neuropathology, University Hospital Münster, Münster, 
Germany(4) - Developmental And Molecular Pathways, Novartis 
Institutes For Biomedical Research, Basel, Switzerland, Basel, 
Switzerland(5) - Max-delbrueck-center For Molecular Medicine, 
Max-delbrueck-center For Molecular Medicine, Berlin-buch, 
Germany (6) - Ifom, The Firc Institute Of Molecular Oncology, 
Milan, Italy (7)

Transmigration of encephalitogenic T cells into the CNS 
represents a critical step in the development of experi-
mental autoimmune encephalomyelitis (EAE), the animal 
model for multiple sclerosis (MS). Epstein-Barr virus-
induced G-protein-coupled receptor 2 (EBI2 or GPR183), 
and its ligand 7α,25-dihydroxycholesterol (7α,25-OHC) 
direct leukocyte migration and localization in spleen and 
lymph nodes. We found that the enzymes catalyzing cho-
lesterol to 7α,25-OHC, CH25H and CYB7B1 are greatly 
elevated in the spinal cords of mice with EAE. Using new 
EBI2 reporter/knockout mice we found that the proinflam-
matory cytokines IL-23 and IL-1β induced expression 
of EBI2 in differentiating of myelin-specific Th17 cells, 
which promoted their early migration into the CNS. Hu-
man Th17 cells also expressed EBI2, and EBI2 expressing 
cells are abundant within MS white matter lesions. These 
findings implicate EBI2 as enhancer of CNS autoimmu-
nity, and describe mechanistically its contribution to the 
migration of autoreactive T cells into inflamed organs.

Pathogenetic immune mechanisms in neuroinflammation and demyelination in EAE 
and Multiple Sclerosis
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34 
DNA methylation changes in brains from 
Multiple Sclerosis patients 

Lara Kular(1) - Maria Needhamsen(1) - Tatiana 
Kramarova(1) - David Gomez-cabrero(2) - Ewoud 
Ewing(1) - Milena Z Adzemovic(1) - Jesper Tegnér(2) - Lou 
Brundin(1) - Maja Jagodic(1)

Karolinska Institute, Dept Of Clinical Neuroscience, Karolinska 
University/hospital, Stockholm, Sweden(1) - Karolinska Institute, 
Dept Of Medicine, Karolinska University/hospital, Stockholm, 
Sweden(2)

The mechanisms underlying neurodegeneration in Mul-
tiple Sclerosis (MS) are still poorly understood. The study 
of stable epigenetic modifications, such as DNA methyla-
tion (5mC), that orchestrates genome activity in response 
to environmental cues could unravel both the causes 
and driving mechanisms underlying neurodegeneration 
in MS. DNA methylation, which often associates with 
gene repression, can be reliably measured in postmortem 
brain samples. Recently, another epigenetic mark, DNA 
hydroxymethylation (5hmC), has gained particular atten-
tion due to high abundance in brain tissue and its specific 
genomic distribution and regulatory properties. We aim 
to characterize DNA (hydroxy)methylation changes in af-
fected and healthy brains.
We performed genome-wide 5mC and 5hmC analyses 
using Infinium HumanMethylation450 BeadChip array 
(covering 99% of RefSeq genes) on snap frozen brain tis-
sue collected within 24h postmortem from MS patients 
and controls (Multiple Sclerosis and Parkinson’s Tissue 
Bank, Imperial College London). We set up a bioinfor-
matics analysis pipeline to quantify levels of both 5mC 
and 5hmC genome-wide. Multidimensional scaling, prin-
cipal component analysis and cluster analysis revealed a 
significant impact of tissue composition and brain region-
ality, which are necessary to be taken into account prior 
to further examining global and local differences between 
MS patients and controls. Preliminary data suggest that 
this enables identification of differential DNA methyla-
tion and altered pathways in MS brains.
Our findings suggest that MS brain acquires changes 
that can be detected (postmortem) on the level of DNA 
(hydroxy)methylation. Preliminary data implicate puta-
tive key processes that could contribute to impaired brain 
activity and inability to repair after immune insult. Thus, 
this study may open promising insights into pathogenesis 
and treatment of MS as well as other neurodegenerative 
diseases.

35  
C-type lectin receptors modulate experimental 
autoimmune encephalomyelitis 

Marie N’diaye(1) - Sevasti Flytzani(1) - Susanna Brauner(1) 
Andreas Warnecke(1) - Lara Kular(1) - Eliane Piket(1) 
Milena Z Adzemovic(1) - Michael R Daws(2) - Tomas 
Olsson(1) - Andre Ortlieb Guerreiro-Cacais(1) - Maja 
Jagodic(1)

Karolinska Institutet - Department Of Clinical Neuroscience, 
Center for Molecular Medicine, Stockholm, Sweden(1) – 
University Of Oslo - Department Of Anatomy, University Of 
Oslo, Oslo, Norway(2)

C-type lectin receptors (CLRs) are expressed on myeloid 
cells and can sense not only pathogens but also tissue 
damage. The ability to sense cell death by Clec4e has 
been associated to the pathogenesis of ischemic stroke, 
traumatic brain injury and experimental uveoretinitis. Our 
interest in CLRs stems from our previous findings that ge-
netic variation in a CLR gene cluster on rat chromosome 
4 modulates susceptibility to experimental autoimmune 
encephalomyelitis (EAE), an animal model of Multiple 
Sclerosis (MS). To study these receptors we have devel-
oped a congenic strain on the susceptible DA background 
in which genes of the Dectin2 cluster comprising Clec4b2, 
Clec4d and Clec4e have been replaced by the alleles from 
the resistant PVG strain. 
The congenic strain exhibited dramatic protection against 
myelin oligodendrocyte glycoprotein (MOG)-induced 
EAE that was accompanied by reduced demyelination 
and CNS inflammation compared to the susceptible litter-
mate control. We observed less infiltrating lymphocytes, 
macrophages/monocytes and granulocytes in the CNS of 
congenic animals just before the peak of disease. Infil-
trating myeloid cells showed a reduced activation profile 
with less MHC II expression and infiltrating lymphocytes 
showed a reduced polarization towards a Th17 phenotype 
and a reduced cell proliferation. In-vitro, myeloid cells 
from congenic animals displayed a reduced levels of Cl-
ec4d and Clec4e and lower expression of TNF, iNOS, cy-
tokines of the Th17 lineage (IL-6, IL-23 and IL12/23p40) 
and chemokines (CXCL1, CCL2 and CCL3) after stimu-
lation with receptor-specific exogenous ligands. These 
results suggested that myeloid cells expressing lower Cl-
ec4d and Clec4e would have a reduced capacity to main-
tain Th17 phenotype and recruit neutrophils. Indeed, su-
pernatant from stimulated congenic myeloid cells failed 
to promote Th17 differentiation in-vitro. Finally, we con-
firmed the importance of these receptors in-vivo by a gene 
silencing experiment. We treated DA rats with MCL and 
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Mincle siRNA delivered in the cerebrospinal fluid using 
intrathecal and intracisternal injections prior to the devel-
opment of clinical signs. Treated rats were protected from 
MOG-induced EAE.
Our data suggest an important role of CLRs in promoting 
the inflammatory response, particularly the Th17 path-
way, in the CNS of EAE animals.

37 
DNA methylation profiles in four immune cell 
types from Multiple Sclerosis patients: shared 
and cell type-specific methylation changes 

Ewoud Ewing(1) - Sabrina Ruhrmann(1) - Lara Kular(1) - 
Yun Liu(2) - Jesper Tegner(1) - Nestoras Karanthanasis(3) 
Vincenzo Lagini(4) - Ioannis Tsamaridinos(4) - Andrew P. 
Feinberg(2) - Frederik Piehl(1) - David Gomez-cabrero(1) - 
Maja Jagodic(1)

Karolinska Institutet, Karolinska Sjukhuset, Stockholm, 
Sweden(1) - Center For Epigenetics, Johns Hopkins University 
School Of Medicine, Baltimore, United States(2) - Institute 
Of Computer Science Forth, University Of Crete, Heraklion, 
Greece(3) - Computer Science Department, University Of Crete, 
Heraklion, Greece(4)

Abstract: Multiple Sclerosis (MS) is a chronic inflam-
matory disease characterized by autoimmune attack and 
destruction of myelin and neurons in the central nervous 
system. T cells play a central role in the pathogenesis of 
MS and differences in DNA methylation have previously 
been reported in CD4+ and CD8+ T cells. 
To determine the MS-specific DNA methylation profiles, 
four different immune cell types were sorted from relaps-
ing-remitting (RR-MS) and secondary-progressive (SP-
MS) patients and compared with healthy controls (HC). 
T- (CD4+ and CD8+) and B-cells (CD19+) were sorted by 
MoFlo™ (Beckman Coulter, Inc), monocytes (CD14+) 
were sorted manually by using MACS microbeads (Milt-
enyi), from peripheral blood of RR-MS (n=20) and SP-
MS (n=19) patients and HC (n=21). Genome-wide DNA 
methylation was profiled using the Infinium HumanMeth-
ylation450 BeadChip arrays.
We used the Non-Parametric Combination (NPC) ap-
proach (as implemented in the HolistOmics function of 
the R package STATegRa), to discover differences that are 
either specific for one cell type or shared among multiple 
cell populations using a 3-stage removal strategy. 
This is the first time DNA methylation in these cell types 
have been studied together, revealing an increased power 
in combining multiple cell types. Genome-wide signifi-

cant differentially methylated positions (FDR P.value 
<0.05) were detected in CD8+, CD14+ and CD19+ cells. 
None of the CpGs within CD4+ cells passed genome-wide 
significance, despite previous reports. Pathway analysis 
was performed on NPC significant probes using GREAT, 
which revealed numerous immune and non-immune relat-
ed terms to be enriched in combination of these cell types 
indicating cell-type specific as well as shared epigenetic 
modifications.

42 
Autophagy-mediated antigen presentation in 
CNS autoimmunity 

Christian W. Keller(1) - Christina Sina(1) - Giulia Ramelli(1) 
Isaak Quast(1) - Christian Münz(1) - Jan D. Lünemann(1)

Institute Of Experimental Immunology, University Of Zurich, 
Zurich, Switzerland(1)

The emergence, (re-)activation and expansion of autore-
active CD4+ T cells within the central nervous system 
(CNS) are considered to play a key role in the pathogen-
esis of multiple sclerosis (MS). The mechanisms respon-
sible for their pathogenicity are, however, incompletely 
understood. Autophagy comprises a set of highly con-
served cellular pathways that direct cytoplasmic cargo to 
lysosomes for subsequent degradation and shuttles anti-
gens into MHC class II loading compartments for recog-
nition by CD4+ T cells. We hypothesized that autophagy 
deficiency in CD11c+ cells abrogates loading of myelin 
antigen onto MHC class II molecules, thereby blocking T 
cell-mediated tissue damage during experimental autoim-
mune encephalomyelitis (EAE). To address this hypoth-
esis, we generated conditional knockout mice (C57BL/6) 
for disruption of the essential autophagy protein 5 (Atg5) 
in CD11c+ antigen presenting cells (Atg5fl/fl-CD11c-
cre). Absence of Atg5 in CD11c+ cells did not signifi-
cantly alter the susceptibility and clinical disease severity 
of EAE following active disease induction. In contrast, 
Atg5fl/fl-CD11c-cre mice were resistant to EAE devel-
opment following adoptive transfer of myelin-specific T 
cells. At peak of disease, following adoptive transfer of 
myelin-specific T cells, Atg5fl/fl-CD11c-cre mice showed 
substantially lower frequencies of CNS-infiltrating CD4+ 
T cells. The cytokine profile (IFN-gamma, GM-CSF, and 
IL-17) of CNS-infiltrating and spleen-derived CD4+ T 
cells was unaltered in Atg5fl/fl-CD11c-cre mice. Our data 
support the concept of CD11c+ DCs as the most efficient 
APCs during the effector phase of EAE and indicate a 
requirement for Atg5 in driving the re-activation and en-
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cephalitogenicity of myelin-specific CD4+ T cells within 
the CNS.

47 
Dysregulation of Repressor Element 1-Silencing 
Transcription factor in a mouse model of 
multiple sclerosis 

Valentina Petrosino(1) - Stefania Criscuolo(2) - Federica 
Buffolo(2) - Fabrizia Cesca(2) - Nicole Kerlero De Rosbo(1) 
Fabio Benfenati(2) - Antonio Uccelli(1)

Department Of Neurosciences, Rehabilitation, Ophthalmology, 
Genetics, Maternal And Child Health (dinogmi), University 
Of Genoa, Genoa, Italy(1) - Center For Synaptic Neuroscience, 
Istituto Italiano Di Tecnologia (iit), Genoa, Italy(2)

The repressor element 1-silencing transcription factor 
(REST) regulates neurogenesis and neuronal identity 
through cell-specific gene repression. During neuronal 
differentiation, REST levels are reduced and REST is qui-
escent in mature neurons, allowing expression of its target 
genes. Dysregulation of REST and of the expression of 
its target genes have been implicated in several neurode-
generative disorders. However, whether REST dysregula-
tion is a deleterious or protective mechanism is still being 
debated. We have addressed REST expression in chronic 
experimental autoimmune encephalomyelitis (EAE), the 
purported model for multiple sclerosis, a neurodegen-
erative disease characterized by inflammation leading 
to demyelination and axonal loss, induced in C57Bl/6J 
mice with myelin oligodendrocyte glycoprotein. Pre-
liminary results indicate that REST mRNA and protein 
levels significantly increase in the spinal cord of EAE-
affected mice compared to healthy controls 24 hours af-
ter disease onset. Analysis of mRNA expression of REST 
gene targets indicated that voltage-dependent Na+ chan-
nel Nav1.2 was significantly downregulated, confirming 
transcriptional repression by increased levels of REST 
and suggesting neuronal dysregulation at this early stage 
of EAE. Expression of brain-derived neurotrophic factor 
and synaptosomal-associated protein 25 was not affected. 
A time-course analysis of REST mRNA expression at spe-
cific EAE stages and in specific CNS areas confirmed that 
REST levels are increased in the spinal cord at early dis-
ease phase, with a strong upregulation at disease peak that 
decreased at the chronic stage. This was accompanied by 
concomitant downregulation of mRNA expression of the 
REST target genes analyzed (Nav 1.2, somatostatin, syn-
apsin, and NMDAR). Analysis of REST mRNA expres-
sion in various brain areas revealed a small upregulation 

in the striatum at disease peak that, unexpectedly, was as-
sociated with upregulation of target genes at mRNA level. 
REST mRNA expression did not change in other brain 
areas. These data confirm that defects of REST expres-
sion occur throughout EAE in spinal cord and striatum. 
Our results suggest that neural cells respond to pathologi-
cal stimuli modulating REST expression, identifying it as 
a potential molecular target in EAE for interfering with 
neuronal fate and rescue disease phenotype.

48 
RNA-binding protein HuR regulates CCR6 
expression on Th17 cells 

Jing Chen(1) - Jennifer Martindale(2) - Carole Cramer(3) 
Myriam Gorospe(2) - Ulus Atasoy(4) - Paul Drew(5)  
Shiguang Yu(1)

Department Of Neurology, Thomas Jefferson University, 
Philadelphia, United States(1) - Laboratory Of Genetics, 
National Institute On Aging-intramural Research Program, Nih, 
Baltimore, United States(2) - Department Of Biological Sciences 
And Abi, Arkansas State University, Jonesboro, United States(3) - 
Department Of Mmi, University Of Missouri, Columbia, United 
States(4) - Department Of Neurobiologiy And Developmental 
Sciences, University Of Arkansas For Medical Sciences, Little 
Rock, United States(5)

The C-C chemokine receptor 6 (CCR6) is critical for 
pathogenic Th17 cell migration to the sites of inflamma-
tion in several autoimmune diseases including multiple 
sclerosis (MS) and experimental autoimmune encepha-
lomyelitis (EAE).  While many cytokines and their re-
ceptors are potently regulated via post-transcriptional 
mechanisms in response to various stimuli, the post-tran-
scriptional regulation of CCR6 expression in Th17 cells 
remains unknown.  Here, using RNA-binding protein 
HuR conditional knockout (KO) and wild type (WT) 
mice, we present evidence that HuR post-transcriptionally 
regulates CCR6 expression by binding to and stabilizing 
Ccr6 mRNA as well as by promoting CCR6 translation.  
In addition, HuR downregulates several proteins implicat-
ed in microRNA biogenesis which could target the 3’UTR 
of Ccr6 mRNA for decay.  Accordingly, knockout of HuR 
reduced CCR6 expression on Th17 cells and impaired 
their migration compared to WT Th17 cells, thereby ame-
liorating autoimmune encephalomyelitis.  Together, these 
studies highlight the function of HuR in Th17 cells in au-
toimmune neuroinflammation.(Supported by NIH Grant 
Number p20GM103429 and R01AI119135).
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58 
T cell-mediated CNS autoimmunity can be 
initiated by myelin-reactive antibodies opsonizing 
CNS antigen 

Silke Kinzel(1) - Sebastian Torke(1) - Claude C. Bernard(2) 
Patrice H. Lalive(3) - Markus Reindl(4) - Albert Saiz(5)  
Wolfgang Brück(1) - Martin Weber(1)

University Medical Center Göttingen, Institute Of 
Neuropathology, Göttingen, Germany(1) - Monash University, 
Monash Immunology And Stem Cell Laboratories, Melbourne, 
Australia(2) - University Hospital Of Geneva, Department Of 
Pathology And Immunology , Faculty Of Medicine, Geneva, 
Switzerland(3) - Medical University Of Innsbruck, Clinical 
Department Of Neurology, Innsbruck, Austria(4) - University Of 
Barcelona, Hospital Clinic, Service Of Neurology, Barcelona, 
Spain(5)

Background/ Objective: The majority of patients with 
neuromyelitis optica (NMO) and related spectrum 
disorders (NMO-SD) contain peripheral Ab against 
central nervous system (CNS) antigens, such as astrocytic 
aquaporin-4 or myelin oligodendrocyte glycoprotein 
(MOG). In this study, we investigated whether these 
peripherally raised humoral responses foster development 
of inflammatory CNS demyelinating disorders.
Methods: We therefore injected anti-MOG Ab 8.18C5 in-
travenously into 2D2 mice containing a high frequency of 
MOG-reactive T cells. Spontaneous experimental autoim-
mune encephalomyelitis (EAE) development as well as 
the extent of CNS damage was evaluated. Disease trig-
gering mechanisms were examined in co-culture assays 
using antigen-presenting cells (APC), T cells and traces of 
MOG in the presence or absence of 8.18C5.
Results: Adoptive transfer of 8.18C5 induced activation 
and expansion of encephalitogenic T cells in naïve 2D2 
mice, subsequently triggering infiltration, demyelination 
and manifestation of severe EAE. To investigate how pe-
ripherally applied Ab initiated EAE, we first elucidated 
that MOG protein is drained from the CNS to secondary 
lymphoid organs, where MOG reactive T cells expanded. 
To then elucidate how anti-MOG Ab facilitated T cell ac-
tivation, MOG-specific T cells were co-cultured in vitro 
with APC and a limitingly low concentration of MOG. 
In this system, 8.18C5 facilitated recognition, internaliza-
tion and presentation of MOG to T cells triggering their 
encephalitogenic differentiation. This mechanism was 
strictly Fc-dependent, as inhibition of Fc signaling abol-
ished the effect. Using this in vitro setting, we observed 
that patient-derived ant-MOG Abs similarly enhanced 
recognition of human myelin.

Conclusion: Our data indicate that similar to myelin-spe-
cific B cells, MOG-specific Ab suffice to induce spontane-
ous EAE when MOG-recognizing T cells are present. We 
propose that CNS draining lymph nodes may be the site 
where anti-CNS Ab confer specific antigen recognition 
via opsonization to myeloid APC. Thereby, Ab boost an-
tigen uptake and generation of peripheral auto-reactive T 
cells triggering CNS infiltration in return. This highlight-
ed process could be of particular relevance for disease ini-
tiation and development of acute relapses in the subgroup 
of NMO-SD patients containing MOG-specific Ab. 

59 
Metabolism and autoimmunity: how protein 
catabolism modulates autoimmune inflammation 

Andre Ortlieb Guerreiro-Cacais - Rasmus Berglund 
Maja Jagodic - Tomas Olsson
Karolinska Institutet, Department Of Clinical Neuroscience, 
Stockholm, Sweden

Autoimmune diseases arise through a combination of 
genetic predisposition and environmental factors, but 
very few studies have directly investigated how genetic 
variation together with environmental cues leads to 
autoimmune activation. Through experiments in an MS 
animal model in rats we have found that genetic variation 
in a locus on chromosome 4, coding for Hibadh, gave a 
strong protection from disease. We have thus developed 
a novel mouse strain for the conditional deletion of 
Hibadh in the context of the MS animal model EAE. 
Preliminary results show that Hibadh exerts an effect 
already during the priming phase, suggesting a direct 
modulation of immunity but not excluding its role in CNS 
homeostasis. Hibadh is known to participate in valine 
degradation, which is interesting given the link between 
metabolism of aminoacids and different activation states 
of both antigen-presenting cells and T cells. We intend to 
address the function of this gene by conditional deletion 
in different immune compartments as well as through 
the administration of specific diets and the analysis of 
metabolomics from tissue samples and in vitro cultured 
cells. Additionally, we have access to large cohorts of MS 
patient material for which genotype, live cells, mRNA, 
serum and diet information is available. Our aim with 
this study is thus to explain one of the long-sought links 
between genetic variability, metabolism and inflammation.
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66 
Neutrophil perversion in demyelinating 
autoimmune diseases: mechanisms to medicine 

Vallieres Luc – Ryder Whittaker Hawkins – Alexandre 
Patenaude – Aline Dumas
Laval University, Molecular Medicine, Quebec, Canada

Life is impossible without neutrophils, yet dramatic if 
these cells are improperly controlled. Neutrophil per-
version has been confirmed in a variety of inflamma-
tory disorders, but is just beginning to be appreciated in 
autoimmune demyelination, the most common cause of 
neurological disability in young adults. In this presenta-
tion, I will discuss the importance of neutrophils and 
their mechanism of recruitment in the mouse model ex-
perimental autoimmune encephalomyelitis (EAE). I will 
report the existence of two subsets of neutrophils, which 
have been characterized by transcriptome profiling and 
super-resolution microscopy. The evidence available so 
far suggests that neutrophils can contribute to demyelin-
ation via different functions: secretion of leukocytic and 
endothelial modulators, antigen presentation to T cells, 
and myelin phagocytosis. Therefore, neutrophil-related 
proteins may serve as biomarkers or therapeutic targets in 
neuroinflammatory diseases such as neuromyelitis optica, 
acute disseminated encephalomyelitis and certain forms 
of multiple sclerosis.

69 
Inflammation drives mitochondrial dysfunction 
and associated neurodegeneration in multiple 
sclerosis 

Philip Nijland(1) - Maarten Witte(2) - Richard Reynolds(3) - 
Jack Van Horssen(1)

Vu University Medical Center, Molecular Cell Biology And 
Immunology, Amsterdam, Netherlands(1) - Institute Of Clinical 
Neuroimmunology, Ludwig-maximilians University, Munich, 
Germany(2) - Division Of Brain Sciences, Faculty Of Medicine, 
Imperial College London, London, United Kingdom(3)

The aim of this study is to gain more insight into 
inflammatory processes and mediators that contribute 
to mitochondrial dysfunction and subsequent 
neurodegeneration in progressive multiple sclerosis 
(MS). Neuronal mitochondrial dysfunction is strongly 
linked to neurodegeneration in MS. Recently, we 
identified reduced expression of peroxisome proliferator-
activated receptor-gamma co-activator 1alpha (PGC-

1alpha) as a possible contributor to the mitochondrial 
changes observed in MS cortical neurons. PGC-1alpha 
is a transcriptional cofactor that regulates transcription of 
key genes involved in mitochondrial function and energy 
metabolism. Yet, the underlying mechanisms leading 
to reduced neuronal PGC-1alpha expression remain 
enigmatic. Previous studies have shown that meningeal 
inflammation is strongly associated with activation of 
underlying cortical microglia and the extent of neuronal 
loss. We observed a pronounced reduced neuronal PGC-
1alpha immunostaining in areas with abundant microglia 
activation suggesting that proinflammatory mediators 
might contribute to decreased neuronal PGC-1alpha 
levels. Our results show that the pleiotropic cytokine 
TNF reduces neuronal PGC-1alpha expression and ATP 
production and enhances mitochondrial ROS production 
in vitro. Using a novel MS animal model with extensive 
cortical pathology we validated our in vitro findings and 
showed that TNF treatment reduced neuronal PCG-1alpha 
levels in vivo. 

70 
Identification of vitamin D responsive multiple 
sclerosis susceptibility genes in CD4+ T cells 

Tone Berge(1) - Ina Brorson(1,2) - Ingvild Leikfoss(1,2)  
Steffan Bos(1,2) - Christian Page(1,2) - Marte Gustavsen(2) 
Anja Bjølgerud(1,2) - Trygve Holmøy(3)  Elisabeth Celius(1) 
Jan Damoiseaux(4) - Joost Smolders(5) - Hanne Harbo (1,2) 
Anne Spurkland(6)

Oslo University Hospital, Neuroscience Research Unit, 
Department Of Neurology, Oslo, Norway(1) - University Of 
Oslo, Institute Of Clinical Medicine, Oslo, Norway(2) - Akershus 
University Hospital, Department Of Neurology, Lørenskog, 
Norway(3) - Maastricht University Medical Center, Central 
Diagnostic Laboratory, Maastricht, Netherlands(4) - Wilhelmina 
Hospital, Department Of Neurology, Nijmegen, Netherlands(5) - 
University Of Oslo, Institute Of Basic Medical Sciences, Oslo, 
Norway(6)

Multiple sclerosis (MS) is an inflammatory, demyelinat-
ing disorder of the central nervous system that develops 
in genetically susceptible individuals. The majority of the 
MS-associated gene variants are located in genetic re-
gions with importance for T cell differentiation. Vitamin 
D is a potent immunomodulator, and vitamin D deficiency 
has been suggested to be associated with increased MS 
disease susceptibility and activity. Vitamin D acts through 
its vitamin D receptor (VDR), which binds vitamin D 
response elements (VDRE) within regulatory regions of 
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its target genes, thereby affecting gene transcription. In 
CD4+ T cells, we have analyzed in vitro vitamin D re-
sponsiveness of selected VDRE-containing MS-associat-
ed genes. We identify IL2RA and TAGAP as novel vita-
min D target genes. The vitamin D response was observed 
in samples from both MS patients and controls, and was 
not dependent on the genotype of MS associated SNPs 
in the respective genes. From published VDR chromatin 
immunoprecipitation- sequencing data, we have now se-
lected additional MS-associated genes to be analyzed for 
vitamin D responsiveness in CD4+ T cells. 

73 
In search of a model for studying alternate 
autoimmunity post anti- CD52 treatment

Yohannes Haile - Colin C. Anderson
University Of Alberta, Alberta Diabetes Institute, Department 
Of Surgery, Edmonton, Canada

Introduction: Alemtuzumab is an anti-CD52 humanized 
antibody that treats multiple sclerosis (MS) by depleting 
lymphocytes leading to a temporary state of lymphopenia 
with a subsequent repopulation. Alemtuzumab is a prom-
ising therapy, however, more than 40% of alemtuzumab 
treated MS patients develop alternate autoimmune events 
with a major prevalence in thyroid autoimmunity. Hence, 
this study aims to develop an animal model of alternate 
autoimmunity post anti-CD52 treatment, and investigate 
the underlying mechanisms that led to the generation of 
this adverse effect.
Methods: We induced experimental autoimmune en-
cephalomyelitis (EAE) in 8-12 week old Rag2p-GFP 
and Rag2p-GFPxPD-1 KO B6 mice that express GFP in 
newly generated T and B cells. Mice were treated with 
10 mg/Kg/mouse anti-mouse CD52 (anti-muCD52) anti-
body on 5 consecutive days when they started to show 
symptoms of the disease. The baseline data, depletion and 
repopulation of lymphocytes were monitored using flow 
cytometry.
Results: Anti-muCD52 treatment reversed the severe 
symptoms of EAE mice to a clinical score grade 0 at the 
end of the 5-day treatment course.  Interestingly, PD-1 KO 
EAE mice demonstrated a persistently high clinical score 
of 3; nevertheless, anti-muCD52 was just as effective in 
reversing this severe disease. Similarly, weight loss in 
EAE mice in both groups also followed the same pattern. 
This was associated with the fact that anti-muCD52 sig-
nificantly depleted B, T and to a lesser extent natural killer 
cells within one week of the anti-muCD52 treatment in all 

EAE induced and non-EAE healthy control mice. Howev-
er, the state of lymphopenia was reversed within about 4-6 
weeks post mouse anti-muCD52 treatment. While T cells 
were not yet 100% back to the baseline, B cells recov-
ered more rapidly, returning near baseline. In both wild 
type and PD-1 KO mice, the proportions of CD4+, CD8+ 
and memory cells post anti-muCD52 treatment returned 
nearly back to the baseline levels. While the percentage 
of Foxp3 expressing regulatory T cells increased, the ab-
solute number remained low. On the other hand, recent 
thymic emigrants (RTE) cells appeared more resistant to 
anti-muCD52 mediated depletion. 
Conclusion: The data show for the first time that anti-
muCD52 efficacy is not dependent on the PD-1 signaling 
pathway of tolerance. The existence of low levels of Tregs 
and resistance of RTE to anti-muCD52 could together 
contribute to the development of autoimmune events.

79 
Allelic imbalance of multiple sclerosis 
susceptibility genes IKZF3 and IQGAP1 in 
human peripheral blood

Pankaj Kumar Keshari(1) - Hanne F. Harbo(1) - Kjell M 
Myhr(2) - Jan H Aarseth(2) - Steffan D Bos(1) - Tone Berge(1)

Department Of Neurology, Oslo University Hospital, Institute 
Of Clinical Medicine, University Of Oslo, Oslo, Norway(1) 
Norwegian Multiple Sclerosis Registry And Biobank, 
Department Of Neurology, Haukeland University Hospital, 
Kg Jebsen Centre For Ms-research, Department Of Clinical 
Medicine, University Of Bergen, Bergen, Norway(2)

Multiple sclerosis (MS) is a chronic inflammatory, demy-
elinating disease of central nervous system. The cause of 
MS is largely unknown, but genetic and environmental 
factors, as well as interaction of these contribute to dis-
ease development. Recent genome-wide studies have 
revealed 110 single nucleotide polymorphisms (SNPs) 
associated with susceptibility to MS, but their functional 
contribution to disease development is mostly unknown. 
Measure of relative expression levels from two SNP al-
leles of a gene in the same sample is a powerful approach 
for identification of cis-acting regulatory variants. We se-
lected three genes, CD69, IKZF3 and IQGAP1, with an 
MS associated SNP in their coding region or in complete 
linkage disequilibrium (LD) with a coding SNP and per-
formed allele-specific expression analyses in whole blood 
samples from individuals heterozygous for the studied 
SNPs using TaqMan technology. Consistent allelic imbal-
ance was observed for rs907091 in IKZF3 and rs11609 in 
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IQGAP1, which are in strong LD with the MS associated 
SNPs rs12946510 and rs8042861, respectively. Using MS 
patients and healthy controls heterozygous for rs907091 
and rs11609, we showed that the MS risk alleles at IKZF3 
and IQGAP1 are expressed at higher levels as compared 
to the protective allele. Furthermore, individuals homozy-
gous for the MS risk allele at IQGAP1 had a significantly 
higher total expression of IQGAP1 compared to individu-
als homozygous for the protective allele. Our data indi-
cate a possible gene regulatory role for MS-associated 
IKZF3 and IQGAP1 gene variants. This study highlights 
the usefulness of allele-specific expression measurements 
to identify disease-associated SNPs or SNPs in LD with 
gene variants with cis-acting regulatory properties. We 
suggest that such cis-acting mechanisms may contribute 
to the multiple sclerosis association of single nucleotide 
polymorphisms at IKZF3 and IQGAP1.

87 
Pathological heterogeneity in the multiple 
sclerosis post mortem cohort of the Netherlands 
Brain Bank relates to clinical course and gender. 

Inge Huitinga(1) - Matthew Mason(2) - Nina Fransen(3) - 
Corbert Van Eden(1) - Sabina Luchetti(3)

Netherlands Institute For Neuroscience, Dept. Of 
Neuroimmunology And The Netherlands Brain Bank, 
Amsterdam, Netherlands(1) - Netherlands Institute For 
Neuroscience, Dept. Of Neurodegeneration, Amsterdam, 
Netherlands(2) - Netherlands Institute For Neuroscience, Dept. 
Of Neuroimmunology, Amsterdam, Netherlands(3)

The clinical course of multiple sclerosis (MS) is highly 
variable, likely because pathological features of MS such 
as lesion activity, remyelination and lesion location are 
also highly variable between MS patients. To investigate 
this, we analyzed MS lesions in a large post mortem co-
hort of MS patients in relation to clinical features and 
gender. We included 4500 tissue blocks of 236 MS cases. 
Lesion types were scored according to demyelination, 
microglia morphology and anatomical location. Reac-
tive, active, chronic active, chronic inactive and shadow 
plaques were distinguished in white matter and demyelin-
ation in grey matter lesions. Inflammatory activity of le-
sions was scored based on three types of microglia mor-
phology based on size and ramifications. The proportion 
of lesion types was inferred from indexes (relative pres-
ence). Analysis was performed on total lesion load and 
indexes in relation to clinical characteristics and gender. 
We found a high heterogeneity in lesion load, lesion ac-

tivity, lesion location and remyelination between patients 
but not within a patient. Total white matter lesion load 
correlated positively with disease severity (p=7x10e-7). 
The active lesion index correlated positively with disease 
severity (p=1.9e-06), the reactive site index (p=0.018) 
and the foamy microglia morphology index (p=0.00029). 
More males had cortical grey matter lesions (p = 0.004). 
The presence of cortical grey matter lesions was predicted 
by disease severity (p=0.006) and sex (p=0.016), while 
grey matter lesion incidence was significantly reduced in 
females with a mild clinical course of MS. The chronic 
active lesion index was higher in males than in females 
(p=0.04). We conclude that the large heterogeneity in MS 
neuropathology between MS patients is related to hetero-
geneity in clinical disease course of these patients. More 
severe MS was characterized by a higher total lesion load, 
presence of cortical grey matter lesions and a higher pro-
portion of active lesions. Importantly, sex differences are 
present in the neuropathology of MS; males show more 
grey matter lesions and a higher proportion of chronic 
active lesions. This heterogeneity of MS pathology with 
gender as an important factor, is in line with the known 
clinical and radiological heterogeneity and gender differ-
ences in MS.

89 
Inflammasome activation and modulation in the 
central nervous system during multiple sclerosis 
and experimental autoimmune encephalomyelitis  

Brienne Mckenzie(1) - Manmeet Mamik(2) - Roobina 
Boghozian(2) - William Branton(2) - Jian-qiang Lu(3) 
Christopher Power(2)

University Of Alberta, Department Of Medical Microbiology 
And Immunology, Alberta, Canada(1) - University Of Alberta, 
Department Of Medicine, Edmonton, Canada(2) - University Of 
Alberta, Department Of Laboratory Medicine And Pathology, 
Edmonton, Canada(3)

Background: Inflammasomes are multi-protein signaling 
platforms that mediate the processing and maturation of 
pro-inflammatory cytokines (IL-1beta, IL-18) by cas-
pase-1/-4, in response to pathogen-associated and danger-
associated molecular patterns. The inflammasome com-
plex contains pattern recognition receptors (e.g. NLRP3, 
AIM2, etc.) in complex with a scaffolding protein (ASC), 
and caspase-1/4. Inflammasome activation has been ob-
served in several central nervous system (CNS) cell types, 
including microglia, astrocytes and neurons, in response 
to a variety of CNS conditions, including Alzheimer’s dis-
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ease, traumatic brain injury, and neurological infections. 
The goal of our study is to evaluate the contributions of 
CNS inflammasome activation to the pathogenesis of 
multiple sclerosis (MS). Methods: Using qRT-PCR and 
IHC, individual inflammasome genes were analyzed in 
cerebral white matter autopsy samples from MS and non-
MS patients, and in the CNS from MOG/CFA-induced ex-
perimental autoimmune encephalomyelitis (MOG-EAE) 
mice. To modulate inflammasome activation, MOG-EAE 
mice were treated with the caspase-1/4 inhibitor, VX-765 
or vehicle. Efficacy of VX-765 was validated ex vivo in 
human microglia stimulated with inflammasome-activat-
ing stimuli (e.g. nigericin) Results: Inflammasome-associ-
ated genes (e.g. caspase-1/-4, IL-1beta, NLRP3, NLRP1, 
and pyrin) showed higher transcript levels in white matter 
of MS (n=15) versus non-MS patients (n=12) (p<0.05). 
IL-1beta, NLRP3, pyrin, and caspase-1 p10 immunore-
activity was detected within MS lesions. In MOG-EAE, 
inflammasome-associated genes were induced in the 
CNS sequentially over the course of disease (p<0.05). 
Increased IL-1beta and caspase-1 immunoreactivity was 
evident in spinal cord lesions at peak disease. Inhibition 
of the inflammasome with VX-765 suppressed EAE se-
verity (p<0.05), and was associated with a decrease in the 
expression of inflammasome-associated genes, including 
NLRP3 and pyrin. Conclusion: Multiple inflammasome-
associated genes were up-regulated in the CNS at both 
the transcript and protein level during both MS and EAE, 
and inflammasome modulation by a capsase-1/4 inhibi-
tor was protective in vivo. Understanding the pathogenic 
contributions of CNS inflammasomes may unveil novel 
therapeutic targets in MS.  

90 
Mechanisms of demyelination induced by 
lysolecithin 

Jason Plemel(1) - Nathan Michaels(1) - Michael B. 
Keough(1) - Jim Rogers(1) - Aran Yukseloglu(1) - Jaehyun 
Lim(1) - Wulin Teo(1) - Belinda Heyne(2) - Peter Stys(1)  
V. Wee Yong(1)

University Of Calgary, Department Of Clinical Neurosciences, 
Hotchkiss Brain Institute, Calgary, Canada(1) - University Of 
Calgary, Department Of Chemistry, Calgary, Canada(2)

Damage to axons and myelin is a common feature of 
injury and disease, resulting in loss of clinical function. 
Protecting against axonal and myelin loss is thus an im-
portant avenue of neuroprotection. One compound that 
is normally present in the blood plasma at levels that are 

toxic to oligodendrocytes is the phospholipid lysolecithin 
(LPC, lysophosphatidylcholine).  As such, LPC might 
potentiate secondary injury, particularly when the blood 
brain barrier is breached; LPC is also highly elevated as 
a by-product of inflammation. For decades exogenously-
applied LPC has been widely recognized to produce de-
myelination and some degree of axonal degeneration, but 
its mechanism of inducing injury is unclear. Based on data 
from the literature we hypothesize that LPC-mediated de-
myelination and axonal injury occurs because of either the 
lipid disrupting properties of LPC or due to its capacity 
to induce a damaging pro-inflammatory response. In sup-
port of the lipid disruption hypothesis we find that LPC 
injection induces prominent myelin injury within 4 hours 
after injection, yet the presence of inflammatory cells is 
not pronounced until 72 hours post injection. In agree-
ment, LPC does not induce a pro-inflammatory response 
in culture as treatment of macrophages with a non-toxic 
level of LPC significantly decreases several proinflamma-
tory cytokines. Mechanistically, LPC rapidly integrates 
into cell membranes at a time point that corresponds to its 
permeability in cultured astrocytes and oligodendrocytes; 
this toxicity is not mitigated by inhibitors of proposed 
mediators of LPC such as those in the lysophosphatidyl 
acid pathway. These findings are consistent with LPC in-
ducing a primary myelinopathy due to its lipid disrupting 
properties; inflammation that may further promote injury 
would be secondary to this initial membrane-disrupting 
effect. The toxicity of LPC can be profoundly mitigated 
by administering the carrier protein BSA, suggesting that 
unbound LPC is highly toxic; this might be particularly 
damaging if LPC is elevated in regions of the brain that 
lack significant BSA buffering. We propose that condi-
tions that lead to altered local bioavailability of unbound 
LPC can produce myelin and axonal injury through dis-
ruption of membrane structures. 

91 
Investigating the role of EMMPRIN and its 
regulation of monocarboxylate transporters in a 
model of multiple sclerosis 

Deepak K Kaushik - Jennifer N Hahn - V Wee Yong
Hotchkiss Brain Institute, University Of Calgary, Calgary, 
Canada

Multiple sclerosis (MS) is a complex neurological disease 
manifested by transmigration of myelin-reactive T-cells 
across the CNS parenchyma, resulting in subsequent de-
myelination of axons. Matrix metalloproteinases (MMPs) 
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are implicated in breakdown of blood brain barrier (BBB) 
allowing the movement of leukocytes into the CNS paren-
chyma. Previously, our lab has shown that extracellular 
matrix metalloproteinase inducer (EMMPRIN, CD147), 
a key regulator of MMPs, is up-regulated within lesions 
in brains of MS patients and the experimental autoim-
mune encephalitis (EAE) mouse model. In this regard, we 
have recently found that the treatment of EAE mice with 
minocycline, a tetracycline antibiotic, prevented clinical 
signs of EAE by down regulating EMMPRIN expres-
sion on T-cells. Further, we found that EMMPRIN was 
up regulated on reactive astrocytes that abut perivascu-
lar cuffs in cerebellar white matter, and on leukocytes 
(CD45+ cells) within these cuffs during peak disease. In 
addition to its MMP inducing activities, it is known that 
EMMPRIN interacts with and chaperones the monocar-
boxylate transporters (MCTs), MCT-1 and MCT-4 to the 
plasma membrane. MCTs transport lactate, pyruvate and 
ketone bodies across plasma membranes, and execute 
important homeostatic functions in CNS physiology. 
Interestingly, we observed that CD45+ cells within the 
cuffs expressed high levels of MCT-1 and MCT-4. Fur-
ther, using EMMPRIN specific siRNAs in bone marrow-
derived macrophages (BMDMs) and cultured astrocytes, 
we found that EMMPRIN is indeed crucial for membrane 
localization of MCT-4 in these cells. The high EMMPRIN 
expression on astrocytes and lymphocytes may mediate 
vital homeostatic functions via regulation of MCTs that 
remain to be defined. Therefore we are now looking at 
EMMPRIN’s role in maintenance of lactate metabolism. 
Since genetic knockouts for EMMPRIN are lethal, we 
are generating EMMPRIN-floxed mouse for conditional 
knockout of this gene and study these functions in vivo.

97 
High Dimensional Analysis of the Myeloid 
Landscape in Multiple Sclerosis  

Brian Leung(1) - Raul Catena(2) - Alonso Barrantes(3) 
Bettina Schreiner(1) - Terrence Town(4) - Christine 
Stadelmann-nessler(3) - Bernd Bodenmiller(2) - Burkhard 
Becher(1)

Universität Zürich, Experimental Immunology, Zürich, 
Switzerland(1) - Universität Zürich, Institute For Molecular 
Life Sciences, Zürich, Switzerland(2) - Universitätsmedizin 
Göttingen, Institut Für Neuropathologie, Göttingen, Germany(3) 
University Of Southern California, Biophysics And Physiology, 
Los Angeles, United States(4)

Multiple sclerosis (MS) is a demyelinating inflammatory 

disorder that leads to chronic, progressive neurological 
disability. Presently, evidence points to MS as an 
autoimmune/autoinflammatory disorder of the CNS in 
which deregulated T cells orchestrates the formation 
of inflammatory lesions leading to neurodegeneration; 
however, the mechanism by which T cells mediate the 
destruction of CNS tissue remain largely elusive. There 
is increasing evidence, that pathogenic T cells secrete 
GM-CSF and that GM-CSF directly affects myeloid cell 
activity in these lesions. To study the role of phagocytes 
in MS, we used Imaging Mass Cytometry on human MS 
brain biopsies to identify these TH stimulated myeloid cells 
endorsing this cytotoxic and neurodegenerative phenotype. 
Using this high dimensional approach to analyze the 
human MS brain lesion, we have identified the myeloid 
“immunome” within the MS lesion, providing a spatial, 
functional, and subcellular characterization of pathogenic 
phagocytes in situ.

98 
Antibodies from multiple sclerosis patients 
preferentially recognize hyperglucosylated 
adhesin of nontypeable Haemophilus influenzae 

Chiara Testa(1) - Marthe T C Walvoort(2) - Raya Eilam(3) 
Rina Ahroni(4) - Ruth Arnon(4) - Francesca Nuti(5) - 
Feliciana Real-fernandez(1) - Roberta Lanzillo(6) 

Vincenzo Brescia Morra(6) - Francesco Lolli(7) - Paolo 
Rovero(1) - Barbara Imperiali(2) - Anna Maria Papini(5)

University of Florence and University of Cergy-Pontoise, 
French-Italian Interdepartmental Laboratory of Peptide and 
Protein Chemistry and Biology. Department of Neurosciences 
and Pharmaceutical Sciences, Sesto Fiorentino, Firenze, 
Italy(1) - Massachusetts Institute of Technology, Departments 
of Biology and Chemistry, Cambridge, MA, United States(2) - 
The Weizmann Institute of Science, Department of Veterinary 
Resources, Rehovot, Israel(3) - The Weizmann Institute of 
Science, Department of Immunology, Rehovot, Israel(4) - 
University of Florence and University of Cergy-Pontoise, 
French-Italian Interdepartmental Laboratory of Peptide and 
Protein Chemistry and Biology. Department of Chemistry 
“Ugo Schiff”, Sesto Fiorentino, Firenze, Italy(5) - Federico 
II University, Multiple Sclerosis Clinical Care and Research 
Centre, Department of Neurosciences, Reproductive Sciences 
and Odontostomatology, Napoli, Italy(6) - University of Florence, 
French-Italian Interdepartmental Laboratory of Peptide and 
Protein Chemistry and Biology, Department of Biomedical, 
Experimental and Clinical Sciences, Firenze, Italy(7)

This study starts from previous results demonstrating that 
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antibodies (Abs) specific to a glucoasparagine (N-Glc) 
glycopeptide, CSF114(Glc), were detected, isolated, and 
characterized as potential biomarkers of an MS subpopu-
lation. In a longitudinal study of untreated relapsing re-
mitting patients (RR-MS) for up to 6 months, we dem-
onstrated that anti-CSF114(Glc) Abs paralleled intensity 
of clinical activity and number of brain lesions positive 
to Magnetic Resonance Imaging [1,2]. This was the first 
report that an aberrant N-Glc was implicated in trigger-
ing Abs in MS. At that time however, this specific post-
translational modification was not known in eukaryotes 
and observed only rarely in selected archaea. However, 
recently it was highlighted an expansive repertoire of 
prokaryote-specific glycoprotein conjugates that by virtue 
of their cell-surface localization may represent important 
candidates triggering autoimmune responses. Therefore, 
we turned our attention to bacterial glycoconjugates of 
human pathogens. N-Glc is a prokaryote-specific modi-
fication in selected Gram-negative bacteria, where it is 
most commonly found on cell-surface proteins, i.e., ad-
hesins biosynthesized as part of the three-protein HMW 
cluster including the N-glucosyltransferase HMW1C. 
These adhesins are abundantly displayed on bacterial 
cell surface, and because they are often extensively gly-
cosylated the glycan structures are likely to be presented 
in a multivalent manner, potentially favoring robust im-
munologic responses. Herein we apply immunological 
and biophysical approaches to reveal that a hypergluco-
sylated adhesin HMW1 derived from the opportunistic 
pathogen Haemophilus influenzae [3] shares a common 
glucosylation-dependent epitope with CSF114(Glc). Im-
munohistochemistry experiments on mouse spinal cord 
preparations showed that when anti-hyperglucosylated 
adhesin Abs from MS patients were incubated with spinal 
cord sections of naïve healthy mice and grade 4 of the 
MS mouse model Experimental Autoimmune Encepha-
lomyelitis, selective staining was observed compared to 
controls. We conclude that the H. influenzae hypergluco-
sylated adhesin HMW1-Glc7/8/9 is the first example of an 
N-Glc antigen that can be considered a relevant candidate 
for triggering pathogenic Abs in MS. With these results 
the foundation is laid to determine the exact molecular 
mimicry mechanism, and to elucidate the human protein 
target(s), which are cryptic mimics recognized by anti-
hyperglycosylated adhesin Abs in an MS subpopulation.
References
[1] A.M. Papini et al. Proc Natl Acad Sci U S A 102, 10273-8 
(2005). 
[2] A.M. Papini et al. J. Neuroimmunol 167, 131-7 (2005). 
[3] Gross, J. et al. J. Biol. Chem. 283, 26010-5 (2008).

103 
Functional effects of antibodies specific for 
myelin proteolipid protein in multiple sclerosis 
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The University Of Queensland, Uq Centre For Clinical 
Research, Brisbane, Australia(1) - Université De Strasbourg, 
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Multiple sclerosis (MS) is a chronic inflammatory 
demyelinating disease of the central nervous system (CNS). 
Autoimmune T cells are critical for the pathogenesis of 
MS, but it is also likely that autoantibodies play a role, 
although this remains to be proven. We have found that 
a high proportion of MS patients have elevated levels 
(compared to healthy controls and patients with other 
neurological diseases (OND)) of autoantibodies specific 
for the second extracellular loop of myelin proteolipid 
protein (PLP), the most abundant CNS myelin protein. 
The aim of the current study was to investigate these 
antibodies further, in order to determine if they could play 
a functional role in MS. The majority of PLP-specific 
antibodies from MS patients showed evidence of isotype-
switching to IgG and thus of an ongoing active response; 
the most common IgG isotype was IgG1, although high 
titre anti-PLP antibodies of IgG2, IgG3 or IgG4 isotypes 
were also found in some patients. In contrast, anti-PLP 
antibodies detected in healthy controls and OND patients 
were almost all IgM. Serum from MS patients opsonized 
human myelin for uptake by macrophages, whereas 
antibodies from healthy individuals or from patients with 
other diseases affecting the CNS did not; and for 65% of 
MS sera, pre-adsorption of sera with PLP peptides could 
remove the opsonizing activity. Anti-PLP antibodies 
could also label and kill oligodendrocytes in culture. In an 
animal model of MS, anti-PLP antibody was able to shift 
the location of lesions within the CNS in a complement-
dependent manner. These findings show that antibodies 
directed against extracellular epitopes of PLP have the 
potential to induce pathogenic effects in patients with 
MS, and suggest that specifically removing anti-PLP 
antibodies might be clinically indicated.

108 
Anti-SPAG16 antibodies are associated with 
an elevated progression index in progressive 
multiple sclerosis 
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Sperm-associated antigen 16 (SPAG16) has recently 
been identified as a novel autoantibody target in multiple 
sclerosis (MS). It is a sperm protein which is upregulat-
ed in reactive astrocytes in MS lesions. The aim of this 
study was to investigate whether anti-SPAG16 antibody 
levels differ between MS subtypes, including relapsing-
remitting (RR), primary progressive (PP) and secondary 
progressive (SP) MS, and are associated with differential 
clinical parameters.
Plasma anti-SPAG16 antibody levels were determined 
by recombinant protein ELISA in 374 MS patients (274 
RRMS, 39 SPMS and 61 PPMS) and 106 age- and gender 
matched healthy controls. The association of anti-SPAG16 
antibody positivity with clinical characteristics such as 
age, gender, expanded disability status scale (EDSS) and 
disease duration was investigated.
Significantly elevated anti-SPAG16 antibodies were 
found in the plasma of 22% MS patients with 93% speci-
ficity. Anti-SPAG16 seropositivity was associated with an 
increased EDSS in overall MS. PPMS patients showed 
significantly higher anti-SPAG16 antibody levels and a 
higher proportion of patients with anti-SPAG16 antibody 
reactivity (34%) compared to RRMS (19%) and SPMS 
(26%). Seropositive PPMS patients demonstrated a sig-
nificantly increased progression index compared to sero-
negative patients, as determined by a shorter disease dura-
tion and similar EDSS.
Anti-SPAG16 antibodies are associated with an increased 
EDSS in overall MS, indicating that they are linked to a 
worse MS disease outcome. Moreover, the increased pro-
gression index in seropositive PPMS patients indicates 
that the presence of plasma anti-SPAG16 antibodies may 
be a biomarker for a more severe disease in PPMS.

110 
Potential regulation of multiple sclerosis by gut 
homing CCR9+ TH cells

Atsushi Kadowaki - Ryoko Saga - Youwei Lin - Wakiro 
Sato - Takashi Yamamura
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Neurology And Psychiatry, Department Of Immunology, Tokyo, 
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[Objective] Multiple sclerosis (MS) is a T-cell mediated 
autoimmune disease that targets the myelin of the central 
nervous system (CNS). The gut environment has been 
found to significantly influence CNS autoimmunity. How-
ever, the immune cell mechanisms are unclear. We previ-
ously found that the gut environment can favor the gen-
eration of myelin reactive CD4+ T (TH) cells that inhibit 
CNS autoimmunity via LAG-3 in mouse (Kadowaki A. et 
al., Nat. Comm. 2016). To further investigate the involve-
ment of TH cells of the gut immune system in human MS, 
in the present study we focused on the gut homing chemo-
kine receptor (CCR9) expressing TH cells.  
[Methods] The peripheral blood mononuclear cells 
(PBMC) and cerebrospinal fluid (CSF) were obtained 
from control subjects (n = 22), relapsing remitting 
MS (RR-MS, n = 16), and secondary progressive MS 
(SPMS, n = 17). The frequencies, chemokine recep-
tors, transcriptional factors, and LAG-3 expression in 
CCR9+CD4+CD45RA- cells (CCR9+ memory TH cells) 
were analyzed by flow cytometer. Also, CCR9+ memory 
TH cells were sorted and were analyzed for their gene ex-
pression or stimulated in vitro with anti-CD3 / anti-CD28 
antibodies to measure the cytokine production. The cul-
ture supernatant and serum cytokines were measured us-
ing Bioplex assay (27-plex) .
[Results] CCR9+ memory TH cells had a tendency of 
reduction in RR-MS and were significantly reduced in 
SPMS compared with controls. Compared to CCR9- , 
CCR9+ memory TH cells had high expression of Maf and 
the production of IL-10, while the expression of Tbx21 
and Rorc were low and Foxp3 was comparable. They 
highly expressed CCR6, indicating their preferential mi-
gration into the CNS. Furthermore, we found that CCR9+ 
memory TH cells up-regulate LAG-3 in the CSF of RR-
MS during relapse. CCR9+ T cells exhibited a dysregu-
lated pattern of inflammatory cytokine production. Also, 
many of the inflammatory cytokines such as IFN-γwere 
significantly increased in the serum of SPMS patients 
when compared with control subjects. 
[Conclusions] Gut immune system–induced CCR9+ 
memory TH cells exhibit Tr1-like regulatory phenotypes 
and are potentially important for inhibiting the develop-
ment and disease progression of MS.
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112 
Neuronal response to Multiple Sclerosis 

Sabina Berl(1) - Federico Marini(2) - Harald Binder(2)  
Ari Waisman(1)
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A well known inflammatory, autoimmune disease of the 
central nervous system (CNS) is multiple sclerosis (MS), 
where cells of the immune system invade the CNS, caus-
ing demyelination and neurodegeneration and leading 
to paralysis. The most common animal model of MS is 
experimental autoimmune encephalomyelitis (EAE). Not 
much is known about the response of neurons to the in-
flammatory triggers, although damage to them is the main 
initiator for paralysis in MS patients and EAE, due to the 
difficulty to separate and analyze them for gene expres-
sion on single cell level. The aim of this project is to iso-
late and analyze neuronal mRNA expression level from 
adult mice. Isolated neuronal mRNA of naïve mice and 
mice with EAE will be sequenced by Next Generation Se-
quencing (NGS) to better understand how neurons respond 
to damage induced by inflammation. RiboTag mice have 
a modified ribosomal protein L22 including an HA-tag. 
After crossing the RiboTag mice to the neuron-specific 
NFH-Cre mice, HA-tagged ribosomes will be specifically 
expressed in neurons giving the possibility to immuno-
precipitate only neuronal RNA. Immunoprecipitated neu-
ronal mRNA of the RiboTag mice is further analyzed by 
deep sequencing using NGS technology. The sequencing 
data reveals innovative results showing the specific re-
sponse of neurons at peak of disease and during recovery 
phase of EAE compared to naïve mice. Pathway analysis 
exhibits numerous pathways differentially expressed in 
neurons during the timeline of EAE displaying clearly the 
active reaction of neurons towards the invading immune 
cells. Comparing the differential gene expression between 
peak of disease and recovery phase could shade light in 
the mechanism of recovery and regeneration of neurons 
to regain signaling function. The final goal of this study 
is to analyze gene expression pattern of neurons that are 
attacked by pro-inflammatory cells and mediators during 
EAE. Understanding how neurons respond during auto-
immune disease should allow to design better therapies 
that will protect these cells under such pathogenic con-
ditions. This work has implications not only for patients 
of MS, but also for other neurological diseases, including 
Alzheimer’s disease and stroke.

116 
LINGO-1, p75, TROY (NgR complex) 
spatiotemporal expression pattern in the spinal 
cord of EAE mice 
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Background: Neurite inhibitor Nogo-A along with its re-
ceptor NgR complex, are considered to be responsible for 
the inhibition of axonal regeneration in central nervous 
system (CNS). However, scarce information so far have 
been collected and surfaced about the tripartite NgR-
LINGO-1-p75 or TROY receptor complex multilateral 
localization within inflammation in MS mouse model of 
autoimmune demyelination.
Materials & Methods: Chronic MOG-experimental au-
toimmune encephalomyelitis (MOG-EAE) was induced 
in C57BL/6 mice. The temporal and spatial LINGO-1, 
p75 and TROY mRNA and protein levels were evaluated 
within the inflammatory foci of spinal cord. The study 
was performed on acute (days 18-22) and chronic (day 
50) time points and compared to controls respectively. 
Molecular analyses were performed with real-time PCR 
while neuropathological evaluation was performed using 
epifluorescent and confocal microscopy. Data were col-
lected and expressed as mean % ± S.E, cells/mm2, or as 
arbitrary units of integrated density, wherever applicable.
Results: Animals developed a moderate to severe EAE 
(MMS=3.76 ± 0.28), without mortality, followed by a 
progressive, chronic clinical course. NgR complex spa-
tiotemporal expression varied during the main time points 
of EAE. NgR and LINGO-1 were detected on gray mat-
ter neurons and white matter lesions while TROY and 
p75 were only found within the white matter lesions. 
LINGO-1 and TROY were increased in perivascular in-
flammatory foci of acute phase (p<0.001 compared to 
controls) whereas LINGO-1 and p75 signal seemed to be 
dominant in chronic phase; p<0.001 compared to controls 
and acute phase respectively.
Conclusions: In the present study we present the expres-
sion dynamics of the Nogo receptor complex and report a 
phase-based shifting, within disease course, which mol-
ecules LINGO-1, p75, TROY seem to adopt accordingly. 
These data enhance previous observations supporting an 
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alternative neuroprotective role for the Nogo-NgR com-
plex besides its established inhibitory one, during inflam-
matory demyelination.

119 
The equilibrium of M1/M2 macrophages is 
altered in multiple sclerosis and its experimental 
animal model 
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Bullitta(1) - Diego Centonze(3) - Mauro Maccarrone(4) 
Luca Battistini(1)

Irccs Santa Lucia Foundation, European Center For Brain 
Research (cerc), Rome, Italy(1) - Multiple Sclerosis Clinical And 
Research Center, Tor Vergata University And Hospital, Rome, 
Italy(2) - Irccs Istituto Neurologico Mediterraneo, Neuromed 
Pozzilli, Rome, Italy(3) - School Of Medicine And Center Of 
Integrated Research, Campus Bio-medico University Of Rome, 
Rome, Italy(4)

Multiple sclerosis (MS) is an immune-mediated demye-
linating disease of the central nervous system (CNS). Sev-
eral studies demonstrated that MS lesions contain mul-
tiple leukocytes including adaptive and innate immune 
cells, all of which are believed to contribute to lesion 
formation and progression. Among these, macrophages 
have been identified as major effectors of inflammation 
and demyelination in both MS and its animal model, ex-
perimental autoimmune encephalomyelitis (EAE). How-
ever, the activation and heterogeneity of macrophages in 
MS has not been studied in detail yet. Thus, we evaluated 
M1 and M2 macrophages’ immunophenotype either from 
EAE mice compared to control mice and from treatment-
free relapsing remitting (RR-MS) patients compared to 
healthy subjects through multiparametric polychromatic 
flow cytometry and ELISA. Our investigation showed 
for the first time that in both EAE and authentic MS M1 
macrophages possessed a higher proinflammatory profile, 
since they expressed higher levels of activation/co-stim-
ulatory markers (iNOS, CD80 and CD86) and cytokines/
chemokines (IL-6, IL-12, CXCL9, CXCL10); whereas 
M2 not only lost their M2-like phenotype by showing de-
creased expression of their signature markers CD206 and 
CD200R but also switched to M1 phenotype acquiring 
several M1-like markers. Furthermore, our data allowed 
us to identify novel M1 and M2 markers in both mice 
and human macrophages, also pinpointing differences 
between the two species. These findings could be crucial 
not only to better understand the immunopathology of this 

neurodegenerative disease but also to potentially develop 
new macrophage-centered therapeutic strategies based on 
the possibility to modulate M1/M2

124 
Post-translational modifications of MBP in the 
spinal cord in a mouse EAE model of MS 

Ting Zhou(1) - Tina Khorshid Ahmad(2) - Kiana Gozda(2)  
Jessica Truong(2) - Ryan Lillico(2) - Nicholas Stesco(2) 
Ted Lakowski(2) - Jiming Kong(3) - Mike Namaka(1)

Faculty Of Health Sciences, College Of Pharmacy & 
Department Of Human Anatomy And Cell Science, College 
Of Medicine, University Of Manitoba, Winnipeg, Canada(1) - 
Faculty Of Health Sciences, College Of Pharmacy, University 
Of Manitoba.ca, Winnipeg, Canada(2) - Department Of Human 
Anatomy And Cell Science, College Of Medicine, University Of 
Manitoba.ca, Winnipeg, Canada(3)

Rational: Multiple sclerosis (MS) is a chronic inflamma-
tory de-myelinating disease, characterized by the targeted 
immune-mediated destruction of central nervous system 
(CNS) myelin. At present, the exact molecular mecha-
nisms underlying the MS-induced myelin damage is 
unknown. However, immune system-induced post-trans-
lational modifications of myelin proteins involving their 
methylation and acetylation have been implicated in the 
molecular pathogenesis of myelin damage. Myelin basic 
protein (MBP) and proteolipid protein (PLP) are two key 
proteins which have essential roles in the normal function 
of myelin. The structural integrity and functionality of my-
elin sheath are dependent upon proper expression as well 
as post-translational modifications of these key proteins. 
Therefore, our specific research using an experimental au-
toimmune encephalomyelitis (EAE) animal model of MS 
is primarily focused on post-translational modifications 
of these two proteins. Hypothesis: We hypothesize that 
immune system induced post-translational modifications 
to MBP and PLP correspond to the degree of neurologi-
cal disability and associated myelin damage. Aims and 
Methods: We use a myelin oligodendrocyte glycoprotein 
(MOG) induced mouse model of EAE to identify immune 
system-induced post-translational modifications to my-
elin proteins (MBP and PLP) in spinal cord (SC) tissue. 
Adolescent C57Bl/6 mice will be randomly assigned into 
three groups: naïve control (NC), active control (AC) and 
MOG-induced EAE. SC tissue will be collected at various 
time points during acute and chronic disease phases. Daily 
neurological disability scoring (NDS) will be conducted. 
Liquid chromatography tandem mass spectrometry (LC-
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MS/MS) will be used to quantify the specific types of 
post-translational modifications in MBP and PLP. We 
correlate these post-translational modifications to NDS 
as a measure of the degree of MS-induced myelin dam-
age. Preliminary Results and Conclusions: Our results 
confirm that EAE-induction of the immune system was 
responsible for post-translational modifications to MBP. 
Specifically, we identified significant increases in relative 
amounts of acetyl-lysine, mono-di and tri methyl-lysine in 
SC of EAE mice compared to NC group during the peak 
inflammatory phase of the disease. These findings corre-
late with peak NDS and associated myelin damage. 

126 
Regulatory and effector T cells display a different 
profile of histamine production and histamine 
receptors expression 

Massimo Costanza - Silvia Musio - Rosetta Pedotti
Neurological Institute Foundation Irccs C. Besta, Department 
Of Clinical Neuroscience, Milan, Italy

Widely accepted as a chief effector molecule in aller-
gic reactions, histamine has been recently suggested to 
directly modulate T cell functions. Histamine has been 
shown to sustain Th1 responses by activating histamine 
receptor 1 (H1R) and to dampen both Th1 and Th2 re-
sponses through H2R. Studies on H4R-deficient mice 
have outlined that this receptor contributes to control the 
frequency and suppressive function of regulatory T (Treg) 
cells. To further characterize the histaminergic machinery 
in Treg and effector T (Teff) cells, we quantified histamine 
production by Treg and Teff cells upon in vitro activa-
tion with anti-CD3/CD28 antibodies. We obtained that 
while Teff cells release significant amount of histamine, 
almost undetectable levels of histamine are present in su-
pernatants of Treg cells, following stimulation. We then 
quantified the gene expression of histidine-decarboxylase 
(Hdc) – the enzyme catalyzing histamine synthesis – and 
histamine receptors 48 h after seeding of the cells. Inter-
estingly, we found higher amounts of all histamine-related 
genes in Treg cells in comparison to Teff cells, follow-
ing activation. On the contrary, unstimulated Teff cells 
display increased expression of all histamine-associated 
genes in comparison to unstimulated Treg cells, with the 
exception of H1R. These data suggest that the histamin-
ergic network is differentially regulated in Treg and Teff 
cells and that the global expression of histamine-related 
genes seems specular between Treg and Teff cells in acti-
vated vs. not activated status. Moreover Treg cells might 

be able to sense histamine more finely than Teff cells in 
activated conditions. Further studies are necessary to un-
derstand the functional significance of data obtained in 
this work.

127 
Granulocytic myeloid derived suppressor 
cells modulate central nervous system 
inflammation during experimental autoimmune 
encephalomyelitis and attenuate optic nerve 
atrophy 

Benjamin Knier(1) - Michael Hiltensperger(2) - Christopher 
Sie(2) - Lilian Aly(1) - Uwe Koedel(3) - Bernhard Hemmer(4) 
Thomas Korn(1)

Department Of Neurology / Department Of Experimental 
Neuroimmunology, Klinikum Rechts Der Isar, Technical 
University Munich, Munich, Germany(1) - Department Of 
Experimental Neuroimmunology, Klinikum Rechts Der Isar, 
Technical University Munich, Munich, Germany(2) - Department 
Of Neurology, Klinikum Grosshadern, Ludwig-maximillians-
universität München, Munich, Germany(3) - Department Of 
Neurology, Klinikum Rechts Der Isar, Technical University 
Munich, Munich, Germany(4)

CD11b+Ly6G+Ly6Clow granulocytic myeloid derived 
suppressor cells have been described in the context of tu-
mor models and have been shown to suppress adaptive 
immune responses. However, their role in central nervous 
system (CNS) inflammation is unclear. We analyzed the 
occurrence and phenotype of neutrophils during experi-
mental autoimmune encephalomyelitis (EAE) in Ly6g.
tdTomato reporter mice. CD11b+Ly6G+ neutrophils were 
the most abundant cell type in the cerebrospinal fluid (CSF) 
at EAE onset and represented about 10 % of all infiltrating 
CD45+ cells in the brain and the optic nerve at the peak of 
disease. Neutrophils purified from the inflamed brain and 
spinal cord revealed increased expression of Nos2, Arg1, 
and Il1rn as compared with splenic neutrophils. During 
recovery, Nos2highCD11b+Ly6G+Ly6Clow were not 
only detected in the CNS parenchyma and the CSF but 
also appeared in the peripheral immune compartment. Ap-
plication of a neutrophil depleting antibody reduced the 
abundance of CD11b+Ly6G+Ly6Clow cells significantly 
in all compartments, especially within the optic nerves. 
Mice depleted of neutrophils showed increased IL-17 sig-
naling and reduced arginase1 activity within optic nerve 
tissue. Neutrophil depletion caused enhanced mortality in 
EAE animals and a distinct atrophy of the retinal nerve 
fiber layer as measured by optical coherence tomography. 
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Taken together, our data suggest that granulocytic my-
eloid derived suppressor cells may restrain inflammation 
in distinct parts of the CNS and prevent long-term sequel-
ae of immunopathology.

129 
Increased Granulocyte-Macrophage Colony-
Stimulating Factor Expression by Immune Cells 
in Multiple Sclerosis 

Cris Constantinescu - Jehan Aram - Bruno Gran
University Of Nottingham, Neuroscience, Nottingham, United 
Kingdom

Background:. Recent evidence implicates GM-CSF pro-
duction by T cells as key factor in the pathogenesis of MS.  
Here, we evaluate the expression of GM-CSF by different 
peripheral blood mononuclear cells (PBMC) subtypes in 
MS patients and controls.
Materials and Methods: PBMCs were isolated and stimu-
lated with anti-CD3/anti-CD28 followed by Phorbol My-
ristate Acetate/Ionomycin (PMA/I).  GMCSF and other 
cytokine expression was assessed by intracellular staining 
and flow cytometry. NK cells were isolated and cultured 
with different cytokines and cytokine combinations for 3 
days. Cells were phenotyped using flow cytometry.  Cy-
tokines in cell supernatants were measured by multiplex 
cytometric bead array, and were blocked with specific an-
tibodies.
Results:  There was a higher GM-CSF expression in stim-
ulated PBMC of MS patients compared to controls. This 
was observed in helper, cytotoxic and NK T cell popula-
tions, and in NK cells. In both the cytotoxic and helper T 
cells, there was increased co-expression of IFN-gamma 
and GM-CSF and a non-significant trend was observed 
for co-expression of IL-17. Isolated NK cells stimulated 
with IL-15+IL-18, and IL-15+IL-1beta were noticed to 
have more GM-CSF expression than the unstimulated and 
mono-stimulated CD56+ NK cells; however, no differ-
ences in GM-CSF expression between MS patients and 
controls were found.  Supernatants of stimulated PBMC 
showed higher levels of IL-2, IL-12, IL-1beta, and GM-
CSF.  In experiments blocking these cytokines with anti-
bodies, only blocking IL-2 resulted in a significant reduc-
tion in GMCSF-producing PBMC.
Conclusion: NK, NKT, and helper cytotoxic T cells are all 
high GM-CSF producers in MS. Consistent with previous 
results, IL-2 is an important inducer of GMCSF in MS, is 
up-regulated in stimulated PBMC in MS, and its blockade 
results in a reduction of GM-CSF production.

Acknowledgments: Study supported in part by the For-
man-Harvey Charitable Trust via the University of Not-
tingham

132 
Understanding the role of pathogenic CD8  
positive T cells in a novel mouse model of 
multiple sclerosis 

Prenitha Mercy Ignatius Arokia Doss(1) - Ana C 
Anderson(2) - Manu Rangachari(1)

Centre Hospitalier De L’université Laval (chul), Laval 
University, Quebec City, Canada(1) - Brigham And Women’s 
Hospital, Harvard Medical School, Boston, United States(2)

Multiple Sclerosis (MS) is a chronic autoimmune disease 
of the central nervous system (CNS) in which T cells 
cross the blood-brain barrier, recognize myelin self anti-
gen and mediate an attack against oligodendrocytes and 
neurons. Approximately 50 percentage of MS patients 
experience progressive symptoms. Recent findings sug-
gest that CD8 positive cytolytic T (Tc) cells are present 
at multiple lesion stages in MS and that their presence 
correlates with worsened disease. The frequency of CD8 
positive T cells greatly exceeds that of CD4 positive T 
cells in acute MS lesions. Experimental autoimmune en-
cephalomyelitis (EAE), a murine model of MS induced 
with encephalitogenic peptide myelin oligodendrocyte 
glycoprotein peptide 35-55 (MOG[35-55]) in the non-
obese diabetic (NOD) strain follows a relapsing-remitting 
(RR) to secondary progressive (SP) disease course. This 
disease course, which mimics that seen in close to half 
of patients, suggests that autoreactive responses to myelin 
may underpin progressive MS. We found that activated ef-
fector CD8 positive T cells infiltrate the CNS of MOG[35-
55]- immunized NOD mice suggesting that CD8 positive 
T cells play a pathogenic role in this model. Our group ex-
ploits a T cell receptor transgenic 1C6 mice on the NOD 
background that possesses CD4 positive and CD8 posi-
tive T cells with specificity to MOG[35-55] allowing us 
to separately investigate the role of these two cell types 
in EAE. Here, we describe that 1C6 CD4 positive or CD8 
positive T cells were differentiated in vitro and adoptively 
transferred into lymphocyte deficient NODscid mice. We 
found that 1C6 Tc1 cells generated from the full periph-
eral CD8 positive T cell pool (“bulk” progenitors) induce 
progressive EAE, however 1C6 Tc1 cells differentiated 
from sorted CD8 positive CD62Lhi peripheral cells (“na-
ïve” progenitors) induced a RR phase prior to progressive 
EAE. Further, Tc17 cells infiltrated the CNS and produced 
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both interleukin-17 and interferon-gamma. Thus, this 
model will help us to better understand the contribution of 
CD8 positive T cells to CNS autoimmunity.

138 
A unique TGFbeta-1-driven genomic program 
links astrocytosis, low-grade inflammation and 
chronic demyelination in the spinal cord of 
multiple sclerosis patients 

Serge Nataf(1) - Catherine Grego(2) - Laurent Pays(3)

University Lyon-1, Hospices Civils De Lyon (hcl), Inserm 1060, 
Bank Of Tissues And Cells, Lyon, France(1) - University Lyon-1, 
Ufr Lyon Est, Lyon, France(2) - University Lyon-1, Inserm 1060, 
Carmen Laboratory, Lyon, France(3)

We recently showed that periplaques i.e. areas that sur-
round the borders of fully-demyelinated lesions, form a 
unique type of tissue alteration in the spinal cord of multi-
ple sclerosis (MS) patients (Lieury A et al. Tissue remodel-
ing in periplaque regions of multiple sclerosis spinal cord 
lesions. Glia 2014; Oct;62(10):1645-58). Periplaques are 
notably characterized by a partial loss of myelin, a low-
grade inflammatory process and the accumulation of re-
active astrocytes.  Periplaques extend distant away from 
plaque borders and appear to evolve, at least in part, inde-
pendently from plaque activity. However, whole genome 
transcriptomic analysis comparing periplaques to areas 
of adjacent normal-appearing white matter (NAWM) did 
not allow drawing a comprehensive molecular picture of 
periplaque formation. A potential caveat of the differen-
tial expression approach relies on the varied levels of mo-
lecular alterations that may occur in areas of NAWM. To 
circumvent this methodological limitation, we performed 
a re-assessment our transcriptomic data with the aim of 
identifying gene co-expression networks that would link 
astrocytosis, inflammation and partial demyelination in 
MS spinal cords. Our main findings are the followings: 
i) the AQP4/Cx43 astrocyte co-expression module is 
characterized by a TGFbeta-1/SMAD1/SMAD2 genom-
ic signature, ii) the oligodendrocyte gene NDRG1 (mu-
tated in Charcot-Marie-Tooth disease type 4D) is a hub 
node in the co-expression network formed by genes that 
are down-regulated in spinal cord periplaques, iii) out of 
183 candidate genes coding for cytokines, growth fac-
tors or chemokines, only 4 presented mRNA levels that 
inversely correlated with those of NDRG1 in MS spinal 
cords, namely IL-17D, IL-33, CTF1 (Cardiotrophin 1) 
and TGFbeta-1. Among these 4 genes, only TGFbeta-1 
was previously demonstrated to trigger oligodendrocyte 

cell death. Finally, our bioinformatics analysis pointed 
to a potentially major role of the androgen receptor as a 
negative regulator of both TGFbeta1-driven astrocytosis 
and TGFbeta1-driven demyelination

140 
Defining the role of NG2 in CNS inflammation

Maja Kitic(1) - Khalad Karram(1) - Nicole Israel(1) - Jan 
Bauer(2) - Florian C. Kurschus(1) - Ari Waisman(1)

Institute For Molecular Medicine, University Medical Center Of 
The Johannes Gutenberg University Mainz, Mainz, Germany(1) - 
Department Of Neuroimmunology, Center For Brain Research, 
Medical University Of Vienna, Vienna, Austria(2)

Neural glia antigen 2 (NG2) is a large transmembrane 
molecule, highly abundant on the surface of oligodendro-
cyte precursor cells (OPCs) and pericytes in the central 
nervous system (CNS). After CNS injury, extracellular 
domain of this proteoglycan can be cleaved and take part 
in formation of a glial scar, one of the main obstacles for 
efficient neuronal repair. However, exact biological role 
of NG2 in CNS injury is still a puzzle. Moreover, there 
have been conflicting data regarding the relevance of this 
molecule in tissue injury and demyelination. In order to 
analyse the relevance of NG2 in experimental autoim-
mune encephalomyelitis (EAE), we induced the disease 
in NG2-deficient mice using standard MOG35-55/ CFA 
immunization protocol. The resulting clinical score in 
NG2-/- mice was reduced in comparison to wild type lit-
termates. To elucidate the reason of this phenotype, we 
first investigated cellular sources of NG2 during inflam-
matory response using NG2-EYFP reporter mouse. Apart 
from detecting well-described NG2-producing cell popu-
lations, OPCs in the brain and pericytes in the brain and 
peripheral lymphoid organs, we were not able to identify 
any other source of this proteoglycan. Next, we demon-
strated that there were no differences in Th17 cell polariza-
tion potential between NG2-deficient and control mice. To 
test the functionality of Th17 cells in vivo, we performed 
passive EAE experiments by transferring MOG-activated 
Th17 cells from NG2-/- or control donors into NG2-/- or 
control hosts. Since wild type animals that received NG2-
/- cells developed EAE disease pattern nearly identical to 
littermates that received control cells, we concluded that 
pathogenic properties of Th17 cells were not altered in 
NG2-deficient mice. In addition, NG2-/- hosts exhibited 
disease severity similar to that observed in control mice 
that received cells from the same source. Since, in pas-
sive EAE, T cell-priming phase in peripheral lymphoid 
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organs is avoided and high number of activated Th17 cells 
is transferred into recipient mice, subtle differences in cell 
migration across blood-tissue barriers between NG2-defi-
cient and control hosts might be alleviated. Therefore, fu-
ture studies should focus on the events occurring at these 
sites, especially on NG2+ perivascular cells and their po-
tential interaction with migrating immune cells.  

153 
ROS-initiated calcium-influx drives axonal 
degeneration in an animal model of multiple 
sclerosis 

Maarten E. Witte(1) - Adrian-Minh Schumacher(1)  
Christoph Mahler(1) - Jan Bewersdorf(1) - Philip R. 
Williams(2) - Oliver Griesbeck(3) - Thomas Misgeld(2,4,5,)* 
Martin Kerschensteiner(1,4)*
Institute of Clinical Neuroimmunology, Ludwig-Maximilians 
University, Munich, Germany(1) - Institute of Neuronal Cell 
Biology, Technische Universität München, Munich, Germany(2) 
Max Planck Institute of Neurobiology, Martinsried, Germany(3) 
Munich Cluster for Systems Neurology (SyNergy), Munich, 
Germany(4) - German Center for Neurodegenerative Diseases 
(DZNE), Munich, Germany(5) 

* These authors contributed equally to this work.

In multiple sclerosis (MS) infiltration of immune cells into 
the central nervous system (CNS) leads to axonal degen-
eration, which is responsible for irreversible neurological 
disability. Previously, we identified a degeneration mecha-
nism that mediates axon loss in MS and its animal model, 
experimental autoimmune encephalomyelitis (EAE).  We 
termed this process, which begins with focal axonal swell-
ing followed by axonal transection and fragmentation, fo-
cal axonal degeneration (FAD). Here we set out to iden-
tify the molecular mechanism that drive FAD. First, we 
investigated intra-axonal calcium levels in EAE mice in 
vivo, by using two-photon microscopy in the spinal cord 
of transgenic mice expressing a FRET-based ratiometric 
calcium sensor in neurons. This revealed that in EAE le-
sions a significant proportion of axons have elevated lev-
els of intracellular calcium. Importantly, high-calcium 
levels were also found in axons with normal morphology, 
suggesting that a rise in intra-axonal calcium precedes and 
perhaps initiates FAD. Indeed, time-lapse experiments in-
dicate that intra-axonal calcium levels predict both swell-
ing and fragmentation of axons in a neuroinflammatory 
environment. Furthermore, removal of extracellular calci-
um with EGTA lowered intra-axonal calcium and rescued 

axons from fragmentation. Next, we set out to identify 
potential causes for the influx of calcium by exposing the 
spinal cord of healthy mice directly to stressors associated 
with neuroinflammation. Of these stressors only H2O2 
and nitric oxide were able to directly induce an increase in 
axonal calcium levels and FAD, while glutamate excitox-
icity and acidosis did not markedly alter axonal calcium 
levels in vivo. This points to a crucial role for reactive 
oxygen/nitrogen species (ROS/RNS) in increasing intra-
axonal calcium levels and driving axonal degeneration in 
MS and EAE. It has been previously hypothesized that 
ROS/RNS induce a rise in axonal calcium by reducing 
ATP production which in turn leads to reversal of the Na/
Ca2+ - exchanger. Local application of Bepridil, which 
blocks the Na/Ca2+ - exchanger, did not affect calcium 
levels or FAD in the spinal cord of EAE mice, suggesting 
that reversal of the Na/Ca2+ - exchanger is not respon-
sible for the influx of calcium. We are currently exploring 
other pathways involved in the ROS/RNS-induced rise in 
intra-axonal calcium. 

157 
Mimetic nerve growth factor tropomyosin 
receptor kinase A agonist non peptide molecule 
treats acute and chronic experimental 
autoimmune encephalomyelitis.   

Elena Bonechi(1) - Antonio Sibilla(1) - Alessandra 
Aldinucci(1) - Luca Massacesi(1) - Federico Cozzolino(2)  
Clara Ballerini(1)

University Of Florence, Dipartimento Di Neuroscienze 
Psicologia Area Del Farmaco E Salute Del Bambino, Firenze, 
Italy(1) - University Of Florence, Dipartimento Di Scienze 
Biomediche, Sperimentali E Cliniche “Mario Serio”, Firenze, 
Italy(2)

Nerve Growth Factor (NGF) is a small protein that be-
longs to neurotrophin family, involved in normal develop-
ment of the nervous system and maintenance of neuronal 
integrity and function. In vitro and in vivo studies showed 
its effects on axonal survival and protection, on differen-
tiation of oligodendrocytes with consequent improvement 
of clinical signs of demyelinating diseases including mul-
tiple sclerosis (MS). Given its neuronal protective and im-
munomodulatory properties NGF represents a promising 
agent for MS treatment. However, the procedure utilized 
in animal models, as in situ NGF administration or trans-
plantation of NGF-producing cells in the brain, are too 
invasive to be proposed in patients. In our study, we test a 
NGF mimetic molecule, MT2 that is a patented non-pep-
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tide compound, agonist of the high affinity Nerve Growth 
Factor Receptor (NGFR) Tropomyosin receptor kinase A 
(TrkA). MT2 acts activating kinase cascade and leads to 
cell survival preventing intrinsic apoptosis. Differently 
from NGF, MT2 cross the blood brain barrier (BBB), as 
demonstrated in pharmacokinetics ‘in vivo’ experiments 
using C57BL/6 mice. Literature data showed MT2 pre-
vented cell death in in vitro experiments of cultured neural 
cells in conditions of growth factor deprivation, in in vitro 
model of Parkinson disease and in ex vivo model of Al-
zheimer Disease. Given these properties, to evaluate the 
possible protective effect of this molecule during inflam-
mation, we tested MT2 in MOG35-55 C57BL/6 experi-
mental autoimmune encephalomyelitis (EAE). We treated 
EAE mice by i.p MT2 starting at 14 dpi (6 treatments, 
2mg/Kg/mouse every other day). In these experiments 
we valued the disease reporting clinical score and weight 
loss. After sacrifice at 28dpi, we analyzed inflammation 
and histopathology. Our results showed increased produc-
tion of IL-10 in T cells isolated from treated animals com-
pared to controls, as well as reduction of inflammatory 
infiltrates, demyelination and axonal loss. We analyzed 
the effects on EAE mice performing the treatment dur-
ing chronic phase of MOG induced EAE (first injection at 
22dpi 6 treatments, 2mg/Kg/mouse every other day) and 
found a amelioration of clinical signs and of histopatho-
logical findings. Our results suggest that MT2 treatment 
ameliorate clinical severity of EAE, CNS pathology and 
inflammation. In the future we will investigate the pos-
sibility of MT2 protective effect during cuprizone model 
of toxic demyelination, to check the possibility of an out-
come independent from inflammatory mediated injure. 

159 
Type I interferon signaling modulates antibody-
mediated demyelination 

Carsten Tue Berg(1) - Reza Khorooshi(1) - Chris 
Linington(2) - Nasrin Asgari(1) - Trevor Owens(1)

University Of Southern Denmark, Dept. Neurobiology, Institute 
Of Molecular Medicine, Odense C, Denmark(1) - University 
Of Glasgow, Glasgow Biomedical Research Centre, Glasgow, 
United Kingdom(2)

Multiple Sclerosis (MS) is an inflammatory demyelinat-
ing disease of the central nervous system (CNS). Although 
considered a T cell-mediated disease, many MS lesions 
show deposition of antibodies and activated complement 
(C). Myelin oligodendrocyte glycoprotein (MOG) is a 
candidate autoantigen in MS. Interferon beta (IFN-beta), 

a Type I IFN, is used to treat MS and is effective against 
experimental autoimmune encephalomyelitis (EAE), an 
MS-like disease in mice. By contrast, IFN-beta is ineffec-
tive for the related disease Neuromyelitis Optica (NMO), 
believed to be mediated by autoantibodies specific for the 
water channel Aquaporin-4 on astrocytes. We have previ-
ously shown that antibody+C-dependent pathology in an 
animal model for NMO is dependent on Type I IFN sig-
naling. Our aim in this study was to investigate a) whether 
anti-MOG antibody induces demyelinating pathology, and 
b) the involvement of Type I IFN signaling in anti-MOG 
antibody-mediated pathology in mice with and without 
EAE. EAE was induced by immunization of C57BL/6 and 
IFNAR1-KO mice with MOGp35-55. Purified IgG2a an-
ti-MOG Mab and mouse C were stereotactically injected 
into the corpus callosum (CC) of mice without EAE and of 
mice as soon as they showed EAE symptoms. Demyelin-
ation (loss of luxol fast blue staining) was quantitated us-
ing ImageJ. Anti-MOG Mab induced C-dependent demy-
elination in CC of C57BL/6 mice without EAE, and this 
was significantly reduced in IFNAR1-KO mice. Severity 
and time of onset of EAE were similar between C57BL/6 
and IFNAR1-KO mice, and EAE did not induce CC de-
myelination in either strain. By contrast to the situation 
without EAE, anti-MOG Mab+C-induced demyelination 
in CC of mice with EAE was equivalent in IFNAR1-KO 
compared to C57BL/6 mice. Thus the effect of Type I IFN 
signaling on antibody-mediated demyelinating pathology 
is influenced by the CNS inflammatory environment.

163 
Innate glial interferons regulate CNS 
inflammation 

Ruthe Dieu - Reza Khorooshi - Anne Mariboe  
Marie-louise Hyre Arpe - Trevor Owens
Institute Of Molecular Medicin, Neurobiology Research, 
University Of Southern Denmark, Odense, Denmark

Multiple sclerosis (MS) is a chronic inflammatory disease 
of the central nervous system (CNS) whose pathology is 
characterised by demyelination and axonal damage. This 
results from interplay between CNS-resident glia, infil-
trating leukocytes and a plethora of cytokines and che-
mokines. Currently, there is no cure for MS, however 
a standard first-line therapy is recombinant interferon 
(IFN)-beta. IFN-beta belongs to the family of type I IFNs, 
which also include IFN-alpha. These engage to one com-
mon receptor, IFNAR. Type I IFNs can be induced by sev-
eral innate immune receptors, including toll-like receptors 
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(TLRs), through signalling cascades involving either in-
terferon regulatory factors (IRFs) or nuclear factor-kappa 
B (NF-kB). Several studies have identified a protective 
effect of type I IFNs in relation to experimental autoim-
mune encephalomyelitis (EAE), an MS-like disease in 
mice. Mice that lack IFN-beta or have disrupted IFNAR-
signaling develop more severe disease, whereas peripheral 
IFN-beta treatment reduced disease severity and delayed 
onset. Furthermore, it was recently shown that induction 
of type I IFNs in the CNS of mice by a TLR3-ligand was 
protective against EAE. We are now investigating another 
potential IFN-inducing receptor that signals through NF-
kB. Receptor activator of NF-kB (RANK) belongs to the 
TNF-receptor superfamily and has been shown to induce 
IFN-beta in medullary thymic epithelial cells affecting au-
toimmune regulatory processes and osteoclast precursor 
cells in association to bone mass homeostasis. Whether 
RANK-signaling is capable of inducing type I IFNs with-
in the CNS has not yet been studied. Preliminary data 
from IFN-beta-luciferase reporter mice already show that 
RANK-signaling by intrathecally applied RANKL can 
induce CNS-endogenous IFN-beta. Experiments in IFN-
beta-yellow fluorescence protein reporter mice identify 
extraparenchymal cells as one source of this IFN-beta and 
these will be identified using immunostaining and bone 
marrow chimera approaches. Studies are underway to ex-
amine whether IFN-alpha is also induced and the effect 
of RANK-induced IFN on EAE. The findings from this 
study will increase understanding of normal CNS homeo-
stasis as well as identify new targets for MS therapy.

170 
Proliferation and activation state of T cells in 
Multiple Sclerosis Lesions 

Joana Machado-Santos(1) - Etsuji Saji(2) - Jan Bauer(1)  
Hans Lassmann(1)

Center For Brain Research, Medical University Of Vienna, 
Vienna, Austria(1) - Brain Research Institute, Niigata University, 
Niigata, Japan(2)

Purpose: Multiple sclerosis (MS) is an autoimmune in-
flammatory CNS disease. It is well established that active 
demyelination and neurodegeneration in the MS brain is 
associated with inflammation, but the exact nature of the 
inflammatory response is currently undefined.
Therefore, we aim to investigate the proliferation and ac-
tivation state of the infiltrating T cells in the lesions of MS 
in comparison with other inflammatory CNS diseases.
Methods: We analyzed formalin fixed paraffin embed-

ded brain tissue from 23 MS patients, 1 neuromyelitis 
optica (NMO), 1 acute disseminated encephalomyelitis 
(ADEM), 7 Rasmussen´s encephalitis, 20 viral encepha-
litis, 21 stroke cases, 14 cases of Alzheimer´s and 10 
healthy controls. We examined the expression of Ox40, 
NFAT, PD-1 and CCR5 for the activation and the expres-
sion of PCNA and MCM2 as proliferation markers by im-
munohistochemistry double staining with the T cell mark-
ers, CD3 and CD8, and the B cell marker, CD20.
Results: We observed high numbers of T cells, mainly 
CD8-positive cells, in MS patients when compared with 
healthy controls, Alzheimer and Stroke. Interestingly, we 
only found B cells in high numbers in the perivascular 
areas of MS and NMO. We observed a significantly higher 
proliferation rate of CD3 and CD8 T cells in viral enceph-
alitis diseases when compared with MS subjects, Stroke, 
Alzheimer´s and healthy controls. Regarding activation 
we found Ox40 expression on high numbers on T cells 
of NMO, but very low expression in MS. Conversely, the 
activation marker CCR5 was found to be highly expressed 
on lymphocytes of MS.  
Conclusions: These findings suggest that activated and 
proliferating T cells are more abundant in acute diseas-
es like ADEM and viral encephalitis than in chronic le-
sions of MS. The high number of B cells present in the 
lesions of MS suggests a major role of these cells in the 
MS pathogenesis. The high number of CCR5+ cells in MS 
may have therapeutic implications since it could be tar-
geted as an anti-inflammatory treatment using Maraviroc.

182 
Integrative transcriptomics and proteomics 
analysis reveals a potential role for serpina3n and 
s100A4 in the neurodegeneration process during 
experimental autoimmune encephalomyelitis 

Nicolas Fissolo(1) - Berta Miró(2) - Clara Matute-blanch(1) 
Sunny Malhotra(1) - Alex Sanchez(2) - Shohreh Issazadeh-
navikas(3) - Xavier Montalban(1) - Manuel Comabella(1)

Cemcat, Multiple Sclerosis Centre Of Catalonia, Clinical 
Neuroimmunology Unit, Research Institut - Vall D’hebron 
University Hospital, Barcelona, Spain(1) - Unitat D’estadística 
I Bioinformática, Vall D’hebron Institut De Recerca (vhir), 
Barcelona, Spain(2) - Biotech Research And Innovation Centre 
(bric), University Of Copenhagen, Copenhagen, Denmark(3)

Background: This study expands upon previous research 
from our group in which the mechanisms of neurodegen-
eration were investigated in a time-course transcriptomic 
and proteomic integrative study in the animal model of 
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MS, experimental autoimmune encephalomyelitis (EAE). 
Here, we aimed to identify the most relevant pathways 
derived from the integrative study involved in the neuro-
degenerative process. Methods: 
C57BL/6 mice were immunized with MOG (EAE) or PBS 
(control). Animals were sacrificed at: 8, 16, 22, 29, 36, 
50 and 90 days post immunization, and central nervous 
system (CNS) tissue was obtained. Gene expression pro-
filing was determined in spinal cord by microarrays (Af-
fymetrix Mouse ST Array 2.1.) and protein quantification 
was performed by mass spectrometry (Orbitrap Fusion 
Lumos). Genes and proteins with statistically significant 
differential expression were identified by R Bioconductor. 
Selected candidate genes and associated molecules were 
validated by RT-PCR in CNS samples. The contribution 
of selected candidates in the neurogenesis process was in-
vestigated in neural stem cells (NSC) differentiated into 
neurons whose gene expression profiles were determined 
also with microarrays at different differentiation stages. 
The STRING database was used to identify protein as-
sociations. Results: A total of 1,763 genes and proteins 
present in both datasets (transcriptomic and proteomic) 
were used for the analysis. In a time-course series anal-
ysis of each dataset separately, and after integration of 
both datasets, serpinA3n and s100A4 were identified as 
the two candidates that showed the highest differences 
between the EAE and control groups. Compared to con-
trols, expression levels for serpina3n and s100A4 were 
significantly increased in spinal cord tissue at all time 
points studied from day 16 onwards (p<0.05). Proteins as-
sociated with serpina3n (Sfpi1 -transcription factor PU.1, 
and IL6), and with s100A4 (Anxa2 -annexin A2, Sugt1 
-protein SGT1, and IL10RA) also showed increased ex-
pression levels in EAE vs. controls. These results were 
validated by RT-PCR. Finally, serpina3n and s100A4 ex-
pression were significantly increased during neurogenesis 
(p=1.4 x10-7 and p=2.5 x10-4). Conclusions: The results 
from this study suggest that serpina3n and s100a4 path-
ways may be involved in the neurodegenerative process 
occurring in the CNS during EAE. Functional studies are 
currently underway to investigate how these findings may 
potentially translate to MS patients. 

188 
Importance of very late antigen 4 and melanoma 
cell adhesion molecule for the CNS infiltration of 
encephalitogenic CD4+ T cells 

Johanna Breuer(1) - Tilman Schneider-Hohendorf(1)  
Sebastian Herich(1) - Ken Flanagan(2) - Tanja Kuhlmann(3)

Heinz Wiendl(1) - Nicholas Schwab(1)

Department Of Neurology, University Clinic Of Muenster, 
Münster, Germany(1) - Prothena Inc, Prothena Inc, South San 
Francisco, United States(2) - Department Of Neuropathology, 
University Clinic Of Muenster, Münster, Germany(3)

Very late antigen 4 (VLA4) is involved in tethering, roll-
ing, and adhesion of T cells to endothelial barriers and 
is used by encephalitogenic T cells to enter the CNS. 
However, in vitro studies suggested that TH17 cells can 
also use melanoma cell adhesion molecule (MCAM) to 
access the CNS in a VLA4 independent mechanism. The 
focus of this study was to further elucidate the pathogenic 
relevance of VLA4 and MCAM in vivo by using murine 
models of CNS inflammation. 
In an adoptive transfer EAE with a T-cell differentiation 
protocol, which induced high percentages of MCAM+ 
cells, MCAM blockade resulted in lowered incidence 
and severity. Similarly, in an active EAE in VLA4 CD4-
specific knockout mice blocking of MCAM lead to a de-
layed onset of EAE and a reduced MCAM expression 
on immune cells both in the periphery as well as in the 
CNS. Moreover higher percentages of MCAM expressing 
CD4+ cells in the brain correlated with a higher clinical 
score.
In a spontaneous EAE model blocking of MCAM resulted 
in lowered disease incidence accompanied by a reduced 
expression of MCAM on lymphocytes, whereas blockade 
of VLA4 protected mice from the development of EAE. 
Double blockade of VLA4 and MCAM did not show an 
additional effect in comparison to the already amelio-
rated score by VLA4 blockade. Histological analysis of 
mice with spontaneous EAE revealed higher numbers of 
MCAM+ cells in the choroid plexus (CP) tissue of mice 
treated either with a MCAM blocking antibody or with 
a synergistic blockade of MCAM and VLA4, suggesting 
that MCAM blockade ameliorates CNS inflammation by 
preventing migration across the epithelial CP barrier into 
CNS tissue. In accordance with these observations from 
the murine in vivo model, MCAM blockade restricted the 
transmigration of MCAM expressing T cells across hu-
man CP epithelial cells in vitro. 
Taken together, our results indicate that targeting of VLA4 
restricts most- and blockade of MCAM, more specifical-
ly, restricts some encephalitogenic T cells from migrat-
ing into the CNS and, therefore, ameliorate neurological 
deficits in active, adoptive transfer and spontaneous EAE. 
Whereas VLA4 blockade abrogates the encephalitogenic 
potential of T cells in a wide-ranging way by blocking mi-
gration over endothelial barriers, MCAM targeting might 
exclusively restrict migration across the epithelial CP bar-
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rier. This results in an overall lower, but on the other hand 
more specific clinical improvement, mainly involving 
TH17 cells, compared to targeting VLA4.

191 
Modulation of monocytes by bioactive lipid 
anandamide in multiple sclerosis involves distinct 
Toll-like receptors 

Alessandro Leuti(1) - Valerio Chiurchiù(1) - Maria Teresa 
Cencioni(2) - Diego Centonze(3) - Maria Albanese(4) Marco 
De Bardi(1) - Luca Battistini(1) - Mauro Maccarrone(5)

Irccs Santa Lucia Foundation, European Center For Brain 
Research (cerc), Rome, Italy(1) - Centre For Neuroscience, 
Wolfson Neuroscience Laboratories, Imperial College, 
Department Of Medicine, Division Of Brain Sciences, London, 
United Kingdom(2) - Irccs Istituto Neurologico Mediterraneo 
(inm), Neuromed Pozzilli, Rome, Italy(3) - University Tor Vergata 
Of Rome,, Clinica Neurologica, Dipartimento Di Medicina 
Dei Sistemi, Rome, Italy(4) - Campus Bio-medico University Of 
Rome, School Of Medicine And Center Of Integrated Research, 
Rome, Italy(5)

Monocytes are believed to be involved in the immuno-
pathogenesis of multiple sclerosis (MS). The aim of this 
study was to investigate their role in MS and their immu-
nomodulation by means of the endocannabinoid system 
(ECS), a novel target for the treatment of this disease. We 
compared the level of cytokine production from mono-
cytes in healthy subjects and MS patients upon stimula-
tion with viral or bacterial Toll-like receptors (TLR) and 
we evaluated the ECS immunomodulatory role in these 
cells. Here we show that MS monocytes produced higher 
levels of TNF- α, IL-12 and IL-6 in response to LPS-
activated TLR2/4 or Flagellin-activated TLR5 receptors, 
compared to R848-activated TLR7/8 receptors. Further-
more AEA, the main endocannabinoid, inhibited cytokine 
production in healthy monocytes regardless of the nature 
of TLR but not in cells from MS patients, where its immu-
nosuppressive activity was TLR7/8-dependent. Altered 
expression levels of key ECS members in MS monocytes 
paralleled these data. Our data disclose a distinct immu-
nomodulatory effect of AEA and an alteration of AEA-re-
lated members of the ECS in monocytes from MS patients 
that involves viral but not bacterial TLR. These findings 
may form the basis for the rational design of new endo-
cannabinoid-based immunotherapeutics that target innate 
immune cells.

202 
Expression of IL-1beta in rhesus EAE and MS 
lesions is mainly induced in the CNS itself 

Saskia Burm(1) - Laura Peferoen(2) - Ella Zuiderwijk-sick(1) 
Krista Haanstra(3) - Bert ‘t Hart(3) - Paul Van Der Valk(2) 
Sandra Amor(2) - Jan Bauer(4) - Jeffrey Bajramovic(1)

Biomedical Primate Research Centre, Alternatives, Rijswijk, 
Netherlands(1) - Vu Medical Center, Department Of Pathology, 
Amsterdam, Netherlands(2) - Biomedical Primate Research 
Centre, Immunobiology, Rijswijk, Netherlands(3) - Medical 
University Of Vienna, Department Of Neuroimmunology, 
Vienna, Austria(4)

Interleukin (IL)-1beta is a pro-inflammatory cytokine that 
plays a role in the pathogenesis of multiple sclerosis (MS) 
and experimental autoimmune encephalomyelitis (EAE), 
the animal model for MS. Yet, detailed studies on IL-
1beta expression in different stages of MS lesion develop-
ment and a comparison of IL-1beta expression in MS and 
EAE are lacking. Here, we performed an extensive char-
acterization of IL-1beta expression in brain tissue of MS 
patients, which included different MS lesion types, and in 
brain tissue of rhesus macaques with EAE. 
In rhesus EAE brain tissue we observed prominent IL-
1beta staining in MHC class II+ cells within perivas-
cular infiltrates and at the edges of large demyelinating 
lesions. Surprisingly, staining was localized to resident 
microglia or differentiated macrophages rather than to in-
filtrating monocytes, suggesting that IL-1beta expression 
is induced within the central nervous system (CNS). By 
contrast, IL-1beta staining in MS brain tissue was much 
less pronounced. Staining was found in the parenchyma 
of active and chronic active MS lesions, and in nodules 
of MHC class II+ microglia in otherwise normal appear-
ing white matter. IL-1beta expression was detected in a 
minority of the nodules only, which could not be distin-
guished by the expression of pro- and anti-inflammatory 
markers. These nodules were exclusively found in MS 
and it remains to be determined whether IL-1beta+ nod-
ules are destined to progress into active lesions or whether 
they merely reflect a transient response to cellular stress. 
Although the exact localization and relative intensity of 
IL-1beta expression in EAE and MS is different, the stain-
ing pattern in both neuroinflammatory disorders is most 
consistent with the idea that the expression of IL-1beta 
during lesion development is induced in the tissue rather 
than in the periphery.
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204 
The signaling strength of PI3-Kinase determines 
pathogenicity of T helper cells in autoimmunity 

Sonja Moos(1) - Daniele Ielo(1) - Florian Wanke(1) - 
Stephanie Graef(1) - André P. Heinen(1) - Morad Zayoud(1) 
Khalifa El Malki(1) - Katrin Frauenknecht(2) - Sonja 
Reissig(1) - Jean-Christophe Renauld(3) - Klaus Rajewsky(4) 
Ari Waisman(1) - Florian C. Kurschus(1)

Institute For Molecular Medicine, University Medical Center Of 
The Johannes Gutenberg-university Mainz, Mainz, Germany(1) 
Department Of Neuropathology, University Medical Center 
Of The Johannes Gutenberg-university Mainz, Germany,(2)  
Ludwig Institute For Cancer Research, Université Catholique 
De Louvain, Brussels, Belgium(3) - Immune Disease Institute, 
Harvard Medical School, Boston, United States(4)

For sufficient activation of naïve T cells, signaling through 
co-stimulatory receptors, such as CD28, in addition to T 
cell receptor complex (TCR) signaling is required. Both 
TCR signaling and especially CD28 signaling activate the 
Phosphatidylinositol 3-kinase (PI3K) pathway. PI3K ac-
tivation via CD28 can be inhibited by Programmed cell 
death protein 1 (PD-1), a negative regulatory receptor on 
T cells. 
When we analyzed the signals needed for differentiation 
of T cells into various lineages, we found that the strength 
of CD28 mediated co-stimulation has a major impact on 
the lineage decision. Naïve CD4 positive T cells from 
PD-1 knockout mice were highly biased for TH1 dif-
ferentiation and refractory to differentiation to iTregs or 
TH17 cells in vitro. Similarly, T helper cells expressing 
a constitutively active mutant of the PI3-Kinase domain 
showed a strong bias towards TH1 differentiation and a 
resistance towards TH17 and iTreg differentiation in vi-
tro. Moreover, T helper cell differentiation was strongly 
biased towards IL-22 expressing T cells.
The course of experimental autoimmune encephalomyeli-
tis (EAE) was analyzed in the mice constitutively overex-
pressing PI3K specifically in T cells. Contrary to our expec-
tations, we found that although T cells were primed against 
the MOG35-55 peptide, these mice are highly resistant to 
EAE. This shows that co-stimulatory signaling strength 
influences T cell lineage decision and can determine the 
pathogenicity of T helper subsets in autoimmunity. 

219 
Microvesicles as a possible biomarker for 
microglia activation in vivo during phases of 
disease activity in Multiple Sclerosis and their 
correlation with different stages of disease course 

Tommaso Croese(1) - Marco Pisa(1) - Annamaria Finardi(2) 
Vittorio Martinelli(1) - Giancarlo Comi(1) - Roberto 
Furlan(2)

San Raffaele Hospital, Department Of Neurology, Milan, 
Italy(1) - San Raffaele Hospital, Department Of Clinical 
Neuroimmunology, Milan, Italy(2)

Scientific and clinical interest in shedding microvesicles 
(sMVs) has increased rapidly as evidence mounts that they 
may constitute a new signaling paradigm. The first aim of 
this study was to evaluate whether the number of cere-
brospinal fluid (CSF) derived MVs released by microglia/
macrophages increase upon disease activity (evaluated as 
Gd enhancing lesions at MRI scan) or upon presence of 
oligoclonal bands (OCB) in CSF. 
Therefore, we collected CSF from 176 patients affected 
from MS who performed lumbar puncture and MRI scan 
in the same week (55 clinically isolated syndrome - CIS; 
113 relapsing remitting MS - RRMS of whom 21 with 
gadolinium enhancing lesions at MRI; 8 secondary or 
primary progressive MS - SPMS/PPMS). The number 
of MVs was significantly higher in patients with disease 
activity (p <0,001). Furthermore, patients with positive 
OCB have a higher number of MVs in CSF (p <0,003) and 
a linear regression test revealed that the two conditions 
were independent (Gd p<0.001; OCB p=0.009). 
Secondly, we compare sMVs number between different 
MS subtypes and, for this purpose, a control group was 
added considering 30 CSF samples obtained from patients 
with other neurological diseases (OND) (17 with cogni-
tive impairments; 9 with migraine; 4 with neuropathies). 
A Kruskal-Wallis test was performed in order to ascertain 
the difference between sMVs distribution in clinical sub-
groups (X2= 65,5; p< 0,001). Post-hoc Mann-Whitney 
tests were performed between all subgroups and we found 
significant differences between each other (p< 0,02) ex-
cept for progressive MS who displayed a number of MVs 
comparable to non active RRMS or CIS (non significant). 
In conclusion, a progressive increase of sMVs concentra-
tion in CSF was noticed with active MS showing the high-
est values than progressive MS, not active MS, CIS and 
controls who showed the lowest number of sMVs per ml 
(Jonckheere Terpstra p< 0,001;  Spearman 0,623 p< 0,001).
We are the first to demonstrate a straight correlation be-
tween MRI lesions and MVs number as well as OCB 
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and MVs. In this study we also pointed out that different 
stages of MS history correspond to different levels of mi-
croglial activation and that, according to last evidences in 
the field, progressive MS still show active inflammatory 
activity at subclinical level.

226 
Genome-wide analysis reveals a unique 
transcriptional signature regulated by 
interleukin-1beta during differentiation of T 
helper 17 cells 

Elisabetta Volpe(1) - Manuela Bianco (1, 2) - Chiara Naro(2) - 
Alessia Capone(1, 2) - Marco De Bardi(1) - Luca Battistini(1) 
Claudio Sette(2)

Neuroimmunology Unit, Santa Lucia Foundation, Rome, Italy(1) 
Neuroembriology Unit, Santa Lucia Foundation, Rome Italy 
and Dept. of Biomedicine and Prevention, University of Rome 
Tor Vergata.(2)

T helper (Th) 17 cells are a subpopulation of CD4 T 
cells characterized by production of interleukin (IL) 
17A and F. Th17 cells have been recently implicated 
in autoimmune disorders, including Multiple Sclerosis 
(MS), a neurological disease that involves inflammation 
and neurodegeneration. A key cytokine involved 
in inflammation and autoimmune diseases is IL-
1beta. Importantly, IL-1beta signaling is required for 
differentiation of Th17 cells and studies in mice indicate 
that this pathway drives acquisition of pathogenic features 
by these cells. Accordingly, lack of IL-1beta enhances 
IL-10 production by human Th17 cells, thus attenuating 
their inflammatory properties. Nevertheless, the complete 
transcriptional program and cellular responses triggered 
by IL-1beta in human Th17 cells are still unknown. 
Our study aims at elucidating the global changes 
characterizing the differentiation of human Th17 cells 
from naïve T cells and at understanding the impact of IL-
1beta signaling on such program. Next-generation RNA 
sequencing analyses indicated that IL-1beta exerts subtle 
effects on the transcriptional program of Th17 cells in the 
first 48 hours of differentiation, when the main features 
of these cells have not been acquired yet. At this early 
time point, the transcriptome of cells differentiating in 
the presence of all 4 cytokines required for Th17-oriented 
polarization (TGFbeta, IL6, IL23 and IL-1beta) could be 
clearly segregated from that of Th0-oriented cells (lack of 
all cytokines), with IL-1beta affecting a minority of the 
regulated genes. By contrast, transcriptome signatures 
clearly segregated all three profiles of polarization at day 

5. In addition to confirming activation of Th17-specific 
genes (i.e. RORC, IL17A, IL17F), our data revealed 
novel genes that specify the Th17 profile, with strong 
enrichment in the cytokine-cytokine receptor pathways. 
Strikingly, 824 of these genes required IL-1beta signaling 
for their expression, including IL17A, IL17F and genes 
for pro-inflammatory cytokines like IL6 and interferon 
gamma. Moreover, our dataset highlights long non-coding 
RNAs (lncRNAs) marking the human Th17 profile, a 
subset of which is tightly dependent on IL-1beta. These 
studies reveal the global transcriptome set in motion by 
naïve T cells during their polarization into Th17 cells and 
pave the way for future studies aimed at dissecting genes 
that promote the pathogenic features of this clinically 
important subpopulation of CD4 T cells.
 

227 
Role of Toll-like receptor 2 in mediating infection 
and inflammation in Multiple Sclerosis 

Md Jakir Hossain(1) - Elena Morandi(1) - Radu Tanasescu(1) 
Cris S Constantinescu(1) - Tola A. Faraj(2) - Clett Erridge(2) 
Bruno Gran(1)

University Of Nottingham, Division Of Clinical Neuroscience, 
School Of Medicine, Queen’s Medical Centre, NG7 2UH, 
Nottingham, United Kingdom(1) - University Of Leicester, 
Department Of Cardiovascular Sciences, Clinical Sciences 
Wing, Glenfield General Hospital, LE3 9QP, Leicester, United 
Kingdom(2)

Toll-like receptor 2 (TLR2) is an important innate im-
mune receptor that heterodimerize with either TLR1 or 
TLR6 and thus can sense a broad spectrum of microbial as 
well as endogenous ligands. Multiple Sclerosis (MS) is an 
immune-mediated, inflammatory demyelinating disease 
of the central nervous system, in which pro-inflammatory 
Th17 cells appear to prevail over anti-inflammatory regu-
latory T cells (Tregs). TLR2 stimulation on human Tregs 
was shown to reduce their suppressive functions and 
drive their differentiation towards a Th17-like phenotype. 
In addition, Tregs from relapsing-remitting MS (RRMS) 
patients were more susceptible to such TLR2-induced ef-
fects than those from healthy controls (HC). Here, we are 
investigating to see whether these mechanisms are rele-
vant in vivo. In the HEK-293 transfection system and dual 
luciferase reporter (DLR) assay, we identified that infec-
tious stimuli including Helicobacter pylori lysate and heat 
killed E. coli, S. aureus, S. epidermis, K. pneumoniae, 
P. aeruginosa, P. vulgaris as a strong stimulant for TLR2 
which could be associated with MS. We also found that 
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lyophilized and purified lipoarabinomannan from differ-
ent species of Mycobacteria and lipopentapeptide (L5P) 
from Mycobacterium avium Paratuberculosis (MAP) 
have mild to moderate TLR2 stimulating potential. Be-
sides, we also tested the potential of urine and serum sam-
ples from MS patients and HC in the HEK-293 system to 
stimulate TLR2. Urine samples from MS patients in re-
lapse contain higher TLR2-stimulating activity than HC; 
however, pilot paired samples from relapse and remission 
do not show significant differences. We also measured the 
level of soluble TLR2 (sTLR2) as a potential biomarker 
of inflammation during MS relapses, both in serum and in 
urine by ELISA. In MS patients, sTLR2 levels are higher 
in urine during relapse than in remission, while in serum 
no significant differences were observed. Flow cytometry 
based analyses are being carried out on paired relapse and 
remission samples from 25 RRMS patients to compare 
Treg and Th1/Th17 parameters upon TLR2 stimulation in 
vitro in PBMCs and CD4+ T cells

233 
Molecular mechanisms underlying the 
pathogenic function of IL-23 in autoimmune 
neuroinflammation 

Melania Balzarolo(1) - Andrew L Croxford(1) - Tom 
Hartwig(1) - Pawel Pelczar(2) - Burkhard Becher(1)

Institute Of Experimental Immunology, University Of Zurich, 
Zurich, Switzerland(1) - Center For Transgenic Models, 
University Of Basel, Basel, Switzerland(2)

Multiple sclerosis (MS) is a chronic inflammatory disorder 
characterized by leukocyte invasion and demyelination of 
the central nervous system (CNS). In experimental auto-
immune encephalomyelitis (EAE), a preclinical model of 
MS, the cytokine interleukin 23 (IL-23) has been identi-
fied to endow self-reactive CD4+ T helper (TH) cells with 
encephalitogenic properties. In this study we sought to 
further delineate the cellular and molecular mechanisms 
through which IL-23 exerts its pathogenic function in the 
progression of EAE. 
To this purpose, we used a mouse strain for conditional 
deletion of the Il23r gene, which encodes the IL-23 re-
ceptor (IL-23R). This model allows us to ablate IL-23 
receptor (IL-23R) signaling in specific cell populations 
in vivo, without affecting systemic IL-23R signaling. As 
expected, we found that deletion of IL-23R signaling in 
alpha/beta T cells confers resistance to EAE. Impaired IL-
23R signaling prevents the accumulation of GM-CSF and 
IL-17 producing CD4+ T cells in the CNS of mice upon 

the induction of EAE. However, CD4+ TH cells do not 
show impaired proliferative capacity at the priming phase 
in peripheral lymphoid organs in the absence of IL23R 
signaling. We further compared the transcriptome profile 
of effector CD4+ TH cells with intact and impaired IL-
23R signaling, upon EAE induction in an in vivo mixed 
bone marrow chimera setting. Transcriptome analysis re-
vealed differentially expressed genes involved in protein 
trafficking and cell migration that could contribute to the 
capacity of CD4+ TH cells to invade the CNS and to elicit 
an inflammatory cascade that leads to tissue damage. Our 
current experiments, aimed to elucidate the molecular tar-
gets of IL-23 that mediate these processes, provide useful 
insights in the mechanisms that drive IL-23 pathogenicity 
in autoimmune neuroinflammation and in other autoim-
mune diseases.

238 
miR-155-3p and heat shock protein 40 genes 
regulate T helper cell 17 development during 
autoimmune demyelination 

Marcin P. Mycko - Maria Cichalewska  
Hanna Cwiklinska - Krzysztof W. Selmaj
Medical University Of Lodz, Department Of Neurology, 
Laboratory Of Neuroimmunology, Lodz, Poland

MicroRNAs (miRNA) are small, endogenous RNAs that 
represent a group of non-protein coding gene products 
that regulate transcription, degradation or activation of 
mRNA. MicroRNAs have been implicated as regulatory 
mechanisms in the immune system and miR-155 has been 
found to play key  role in various immune cell functions. 
We and others have described miR-155 upregulation in T 
helper (Th) cells during development of the experimental 
autoimmune encephalomyelitis (EAE). Here we address 
the function of miR-155 in Th differentiation during EAE. 
To manipulate miR-155 activity a set of specific oligo-
nucleotide mimics and antagomir inhibitors were tested. 
An active myelin antigen immunization EAE model and 
myelin specific Th transfer as autoimmune demyelination 
models have been used. We have found that immuniza-
tion of miR-155 deficient mice with MOG peptide 35-55 
led to decreased generation of Th17 response. Searching 
for molecular mechanisms of miR-155 action in T cells 
we have identified an unusual miR-155 form, miR-155-
3p to be expressed in Th cells during autoimmune demy-
elination. Intriguingly, we have found that miR-155-3p 
inhibition led to the upregulation of heat shock protein 
40 (hsp40) family, Dnaja2 and Dnajb1. Finally, a MOG 
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TCR transgenic Th cells transfected with either Dnaja2 or 
Dnajb1 were less encephalitogenic in EAE transfer mod-
el. Thus our results provide evidence for the previously 
unknown miR-155-3p - hsp40 axis that regulate the pro-
cess of myelin antigen adaptive response and autoreactive 
T cell development.

241 
Loss of oligodendrocyte connexins aggravates 
experimental autoimmune encephalomyelitis 

Kleopas Kleopa(1) - Christos Papaneophytou(1) - Elena 
Georgiou(1) - Irene Sargiannidou(1) - Charles Abrams(2)

The Cyprus Institute Of Neurology And Genetics, The Cyprus 
School Of Molecular Medicine, Neuroscience Laboratory 
And Neurology Clinics, Nicosia, Cyprus(1) - The University Of 
Illinois At Chicago, Neurology And Rehabilitation, College Of 
Medicine, Chicago, United States(2)

Oligodendrocytes are coupled by gap junctions (GJs) 
formed mainly by GJ proteins connexin32 (Cx32) and 
Cx47, which may play a role in multiple sclerosis (MS) 
pathology and progression. In this study we investigated 
whether the loss of either Cx32 or Cx47 affects the be-
havioral and histological outcomes in the experimental 
autoimmune encephalomyelitis (EAE) mouse model of 
MS. For this purpose, age matched (6-8 week old) fe-
male fully back-crossed Cx32 knockout (KO) or Cx47KO 
and C57BI/6 WT mice were immunized with MOG33-
55 peptide in order to develop EAE. Our results revealed 
that EAE induced in Cx47KO mice causes more severe 
mean clinical scores (MCS) on a 5 step scale compared 
to Cx32KO and WT mice. The MCS of Cx47KO group 
at the peak of the disease (19-24 days post immunization-
dpi) was significantly increased (MCS=3.3 ± 0.4) com-
pared to the Cx32KO mice (MCS=2.5 ± 0.2) and to the 
WT mice (MCS=2.0 ± 0.3). In addition, we performed 
two other behavioral evaluations, including rotarod test 
and grip strength, on WT, Cx32KO and Cx47KO EAE 
mice. These studies showed that balance and coordina-
tion of Cx32KO and Cx47KO EAE mice was signifi-
cantly reduced over time compared to WT EAE mice. 
Grip strength of EAE WT group decreased in hind limbs 
by approximately 25% of initial strength at 18 dpi, while 
in Cx32KO and Cx47KO groups it decreased by 40%. 
Histological examinations revealed that Cx47KO EAE 
induced mice had more demyelination and axonal loss 
compared to WT and Cx32 KO mice. However, no signifi-
cant differences in demyelination were observed between 
Cx32KO and WT EAE mice. Blood spinal cord barrier 

(BSCB) disruption was most severe in Cx47KO mice 
compared to both Cx32KO and WT groups, and corre-
lated with disease severity during the acute phase of EAE. 
The degree of oligodendrocyte apoptosis was higher in 
Cx47KO EAE mice compared to WT and Cx32KO EAE 
mice demonstrated by TUNEL assay and caspase-3 stain-
ing. Our results indicate that loss of oligodendrocyte GJs, 
especially in Cx47KO more than in Cx32KO mice, ag-
gravates BSCB disruption and response to inflammation, 
causing more oligodendrocyte apoptosis and axonal loss, 
associated with increased severity of EAE. This study has 
implications for the role of connexins in MS pathology, 
as well as for the secondary inflammatory pathology in 
patients with inherited mutations in oligodendrocyte con-
nexins.

This study has been funded by the National Multiple Scle-
rosis Society (RG459A1/2 grant to CKA and KAK)

251 
Dysregulation of regulatory CD56bright NK 
cells/T cells interactions in multiple sclerosis 

Alice Laroni(1) - Eric Armentani(1) - Nicole Kerlero De 
Rosbo(1) - Federico Ivaldi(1) - Emanuela Marcenaro(2)

Simona Sivori(2) - Roopali Gandhi(3) - Howard L. Weiner(3) 
Alessandro Moretta(2) - Giovanni L. Mancardi(1) 
Antonio Uccelli(1)

University Of Genova, Department Of Neuroscience, 
Rehabilitation, Ophthalmology, Genetics, Maternal And Child 
Health, Genova, Italy(1) - University Of Genova, Department 
Of Experimental Medicine, Genova, Italy(2) - Brigham And 
Women’s Hospital And Harvard Medical School, Ann Romney 
Center For Neurologic Diseases, Boston, United States(3)

In recent years, the horizon of innate immune cells has 
been redesigned with the identification of innate lymphoid 
cells (ILC). ILC are now regarded as the innate, more 
phylogenetically ancient mirror of T cells and thus, based 
on transcription factors and cytokines they produce, ILC 
are divided in subfamilies similar to T helper cell subsets. 
However, whether ILC include the innate correlate of T 
regulatory cell subsets has not been clarified yet.
Recent evidence has shown that CD56bright natural killer 
(NK) cells, a subset of NK cells abundant in lymph nodes, 
may have an immunoregulatory function. In multiple scle-
rosis (MS), expansion of CD56bright NK cells has been 
associated to successful response to different treatments 
and to remission of disease during pregnancy; how wheth-
er they exert immunoregulation in physiologic conditions 
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and whether this is impaired in MS is not known. We dis-
sected the immunoregulatory role of CD56bright NK cells 
function in healthy subjects (HS) and compared it with 
that of untreated MS subjects or patients with clinically 
isolated syndrome suggestive of MS (CIS). We found that 
CD56bright NK cells from HS acquire, upon inflammato-
ry cues, the capability of suppressing autologous CD4+T 
cell proliferation through direct cytotoxicity requiring 
engagement of natural cytotoxicity receptors (NCRs) and 
secretion of granzyme B, thus representing a regulatory 
cell subset within the group of ILC. CD56bright NK cells 
from patients with MS/CIS did not differ in frequency and 
share a similar phenotype but displayed a significantly 
lower ability to inhibit autologous T cell proliferation. 
This impairment was not related to deficient expression 
of NCRs or granzyme B by CD56bright NK cells, but 
to increased HLA-E expression on T cells from MS/CIS 
subjects, which could enhance the inhibitory effect me-
diated by NKG2A, that is homogeneously expressed on 
CD56bright NK cells.  The results of our study show the 
possible importance of innate immunity resident in lymph 
nodes in preventing autoimmune responses by controlling 
autologous T cell activation, and suggests that the evasion 
of T cells from CD56bright NK cell control may contrib-
ute to the deregulated T cell response observed in MS. 

257 
IRF4 but not ROR-gammat is indispensable 
for pathogenic Th17 cell development and 
maintenance 

Ilgiz Mufazalov(1) - Laureen Gabriel(1) - Christopher 
Hackenbruch(1) - Tommy Regen(1) - Janina Kuschmann(1)  
Florian Wanke(1) - Nir Yogev(1) - Ulf Klein(2)  
Dan Littman(3) - Tobias Bopp(4) - Florian Kurschus(1)  
Ari Waisman(1)

Institute For Molecular Medicine, Jg University Mainz, Mainz, 
Germany(1) - Herbert Irving Comprehensive Cancer Center, 
Columbia University, New York, United States(2) - The Kimmel 
Center For Biology And Medicine Of The Skirball Institute And 
The Howard Hughes Medical Institute, New York University 
School Of Medicine, New York, United States(3) - Institute For 
Immunology, Jg University Mainz, Mainz, Germany(4)

Previously, we have developed a Th17 fate mapping sys-
tem and showed that Th17 cells display high plasticity 
towards IFN-gamma positive cells in the context of au-
toimmune neuroinflammation, namely in EAE. Here we 
provide additional evidences for the IL-23-dependent and 
transient expression of IL-17F during early Th17 cells 

development. We found that autoreactive, MOG-specific 
Th17 cells differentiate also towards the GM-CSF positive 
lineage at their late developmental stage. When the tran-
scription factor ROR-gammat was deleted by using IL-
17F-cre mediated recombination, we observed a decrease 
in IL-17 expression, however with unimpaired plasticity 
towards Th1 and GM-CSF producing T cells. Important-
ly, ROR-gammat deficiency in Th17 cells did not lead to 
complete loss of the Th17 cells suggesting that this factor 
is important, but not critical for the maintenance of CD4 
T cell pathogenicity.
In sharp contrast, deletion of the transcription factor IRF4 
using IL-17F-cre mice led to disappearance of MOG-spe-
cific CD4 T cells shortly after their development. In agree-
ment, we also did not observe cytokine positive MOG-
specific CD4 T cells in mice when IRF4 was deleted 
using CD4-cre mediated recombination upon MOG/CFA 
immunization. Even Treg depletion and anti-IFN-gamma 
treatment did not restore susceptibility of IRF4 deficient 
mice to EAE induction. On the other hand in mice with 
T cell specific deletion of ROR-gammat, ROR-gammat 
deficient CD4 T cells do acquire pathogenic potential, 
which is, however kept under control by Treg cells. In-
deed, Treg depletion in such animals resulted in proper 
EAE development with the massive infiltration of CD4 T 
cells into the CNS. T cells isolated from diseased ROR-
gammat deficient mice were characterized by expression 
of both IFN-gamma and GM-CSF, but Th17 cells were 
highly underrepresented.
We concluded that although ROR-gammat is important 
for development of Th17 cells, it is not needed for plastic-
ity of Th17 cells. The latter finding explains the pathoge-
nicity of ROR-gammat deficient T cells, since IL-17 ex-
pression itself seem to be not critical for development of 
neuroinflammation as long as GM-CSF is induced.

262 
The role of integrins in the control of Th1 and 
Th17 cell dynamics in the central nervous 
system during experimental autoimmune 
encephalomyelitis 

Silvia Dusi(1) - Barbara Rossi(1) - Stefano Angiari(1) - 
Tommaso Carlucci(1) - Gabriela Constantin(1)

University Of Verona, Department Of Medicine, Verona, Italy(1)

The migration of autoreactive T cells and their reactiva-
tion in the central nervous system (CNS) represent critical 
events in the pathogenesis of experimental autoimmune 
encephalomyelitis (EAE), the animal model of multiple 
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sclerosis. The responses to potential antigens inside the 
CNS require long-range migration of cells, short-range 
communication and direct cell-cell contact with antigen 
presenting cells. Two-photon laser microscopy (TPLM) 
allows visualizing these processes within the spinal cord 
(SC), which represents the main inflammation site during 
EAE. The goal of this study was to investigate the role of 
alphaLbeta2 (LFA-1) and alpha-4 integrins in the motil-
ity behavior of Th1 and Th17 cells inside the SC of EAE 
mice using a TPLM approach. We first found a massive 
infiltration of auto-reactive Th1 and Th17 cells at the dis-
ease peak in comparison with the preclinical and chronic 
disease phases. LFA-1 blockade drastically affected intra-
parenchymal dynamics of Th1 cells interfering with their 
straight-line motility and massively reduced Th17 cell 
velocity. Moreover, the analysis of cellular morphology 
showed that LFA-1 is actively involved in the cytoskel-
eton rearrangements necessary for T cell amoeboid mi-
gration inside the CNS, but had no role in the cytoskel-
eton dynamics in Th17 cells. Notably, alpha4 integrins 
had no role in Th1 cells motility, but drastically reduced 
the dynamics of Th17 cells inside the SC parenchyma. To 
check the therapeutic relevance of our intravital micros-
copy findings, we performed intrathecal injection of anti-
LFA-1 or anti-alpha4 antibody at disease onset and ob-
served a significant inhibition of EAE progression in mice 
immunized with MOG35-55 peptide. Collectively, our 
data demonstrate that LFA-1 integrin differently control 
intraparenchymal Th1 and Th17 cells dynamics, whereas 
alpha-4 integrins are selectively involved in Th17 cell 
trafficking in the CNS during EAE. Furthermore our re-
sults suggest that interfering with the molecular mecha-
nisms controlling intraparenchymal dynamics of activated 
T cells may represent a new therapeutic strategy for CNS 
autoimmune diseases.

265 
Inhibition of hyaluronan synthesis using 
4-methylumbelliferone restores immune 
tolerance in CNS autoimmunity 

Hedwich F. Kuipers(1) - Mary Rieck(1) - Irina Gurevich(2) 
Nadine Nagy(1) - Manish Butte(2) - Thomas Wight(3) 
Lawrence Steinman(4) - Paul Bollyky(1)

Stanford University, Medicine, Stanford, CA, United States(1) - 
Stanford University, Pediatrics, Stanford, CA, United States(2) 
Benaroya Research Institute, Matrix Biology Program, Seattle, 
WA, United States(3) - Stanford University, Neurology and 
Neurological Sciences, Stanford, CA, United States(4)

The extracellular matrix polysaccharide hyaluronan (HA) 
is a key inflammatory mediator known to be abundant in 
demyelinating lesions in multiple sclerosis (MS), as well 
as in the mouse model of the disease, experimental auto-
immune encephalomyelitis (EAE), but its functional im-
portance in pathogenesis is unclear. 
We evaluated the impact of 4-methylumbelliferone (4-
MU), an oral inhibitor of HA synthesis, on disease pro-
gression in EAE. We show that treatment with 4-MU 
significantly decreases the incidence of EAE, delays its 
onset, and reduces the severity of established disease.  Us-
ing multi-parameter flow cytometry, we found that 4-MU 
inhibits the activation of autoreactive T cells and prevents 
their polarization toward a Th1 phenotype. Instead, 4-MU 
promotes GATA3 signaling and polarization toward a Th2 
phenotype, as well as induction of FoxP3 expression and 
regulatory T cells in vivo. Further, using 2-photon micros-
copy and bioluminescence tracking, we found that 4-MU 
hastens trafficking of T cells through secondary lymphoid 
organs and impairs the infiltration of T cells into the CNS 
parenchyma. Moreover, we observed that 4-MU treatment 
reduces the reactive astrogliosis response in vitro as well 
as in vivo, characterized by a decrease of GLAST+ astro-
cyte numbers in the spinal cord of treated EAE mice and 
reduced GFAP immunoreactivity in CNS tissue. Together, 
these data suggest that HA synthesis is necessary for dis-
ease progression in EAE and that treatment with 4-MU may 
be a potential therapeutic strategy in CNS autoimmunity. 
Considering that 4-MU is already an approved therapeutic 
for the treatment of biliary spasm, we propose that it could 
be repurposed to treat MS and other autoimmune diseases.  
To facilitate this development, we have also investigated 
how the metabolism and pharmacokinetics of 4-MU im-
pact its effects on HA synthesis and autoimmunity, provid-
ing valuable support for the implementation of oral 4-MU 
treatment of MS and other autoimmune diseases. 

266 
IL-17 differentially modulates CNS 
autoimmunity in a cell type-specific way 

Tommy Regen(1) - Judith Hauptmann(1) - Ari Waisman(1)

University Medical Center Of The Johannes Gutenberg 
University, Institute For Molecular Medicine, Mainz, 
Germany(1)

The biology of interleukin 17 (IL-17)-producing T cells 
(Th17) and their implication in autoimmune disorders 
such as multiple sclerosis (MS) and its animal model 
experimental autoimmune encephalomyelitis (EAE) has 
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been immensely discussed in recent years. However, as 
much as the importance for Th17 cells in these patholo-
gies is accepted, the significance of IL-17 itself is surpris-
ingly controversial, ranging from non-redundant to dis-
pensable. Recent clinical trials to treat MS patients with 
an IL-17A neutralizing antibody (Secukinumab) thereby 
show promising results towards a reduced disease burden, 
favoring a disease promoting role for IL-17 in MS. Here, 
we sought to shed more light on the precise cellular tar-
gets of IL-17 signaling during the course of EAE. For this 
purpose we made use of the conditional gene targeting ap-
proach to create a mouse line that allows for Cre recom-
binase-mediated deletion of exons 4-7 of the gene encod-
ing for IL-17 receptor A (IL-17RA), thereby abolishing 
IL-17 signaling in the targeted cell population. We found 
that deletion of IL-17RA on lymphocytes (alpha/beta T 
cells and B cells) did not alter the disease course of EAE 
mice immunized with myelin oligodendrocyte glycopro-
tein (MOG) peptide. In contrast – depending on the cell 
type – deletion of IL-17 signaling in the central nervous 
system (CNS) as the target organ of EAE pathogenesis 
caused a variety of disease-modifying effects. Interfer-
ence at the level of the blood-brain barrier (CNS endo-
thelial cells, astrocytes) resulted in a partially delayed and 
less severe disease course, accompanied by a significantly 
improved recovery phase in these mice. However, the 
pattern of CNS-infiltrating immune cells upon immuniza-
tion was changed only quantitatively but not qualitatively. 
Similar results were obtained in mice where IL-17 signal-
ing was silenced in NG2-positive glial cells. An opposite 
phenotype, however, could be detected when IL-17RA 
was deleted in CX3CR1-positive cells in the CNS, target-
ing mainly microglia but also perivascular and meningeal 
macrophages. Here, the abolished IL-17 signaling led to 
a more severe EAE course, pointing to a regulatory role 
for these CNS-resident myeloid cell populations. At this 
point we conclude that CNS-resident cells are the major 
targets of IL-17 signaling in EAE and potentially also MS. 
Importantly, the response to IL-17 is highly complex and 
needs to be considered on a cell type-specific basis for 
potential therapeutic interventions.

276 
Defective Induction of Tolerogenic Myeloid DCs 
by IL-27 in Relapsing MS encompass multiple 
immune check points molecules  

Felipe Von Glehn(1) - Gopal Murugayan(1) - Keren Regev(1) 
Vanessa Beynon(1) - Chantal Kuhn(1) - Maria Antonietta 
Mazzola(1) - Sushrut Jangi(1) - Pia Kivisakk(1) - Roopali 

Gandhi(1) - Howard Weiner(1) - Clare Baecher-Allan(1)

Brigham And Women’s Hospital, Harvard Medical School/ 
Department Of Neurology, Boston, United States(1)

Background: Encephalitogenic T-cells that invade the CNS 
are believed to play a central role in Relapsing Multiple 
Sclerosis (RRMS). Dendritic cells (DC) both interact with 
the local inflammatory microenvironment and regulate T-
cell activation and differentiation. As compared to healthy 
donors, RRMS patients present lower levels of circulat-
ing IL-27 which is known to have inhibitory effects on 
both inflammatory T-cells and DCs; although the mecha-
nism is unclear. Objective: To investigate the mechanisms 
whereby IL-27-primed myeloid dendritic cells (mDCs) 
tolerize the activation and alter the polarization of T-cells 
in healthy controls (HC) and to determine if these mecha-
nisms are functional in cells isolated from patients with 
MS. Methods: mDCs and naïve CD4 T cells are isolated 
by FACS sorting from PBMCs derived from patients or 
HCs. The RNA transcriptome of both Freshly isolated and 
activated mDCs that were stimulated with or without IL-
27 was obtained by RNA-Seq.  The expression of inhibi-
tory immune molecules (e.g. PD-L1, PD-L2, and IDO) 
was examined by FACS on the initial populations as well 
as after IL-27 treatment to determine whether these mol-
ecules play a role in IL-27 regulation of mDC-mediated 
tolerance. The activated DCs were also co-cultured with 
naïve T-cells to determine the affect on T-cell proliferation 
and cytokine secretion, as measured via LUMINEX. Re-
sults: We found that the ex-vivo mDCs isolated from pa-
tients with RRMS exhibited decreased mRNA expression 
of PD-L1, PD-L2 and IDO as compared to HC mDCs. In 
addition, the in vitro activated patient-derived mDCs were 
found to respond to IL-27 treatment with decreased PD-L2 
expression as compared to similarly activated HC mDCs 
(p<0.01). In HCs, the IL-27 mediated induction of PD-
L2 in stimulated mDCs involved the expression of IL-10 
as neutralizing IL-10 abrogated IL-27-mediated induction 
of PD-L2 (p<0.01). Lastly, In HCs, T-cells cultured with 
IL-27 pretreated mDCs exhibited reduced proliferation 
and production of pro-inflammatory cytokines (IL17F, 
IL23, TNF-alpha) but an increase in secretion of IL-10. 
This tolerogenic effect of IL-27 was not observed in the 
T/mDC co-cultures of isolated from untreated RRMS pa-
tients and was partially reverted in IFN-beta treated pa-
tients. Conclusion: We found that IL-27 induced tolero-
genic function in mDCs involved increased expression of 
IL10, IFN-alpha and IDO, and the immune check point 
proteins PDL1 and PDL2. Importantly, it appears that the 
IL-27 mediated induction of these inhibitory molecules is 
impaired in cells isolated from patients with RRMS.
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277 
Phosphorylation of alphaB-crystallin supports 
reactive astrogliosis in demyelination 

Hedwich F. Kuipers(1) - Jane Yoon(1) - Johannes Winderl(1) 
Jack Van Horssen(2) - May Han(1) - Theo Palmer(3)  
Lawrence Steinman(1)

Stanford University, Neurology and Neurological Sciences, 
Stanford, CA, United States(1) - VU University Medical 
Center, Molecular Cell Biology and Immunology, Amsterdam, 
Netherlands(2) - Stanford University, Neurosurgery, Stanford, 
CA, United States(3)

The small heat shock protein alphaB-crystallin (CRYAB) 
is expressed by oligodendrocytes and astrocytes and has 
been implicated in multiple sclerosis (MS) pathogenesis. 
In this study, we evaluated the role of CRYAB in early 
demyelination. Using the cuprizone model of MS, we 
found that endogenous CRYAB expression is associated 
with increased severity of demyelination. In addition, we 
observed a strong correlation between the expression of 
CRYAB and the extent of reactive astrogliosis in demy-
elinating lesions and in in vitro assays. 
Moreover, as a molecular chaperone, CRYAB is thought 
to exert its biological function through binding of un-
folded and misfolded proteins. One of the most important 
post-translational modifications of CRYAB is phosphory-
lation at three serine residues (Ser19, Ser45 and Ser59), 
which affects both the localization and function of the 
protein. Using phosphospecific antibodies, we found that 
CRYAB is differentially phosphorylated in astrocytes in 
active demyelinating MS lesions, as well as in cuprizone-
induced lesions, and that this phosphorylation is required 
for the reactive astrocyte response associated with demy-
elination. Furthermore, taking a proteomics approach and 
using a pull-down assay with these antibodies we identi-
fied proteins that are bound by the phosphorylated forms 
of CRYAB in primary cultured astrocytes. This analysis 
revealed that there is clear differential binding of protein 
targets due to the specific phosphorylation of CRYAB. 
Subsequent Ingenuity Pathway Analysis of these targets 
yielded implications for intracellular pathways and bio-
logical processes that could be affected by these modifica-
tions. Further analysis of the individual targets of phos-
phorylated CRYAB will reveal the impact of its binding to 
these targets on astrocyte biology and neuroinflammation.
Together, our study demonstrates that astrocytes play a 
pivotal role in demyelination, making them a potential 
target for therapeutic intervention, and that phosphoryla-
tion of CRYAB is a key factor supporting the pathogenic 
response of astrocytes to oligodendrocyte injury.

278 
FoxP3+ regulatory T cells use heparanase to strip 
IL-2 from the extracellular matrix at sites of 
autoimmune inflammation 

Hedwich F. Kuipers(1) - Ben Falk(2) - Kathleen Braun(2)  
Michael Kinsella(2) - Israel Vlodavsky(3) - Gerald Nepom(4) 
Thomas Wight(2) - Paul Bollyky(1)

Stanford University, Medicine, Stanford, CA, United States(1) - 
Benaroya Research Institute, Matrix Biology Program, Seattle, 
WA, United States(2) - Technion-Israel Institute of Technology, 
Cancer & Vascular Biology Research Center, Haifa, Israel(3) 
Benaroya Research Institute, Diabetes Research Program, 
Seattle, WA, United States(4)

In healthy individuals, immune responses are resolved 
by populations of Foxp3-expressing regulatory T 
cells (Treg).  There are strong indications that Treg 
homeostasis and function is impaired in multiple 
sclerosis (MS) patients. However, the tissue factors that 
control homeostasis of Treg in central nervous system 
(CNS) tissue are poorly understood. 
A critical factor that governs Treg homeostasis is the cy-
tokine interleukin 2 (IL-2). However, most IL-2 in vivo is 
rapidly sequestered within the extracellular matrix (ECM) 
where it is bound to heparan sulfate (HS)-containing pro-
teoglycans. Here, we have identified a novel role for the 
HS-degrading enzyme heparanase (HPSE) and HS-bound 
IL-2 in the survival of Treg in peripheral tissues, in the 
setting of autoimmune demyelination. 
We have observed that HPSE is more highly expressed 
on Treg than on conventional T cells and that this HPSE 
expression is regulated by the availability of IL-2. In ad-
dition, we show that Treg can utilize HS-bound IL-2 for 
the maintenance of Foxp3 expression and survival in vitro. 
Moreover, we find that Foxp3+ Treg from HPSE-/- mice 
are impaired in their ability to utilize HS-bound IL-2. Like-
wise, treatment of wild type Treg with a HPSE inhibitor 
inhibits their ability to access HS-bound IL-2, indicating 
that this capacity depends on functional HPSE expression. 
Consistent with this, HPSE-/- mice have fewer Treg and 
Treg isolated from these animals have impaired homeosta-
sis upon transfer in vivo. Moreover, HPSE-/- Treg and wild 
type Treg treated with PI88 have a markedly reduced abili-
ty to suppress T-cell proliferation in vitro. Furthermore, we 
have established that HPSE-/- Treg are impaired in their 
capacity to reduce disease severity in experimental auto-
immune encephalomyelitis (EAE), a mouse model of MS. 
Taken together, we propose that Treg utilize HPSE to gain 
access to IL-2 sequestered in the ECM at sites of autoim-
mune inflammation and that this is a fundamental mecha-
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nism for Treg survival and function in autoimmunity in 
general and MS in particular.

295 
Priming of pathogenic lymphocytes: Role of 
CCR2+ Ly6Chi Monocytes  

Ana Amorim - Andrew L. Croxford - Sarah Mundt  
Burkhard Becher
Institute Of Experimental Immunology, University Of Zürich, 
Zurich, Switzerland

Multiple sclerosis (MS) is a debilitating T cell mediated 
autoimmune disease of the central nervous system (CNS) 
and most aspects of this disease are represented in its ani-
mal model, experimental autoimmune encephalomyelitis 
(EAE), which is driven by the activation and infiltration of 
auto-reactive CD4+ T cells into to the CNS. The crosstalk 
between antigen presenting cells (APCs) and T cells plays 
a central role in the recognition of myelin epitopes, impor-
tant for priming and differentiation of autoreactive effector 
T cell subsets and required for the initiation and progres-
sion of EAE. Therefore understanding the contribution 
and role of peripheral and CNS resident and infiltrating 
APCs is important for identifying possible therapeutic 
interventions. Using conditional mutant mice, we deleted 
the major histocompatibility complex class II (MHC II) in 
specific subpopulations throughout the myeloid lineages 
to understand the interactions and influence of each cell 
subset in T cell priming and CNS inflammation. Whereas 
classical DCs do not seem to be required for priming of 
encephalitogenic T cells, selective depletion of MHCII in 
inflammatory DCs (CCR2+ ly6Chi) prior to disease onset 
strongly reduced central nervous system autoimmunity. 
Interestingly the absence of MCHII in CCR2+ ly6Chi 
monocytes after disease onset has no impact on clinical 
disease, suggesting a role for CCR2+ ly6Chi monocytes 
in early T cell priming in lymph nodes but not in the in-
flamed CNS.  The identification of the T cell priming APC 
in the context of EAE has implications for cell-mediated 
immune responses in general and chronic inflammatory 
diseases in particular.

296 
Epigenomic changes in monocytes from MS 
patients with high Body Mass Index and related 
murine EAE model 

Kamilah Castro(1) - Maria Petracca(2) - Yunjiao Zhu(1) 

Mar Gacias(1) - Corey T Watson(1) - Peter Kosa(3) - Tamjeed 
Sikder(1) - Jessica Zhang(1) - Payal Naik(1) - Yadira 
Bencosme(2) - Shelly Phelps(2) - Michael Kiebish(4) 
Andrew Sharp(1) - Bibi Bielekova(3) - Matilde Inglese(2) 
Ilana Katz Sand(2) - Patrizia Casaccia(1)

Icahn School Of Medicine At Mount Sinai, Neuroscience, New 
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Of Neurological Disorders And Stroke, Neurology, Bethesda, 
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United States(4)

The importance of Body Mass Index (BMI) on Multiple 
Sclerosis (MS) on disease course remains to be deter-
mined.  In this study we assessed the impact of high (≥25) 
and low BMI (<25) in RRMS patients, by examining clin-
ical disability, brain imaging and immunophenotyping.  
While there were no significant differences in clinical dis-
ability, MRI metrics highlighted decreased brain volume 
in high BMI subjects compared to low BMI and immune 
profiling revealed a positive correlation between BMI 
and peripheral monocyte counts. To gain insight into po-
tential functional consequences of high BMI on immune 
cells, we performed an unbiased epigenomic profiling of 
monocytes and metabolomic analysis of plasma.  We de-
tected DNA methylation changes in genes related to hu-
man monocyte function. We validated these findings in a 
murine EAE model on high fat diet, which showed greater 
monocytic infiltration in the spinal cord and more severe 
clinical outcome than controls. Metabolomic profiling of 
plasma samples revealed interesting differences in metab-
olites between the high and low BMI groups and identi-
fied potential links with the regulation of transcription in 
monocytes.  Exposure of human monocytes to different 
concentrations of these metabolites partially recapitulated 
the DNA methylation changes detected in RRMS patients. 
These findings suggest that metabolic changes modulate 
DNA methylation in monocytes and promote their pro-
inflammatory phenotype that potentially contributes to in-
creased central nervous system tissue destruction in MS. 
The clinical impact of these findings will require longitu-
dinal assessment of MS disease course and careful phe-
notyping.

297 
The gateway reflexes, novel neuro-immune 
interactions, are critical for the development of 
mouse models of multiple sclerosis 
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Daisuke Kamimura - Yasunobu Arima - Andrea Stofkova 
Naoki Nishikawa - Yukihiro Sakashita - Kotaro Higuchi  
Takuto Ohki - Masaaki Murakami
Molecular Neuroimmunology, Institute For Genetic Medicine, 
Graduate School Of Medicine, Hokkaido University, Sapporo, 
Japan

Central nervous system (CNS) is an immune-privileged 
tissue protected by brain-blood barrier (BBB). In 
the case of inflammatory diseases in CNS including 
multiple sclerosis (MS), however, autoreactive T cells 
that attack myelin proteins can pass through BBB. 
Despite wide distribution of myelin antigens within 
CNS, demyelination often occurs as discrete foci. This 
fact suggests that there might be a certain signal that 
guides autoreactive T cells to particular sites. Using 
experimental autoimmune encephalomyelitis (EAE), 
we identified dorsal vessels of the fifth lumbar (L5) 
spinal cord as the initial gateway for immune cells. The 
gateway formation requires enhanced expression of 
CCL20 (chemokine for Th17 cells) at L5 vessels. We 
concluded that the gateway formation is regulated by 
gravity-mediated sensory-sympathetic neural reflexes 
because(1) L5 sensory neurons are connected to anti-
gravity soleus muscles,(2) tail suspension of EAE 
mice downregulated CCL20 in L5 vessels,(3) electric 
stimulations to the soleus muscles in tail-suspended mice 
restored CCL20 levels,(4) c-Fos expression increased at 
L5 sympathetic ganglion, and (6) blockade of adrenergic 
receptor inhibited CCL20 expressions and EAE 
symptoms. This neuro-immune interaction via sensory-
sympathetic communications, which leads to changes 
in the status of blood vessels, is named “gateway 
reflex”. In addition to the gravity gateway reflex, we 
found that electric stimulations to different muscles 
increase chemokine levels at dorsal vessels of different 
spinal cord levels. Furthermore, we revealed that pain 
triggers EAE relapse via gateway reflex. We found the 
pain gateway reflex: pain induction by nerve ligation 
or capsaicin treatment led to accumulation of activated 
monocytes around ventral L5 vessels in CX3CL1-
dependent manner. Nociceptor blockade, depletion 
of activated monocytes or chemical sympathectomy 
suppressed the pain gateway reflex-induced EAE relapse. 
These results highlight the disease-modifying effects of 
neural activations and offer the manipulation of gateway 
reflexes as a novel therapeutic strategy for CNS diseases 
including MS.

300 
B Cells from Blood of Patients with Relapsing 
Remitting Multiple Sclerosis Induce Death in 
Human and Rat Neurons 

Robert Lisak(1) - Liljana Nedelkoska(1) - Hanane Touil(2)  
Joyce Benjamins(1) - Rui Li(2) - Amit Bar-or(2)

Department Of Neurology, Wayne State University School 
Of Medicine, Detroit, Mi, United States(1) - Department Of 
Neurology, Mcgill University, Montreal, Canada(2)

There is increasing interest in the role of B cells in the 
pathogenesis of multiple sclerosis (MS) including those 
unrelated to their maturation into plasmablasts and plasma 
cells and subsequent production of immunoglobulins (Ig). 
We previously reported that B cells from patients with re-
lapsing remitting MS (RRMS) secreted factors into the 
culture supernatant (Sup) which were toxic to rat oligo-
dendrocytes (OL) in vitro while Sup from B cells from 
normal controls (NC) did not induce such OL death. Cy-
toxicity was not related to IgM or IgG, nor dependent on 
complement activation, and there was no correlation of 
cytotoxicity with concentrations of 5 known B cell-se-
creted cytokines. We hypothesized that B cell Sup from 
RRMS but not NC would be toxic to neurons as well. Rat 
neurons were obtained from neonatal rats; human neurons 
were purchased from Sciencell and cultured per suppli-
er’s instructions.  Sup were obtained from blood-derived 
B cells of 13 RRMS patients and 13 NC, diluted 1:4 with 
neuronal culture medium, and cultured for 48-96 hours 
with rat neurons. 1:4 Sup from 4 RRMS patients and 3 NC 
were also incubated with human-derived neurons for 72 
hours. Cell death was determined by trypan blue uptake.  
Serum in all media was heat inactivated. IgG and IgM 
were measured as were 35 proteins including cytokines 
and chemokines, using ELISA. Medium alone (B cell me-
dium diluted 1:4 with neuronal medium) was non-toxic. 
Sup from NC induced death in rat neurons of 9.6 + 2.4 % 
SEM above background cell death, whereas values from 
MS Sup were 47.5 + 2.7% SEM. RRMS Sup  also in-
duced death of human neurons (55.9 + 1.9% SEM above 
background compared to 8.8 + 0.8 % SEM with NC Sup). 
Apoptosis was prominent in both rat and human neurons 
treated with RRMS Sup, but near background with NC 
Sup, as determined by TUNEL labeling of neurons immu-
nostained for neurofilament H. There was no correlation 
between cytotoxicity and concentration of IgM or IgG or 
with any individual cytokine tested. We conclude that B 
cells from RRMS patients secrete one or more factors in 
vitro that are toxic to rat and human neurons as well as to 
OL. Cell death was independent of IgM and IgG, not me-
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diated by complement, occurred at least partially by apop-
tosis and did not correlate with individual cytokine con-
centrations. B cells in the meninges could be particularly 
important in mediating subpial cortical demyelination and 
neuronal/axonal damage by secreting one or more non-Ig 
factors. 

301 
Micromilieu CNS requirements for the 
induction of a CD8 T cell-mediated attack on 
oligodendrocytes  

Monica Sanchez-Ruiz(1) - Noelle K. Polakos(2) - Tobias 
Blau(1) - Sandra Maier(1) - Thomas Hünig(2) - Martina 
Deckert(1)

Department Of Neuropathology, University Hospital Of 
Cologne, Cologne, Germany(1) - Institute For Virology And 
Immunobiology, University Of Würzburg, Würzburg, Germany(2)

Introduction: The model system of ODC-OVA transgenic 
mice, which express ovalbumin selectively in the cyto-
plasm of oligodendrocytes, is a suitable tool to identify 
mechanisms how infections may induce an oligodendro-
cyte-specific autoimmune disease. Our previous observa-
tion that an intracerebral, but not a peripheral infection 
with ovalbumin-expressing attenuated Listeria monocy-
togenes (DeltaActALMova) induces inflammatory demy-
elination indicates that the micromilieu of the CNS criti-
cally determines development of autoimmune disease. 
Results: Here, we show that in addition to ovalbumin-ex-
pressing oligodendrocytes presence of the autoantigen in 
the CNS is required for induction of clinical disease. Max-
imal clinical activity is induced by intracerebral DeltaAc-
tALMova. This raises the question how the pathogen con-
tributes to disease. To address the issue whether TLRs are 
pathogenetically involved, we have generated MYD88-/- 
x ODC-OVA mice. To avoid unrestricted bacterial replica-
tion in the absence of MYD88, heat-killed Listeria mono-
cytogenes and ovalbumin were injected intracerebrally. 
In contrast to ODC-OVA mice,  MYD88-/- x ODC-OVA 
mice were resistant. Further narrowing down of the TLRs 
potentially involved demonstrated that TLR7/9 together 
with ovalbumin was able to induce autoimmune disease. 
Conclusion: Collectively, these experiments demonstrate 
that oligodendrocytes are well-protected against an auto-
immune attack. Inflammatory demyelination requires sig-
naling via TLRs and antigen-specific CD8 T cells as well 
as the presence of the autoantigen in the target organ. 

304 
Bone morphogenetic protein signaling as a 
potential therapeutic target for multiple sclerosis 

Herena Eixarch(1,2) - Laura C. Barreiro(1,2) - Mireia  
Castillo (1,2) - Ana Gutierrez-Franco(1,2)  - Vanessa Gil(3,4,5,6) 

Jose Antonio Del Río(3,4,5,6) - Xavier Montalban(1,2)  
Carmen Espejo(1,2)

Servei de Neurologia-Neuroimmunologia, Centre d’Esclerosi 
Múltiple de Catalunya, Vall d’Hebron Institut de Recerca, 
Hospital Universitari Vall d’Hebron, Barcelona, Spain(1) 
Universitat Autònoma de Barcelona, 08193 Bellaterra 
(Cerdanyola del Vallès), Spain(2) - Molecular and Cellular 
Neurobiotechnology, Institute for Bioengineering of Catalonia 
(IBEC), Parc Científic de Barcelona, Barcelona, Spain(3)  
Department of Cell Biology, Physiology and Immunology, 
Universitat de Barcelona, Barcelona, Spain(4) - Centro 
de Investigación Biomédica en Red sobre Enfermedades 
Neurodegenerativas (CIBERNED), Barcelona, Spain(5) - Institut 
de Neurociències Universitat de Barcelona, Barcelona, Spain(6)

Bone morphogenic proteins (BMPs) are critical regula-
tors of brain development, cell proliferation and cell fate. 
BMPs are involved in neurogenesis and in oligodendro-
cyte maturing. Moreover, they are differentially expressed 
in the immune system of multiple sclerosis (MS) patients. 
Thus, BMP signaling might be a potential therapeutic tar-
get for MS. Objective: i) To elucidate the effect of BMP4 
and noggin in neurogenesis and the immune response. ii) 
To characterize the expression of BMP2, 4, 5, 6, 7, BM-
PRII and their antagonist, noggin, in the experimental 
autoimmune encephalomyelitis (EAE) model, in both the 
central nervous system (CNS) and the immune system. 
Methods: For in vitro studies, neurospheres were obtained 
from P15 pups. The effect of BMP4 and noggin on cell 
lineage commitment was assessed by immunochemistry. 
Splenocytes were cultured, challenged with BMP4 and/or 
noggin, and their proliferation capacity was evaluated. In 
in vivo studies, EAE was induced in C57BL/6J mice with 
the MOG35-55 peptide. Spinal cords and spleens were 
removed before EAE induction (basal condition), and in 
the induction (7 post-immunization; p.i.), inflammatory 
(15 p.i.), early chronic (30 p.i.) and late chronic (50 p.i.) 
phases of the disease. After RNA extraction, levels of ex-
pression of BMP2, 4, 5, 6, 7, BMPRII and noggin were 
assessed by RTqPCR. Results: In vitro, neurosphere cul-
tures challenged with BMP4 presented more differentiat-
ed astrocytes, and a higher amount and complexity of neu-
rons. In the immune system, BMP4 and especially noggin 
promoted the proliferation of splenocytes, although the 
combination of both proteins exerted a more pronounced 
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effect. In vivo, we found a general reduction in the ex-
pression of BMPs and noggin in the different phases of 
the experimental disease in the CNS. On the contrary, the 
expression of BMPs in the immune system was elevated 
upon EAE induction, reaching its maximum increase at 
the induction and inflammatory phases of the disease. Al-
together point out a role of these proteins in the induction 
of the inflammatory response in EAE. Conclusions: Our 
findings confirmed the role of BMP4 in astroglial commit-
ment and found a positive effect on the differentiation and 
maturation of neural cells. Moreover, our results suggest 
that BMP signaling is involved in the regulation of the pe-
ripheral and probably in the local immune response. Thus, 
it seems to be relevant in the pathogenesis of EAE and 
could be a potential therapeutic target for MS.

307 
Immunoglobulins G with oxidoreductase activity 
of patients with schizophrenia and multiple 
sclerosis 

Lev Sinianskii(1) - Liudmila Smirnova(2) - Nina Krotenko(1) 
Irina Mednova(1) - Evgeniy Ermakov(3) - Marina Titova(4) 
Valentina Alifirova(4) - Arkadiy Semke(2) - Svetlana 
Ivanova(2)

Mental Health Research Institute, Siberian State Medical 
University, Tomsk, Russian Federation(1) - Mental Health 
Research Institute, Laboratory Of Molecular Genetics And 
Biochemistry, Tomsk, Russian Federation(2) - Novosibirsk State 
University, Department Of Molecular Biology, Novosibirsk, 
Russian Federation(3) - Siberian State Medical University, 
Department Of Neurology And Neurosurgery, Tomsk, Russian 
Federation(4)

Researches over the past decades have led to the discov-
ery of new functions of immunoglobulines, to their ability 
to catalyze a large number of different biochemical reac-
tions. These catalytically active antibodies were named 
abzymes. The abzymes with proteolytic, DNA and RNA 
hydrolysis and other activities were found. The free radi-
cal mechanism of injury is relevant to the pathogenesis 
of multiple sclerosis (MS) and schizophrenia (SCH). This 
stipulates an actuality of determining of oxidoreductase 
activity of IgG along these pathologies. Oxidoreductase 
activities of IgG were not determined before. The study 
included 20 patients with definite diagnosis of MS re-
lapsing-remitting subtype, 20 patients with a diagnosis of 
paranoid schizophrenia, and 22 healthy persons. Age of 
patients with MS was 31 [21-37] years, the age of the ill-
ness start was 23 [19-31] years, score on the EDSS scale 

is 2.5 [2.0-3.5]. The age of patients with SCH was 31.5 
[22-55] years, the average disease duration was 9.9 [3-
8] years. The allocation of IgG was carried out with help 
of affinity chromatography on columns Protein-G-Sep-
harose. The homogeneity of the substances was proved 
by 1D-PADGE. Determination of catalase (CAT), super-
oxidedismutase (SOD), activity of IgG was performed 
by spectrophotometry. Statistical treatment was applied 
in the program  “Statistica 8.0”. IgG in MS and SCH is 
shown the first time to have a CAT, SOD activity. On 
the analysis of the affinity of sorbent, the homogeneity 
of the selected IgG and gel filtration under conditions of 
pH shock the studied activities are proved to be a private 
property IgG. The ability of IgG to catalyze the dismuta-
tion of superoxide radicals to hydrogen hydroperoxide and 
water is found. MS patients showed this catalytic activity 
4.5 times, and schizophrenia ones 2.5 times higher than 
healthy individuals. 50mM triethylenetetramine ferment 
inhibitor of superoxide dismutase inhibited this activity 
in 100% cases of IgG patients and healthy people. 10 mM 
triethylenetetramine gave 12 % inhibition of this the cata-
lytic activity. Identified catalase activity in SCH patients 
is 7 times, and in patients with MS is 3.5 times higher 
than the activity in the healthy group. Enzyme catalase 
inhibitor 3-amino-1,2,4-triazole also inhibited CAT activ-
ity IgG. The activity reduction of antioxidant enzymes in 
these groups of patients is known. Presumably, high activ-
ity of abzymes is compensatory in nature. Supported by 
Grant of RSF № 14-15-00480.

332 
Amelioration of neuroinflammation by the 
alpha 7 nicitinic acetylcholine receptor allosteric 
agonist and positive allosteric modulator GAT107 

Tehila Mizrachi(1) - Karen Bursin(1) - Yael Ben-david(2) - 
Abhijit R. Kulkarni(3) - Thakur A. Ganesh(3) - Adi Vaknin(1) 
Millet Treinin(2) - Talma Brenner(1)

Hadassah Medical Center, Neurology, Jerusalem, Israel(1) - 
Hebrew University Medical School, Medical Neurobiology, 
Jerusalem, Israel(2) - School Of Pharmacy, Northeastern 
University, Pharmaceutical Sciences, Boston, United States(3)

Multiple Sclerosis (MS) is an autoimmune disease of the 
central nervous system (CNS) characterized by myelin 
damage that can lead to neuronal death, and different lev-
els of paralysis. Experimental autoimmune encephalomy-
elitis (EAE) is the animal model used for the study of MS 
and for testing potential new therapies. The alpha7 nico-
tinic acetylcholine receptor (nAChR) negatively regulates 
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the synthesis and release of pro-inflammatory cytokines 
by macrophages and T-cells. Our previous studies showed 
that in encephalitogenic T-cells alpha7 nAChR expression 
is up-regulated. And following immune stimulation, this 
receptor can act as a possible anti-inflammatory target. 
The alpha7 nAChR agonists represent novel therapeu-
tic agents for modulation of CNS inflammation. In the 
present study we used the alpha7 allosteric agonist and 
positive allosteric modulator GAT107 in EAE. EAE was 
induced in C57 bl mice by MOG peptide. GAT107 treat-
ment for 9 days effectively reduced EAE severity by 70% 
and disease incidence by 50%. The treatment reduced T-
cell proliferation in response to an encephalitogenic anti-
gen, as well as the production of Th1 (Interferon gama) 
and Th17 cytokines. IL-10 the anti-inflammatory cytokine 
production was increased under the same setting.  Further-
more, the expression of several immune cell markers was 
altered by GAT107 treatment, inducing significant reduc-
tion in CD11b macrophages, CD11c dendritic cells and 
of the chemokine receptor CCR5. Thus, our results show 
that the alpha 7 PAM GAT 107 can be a useful molecule 
for harnessing the cholinergic anti-inflammatory pathway 
for modulation or down-regulation of neuro-inflammation 
in EAE and MS. 

354 
Factor X inhibition ameliorates experimental 
autoimmune encephalomyelitis 

Monika Merker(1) - Susann Pankratz(1) - Alexander 
Herrmann(1) - Heinz Wiendl(1) - Christoph Kleinschnitz(2) - 
Kerstin Göbel(1) - Sven G. Meuth(1)

Department Of Neurology, University Hospital Muenster, 
Muenster, Germany(1) - Department Of Neurology, University 
Hospital Wuerzburg, Wuerzburg, Germany(2)

Enhanced immune cell trafficking into the central nervous 
system (CNS) and disruption of the blood brain barrier 
are pathophysiological hallmarks of neuroinflammatory 
disorders like multiple sclerosis (MS) and its animal mod-
el, experimental autoimmune encephalomyelitis (EAE). 
However, recent studies suggest that the coagulation 
system might also be involved in MS development. For 
instance, it was shown that various coagulation factors 
like fibrinogen, thrombin and factor XII are involved in 
neuroinflammation. Another important player in the co-
agulation cascade is factor X (FX), which is also known 
to be involved in inflammatory diseases like inflamma-
tory bowel disorders. In this study, we investigate the role 
of FX in neuroinflammation by using the highly selective 

FXa inhibitor rivaroxaban in EAE. Therefore, Lewis rats 
were immunized with myelin basic protein and subjected 
to rivaroxaban-containing diet (2.1 mg/kg body weight) 
7 days prior immunization over the course of the experi-
ment. Rivaroxaban-treated Lewis rats showed a signifi-
cantly ameliorated disease course after EAE induction 
compared to the carrier-treated control group. This find-
ing was accompanied by a reduced infiltration of T cells, 
macrophages and microglia within the CNS. Furthermore, 
T cells showed a lower activation status, whereas the im-
mune cell distribution itself was unaltered. These findings 
support the hypothesis of a cross-link between coagula-
tion and inflammation and identify FX as a possible thera-
peutic target in neuroinflammatory disorders. 

355 
The nuclear receptor Nur77 restricts T cell 
responses and limits central nervous system 
autoimmunity  

Marie Liebmann(1) - Stephanie Hucke(1) - Tanja 
Kuhlmann(2) - Heinz Wiendl(1) - Luisa Klotz(1)

Department Of Neurology, University Hospital Muenster, 
Muenster, Germany(1) - Institute For Neuropathology, University 
Of Muenster, Muenster, Germany(2)

The orphan nuclear receptor Nur77 is upregulated in T 
cells during T cell receptor (TCR)-mediated clonal dele-
tion of immature thymocytes and is involved in autoreac-
tive T cell responses during autoimmunity. Therefore, we 
investigated the role of Nur77 in modulation of human 
and murine T cell responses in vitro. Further, we charac-
terised autoreactive T cell responses in vivo by using the 
animal model of Multiple Sclerosis (MS), i.e. experimen-
tal autoimmune encephalomyelitis (EAE). During TCR-
triggering in vitro T cells express Nur77 after 4 hours. 
Nur77 deficiency in T cells resulted in an increased pro-
liferation and an enhanced potential to differentiate into 
pathogenic TH1 and TH17 cells, both in an antigen spe-
cific and unspecific setting. Importantly in vivo, Nur77 
knockout mice exhibited significantly aggravated EAE 
score after active immunization with MOG35–55 peptide 
compared to wildtype controls. This aggravated disease 
course was accompanied by an enhanced differentiation 
of TH1 and TH17 cells as well as enhanced expression 
of immune-stimulatory molecules such as MHC-II and 
CD40 on antigen-presenting cells. Adoptive transfer of 
MOG35-55-reactive T cells from Nur77 knockout mice 
into healthy wildtype recipient mice lead to an aggravated 
EAE disease course, which strongly supports the hypoth-
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esis that Nur77 plays a role in limiting autoimmune T cell 
responses. These data further indicate that the observed 
phenotype is caused by Nur77 deficiency on T cells. Im-
portantly, Nur77 is also expressed in human T cells after 
TCR-triggering and the short interfering RNA-mediated 
knockdown of Nur77 in activated human T cell lead to 
an enhanced differentiation of TH1 and TH17 cells. Inter-
estingly, Nur77 expression is altered in relapsing-remit-
ting MS patients, which underpins the important role of 
Nur77. In summary, Nur77 limits CNS autoimmunity by 
restricting T cell proliferation and differentiation into TH1 
and TH17 effector cells. Therefore, activation of Nur77 is 
a promising approach to limit local activation of autoreac-
tive T cells in autoimmune diseases such as MS.

367 
Delayed onset and reduced disease severity 
of spontaneous central nervous system 
autoimmunity by conjugated linoleic  
acid-rich diet 

Stephanie Hucke(1) - Marvin Hartwig(1) - Ann-Katrin 
Fleck(1) - Matrin Herold(1) - Kerstin Berer(2) - Marie 
Liebmann(1) - Ivan Kuzmanov(1) - Berit Grützke(1) 
Angelos Sagredos(3) - Maria Eveslage(4) - Catharina 
C. Gross(1) - Gurumoorthy Krishnamoorthy(2) - Tanja 
Kuhlmann(5) - Heinz Wiendl(1) - Luisa Klotz(1)

Department Of Neurology, University Of Muenster, Muenster, 
Germany(1) - Department Of Neuroimmunology, Max Planck 
Institute Of Neurobiology, Martinsried, Germany(2) - Trofocell 
Research And Trade GmbH, Trofocell Research And Trade 
Gmbh, Hamburg, Germany(3) - Institute Of Biostatistics 
And Clinical Research, University Of Muenster, Muenster, 
Germany(4) - Department Of Neuropathology, University Of 
Muenster, Muenster, Germany(5)

Intrinsic protective immune-regulatory pathways in mul-
tiple sclerosis (MS) are still rarely characterized but ex-
hibit the potential for therapeutic interventions comple-
mentary to conventional therapies. Recently, the role of 
environmental influences on MS disease susceptibility 
and activity has become more important. For instance, 
nutritional factors are known as potent modulators of the 
gut-central nervous system (CNS)-axis, which can af-
fect CNS autoimmunity. In a spontaneous mouse model 
of CNS autoimmunity in mice harboring myelin oligo-
dendrocyte glycoprotein (MOG)-specific T and B cells, 
we investigate the effects on clinical features and im-
munological alteration of dietary supplementation with 
conjugated linoleic acid (CLA), a fatty acid that can be 

found in several dairy products and meat. Continuously 
CLA-treated mice exhibit a significantly delayed disease 
onset as well as a significantly ameliorated disease course, 
which was accompanied by a profoundly reduced CNS 
inflammation. The peripheral responses of T cells but not 
of B cells were strongly inhibited in these mice, whereas 
the frequencies of intestinal and splenic regulatory T cells 
were increased. Further experiments revealed, that CLA-
treated MOG-specific CD4+ T cells are less susceptible 
towards antigen-specific activation without impacting T 
cell survival, which could partly explained by CLA me-
tabolites as mediators. Together, these data illustrate the 
therapeutic potential of dietary fatty acid supplementation 
as novel complementary strategy to improve CNS autoim-
munity via the gut-CNS-axis. 

382 
Electrophysiological brain networks in patients 
with Multiple Sclerosis: an exploratory study 
TMS-EEG study

Vasilios K Kimiskidis(1) - Vasilios Papaliagkas(1) - Zoi 
Kouvatsou(2) - Elvira Masoura(2) - Christos Koutlis(3) - Elsa 
Siggiridou(3) - Maria Karagianni(2) - Georgia Zafeiridou(1) 
Maria-Heleni Kosmidis(2) - Grigorios Kioseoglou(2) - 
Dimitris Kugiumtzis(3) 
Laboratory of Clinical Neurophysiology, AHEPA University 
Hospital, Thessaloniki, Thessaloniki 54124, Greece(1) 
Department of Psychology, Aristotle University of Thessaloniki, 
Thessaloniki 54124, Greece(2) - Department of Electrical and 
Computer Engineering, Aristotle University of Thessaloniki, 
Thessaloniki 54124, Greece(3)

Background: EEG-based neurophysiological approaches 
are well-suited for exploring brain connectivity in Mul-
tiple Sclerosis (MS) due to their excellent time resolution 
but remain underutilized. 
Objective: The study was designed in order to construct 
brain networks in patients with MS in three different con-
ditions (at rest, during activation with a Working memory 
task and under the perturbational effects of Transcranial 
Magnetic Stimulation (TMS)) using a number of brain 
connectivity measures.
Subjects and Methods: Ten patients fulfilling the Poser’s 
clinical criteria for definite MS entered the study after 
giving informed consent for the procedures which were 
approved by an institutional ethics committee and  per-
formed in accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki.  Exclusion criteria 
include severe cognitive decline and inability to under-
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stand and sign the informed consent or comply with the 
experimental procedures. hd-EEG was performed in  elec-
trically shielded conditions using a 64-channel TMS com-
patible hd-EEG device (eXimia, Nexstim Oy,Finland).   
Brain networks were constructed in artifact free epochs 
using  linear and non-linear measures  of brain connec-
tivity. Study participants were tested with a battery of 
neuropsychological tests assessing the following cogni-
tive domains: information processing speed, psychomotor 
functioning, attention, verbal memory, working memory, 
executive functioning and visuospatial memory. Individu-
al subjects’ scores were converted to z-scores the average 
of which provided an overall cognitive score. Thereafter, 
the composite neuropsychological performance as well as 
individual cognitive domain scores were correlated with 
electrophysiological brain network parameters. 
Conclusion: The investigation of brain connectivity with 
hd-EEG combined with TMS is a promising technique for 
exploring cognition in patients with MS that warrants fur-
ther study.

384  
Chondroitin sulfate proteoglycans in perivascular 
cuffs: A novel mediator of neuroinflammation in 
multiple sclerosis

Erin Stephenson - Manoj Mishra - Daniel Moussienko  
V. Wee Yong 
University of Calgary, Canada

Background: Focal areas of injury in the central nervous 
system (CNS), with profound destruction of myelin and 
axons, are the hallmarks of the chronic inflammatory and 
degenerative disease multiple sclerosis (MS). MS also 
presents with changes in the extracellular matrix, a net-
work of molecules involved in maintaining brain architec-
ture. A major component of the extracellular matrix is the 

chondroitin sulfate proteoglycans (CSPGs), which have 
roles beyond functional support, including the capacity to 
propagate neuroinflammation. CSPGs are observed at the 
border of active demyelinating lesions in MS and reduced 
in the center (Sobel and Ahmad, JNEN 60:1198, 2001). 
However, the effects of CSPGs on MS pathology remains 
uncharacterized, as well as the role of specific CSPG 
members. Objectives: Our goals were to characterize the 
changes of CSPGs over the course of an inflammatory 
model of MS (EAE), focusing on areas of inflammation 
and the potential pro-inflammatory aspects of CSPGs, and 
to revisit the expression of CSPGs in MS. Methods: EAE 
was induced in C57Bl/6 mice with MOG35-55 and CSPG 
transcripts and protein were evaluated by real-time PCR 
and immunohistochemistry, respectively. Bone marrow-
derived macrophages were treated with CSPGs for 24 
hours and a TNFα ELISA and MMP luminex analyzed 
changes in activity. Migration was assessed with a boyden 
chamber assay; bone marrow-derived macrophages were 
plated in an upper filter in the presence of CSPGs, LPS, or 
medium, and allowed to migrate for 16 hours. Results: At 
peak clinical severity of EAE, there was upregulation of 
the CSPG subfamily, versicans, in the CNS.  The CSPG 
members were prominently elevated in perivascular cuffs 
in the CNS of MS patients and animals with EAE. Peri-
vascular cuffs may represent immune checkpoints, where 
leukocytes accumulate prior to CNS entry. In support, 
CSPGs added to cultures of macrophages promoted TNFα 
and MMP production, and enhanced their migration. Con-
clusions: We made the novel discovery that the CSPG ver-
sican and CSPG side chains are prominently elevated in 
perivascular cuffs in MS patients and animals with EAE. 
CSPGs enhance activity of macrophages, including MMP 
and TNFα production, and migratory ability. These re-
sults provide a novel insight into the upregulation of CSP-
Gs and their ability to enhance immune responses. Thus, 
CSPGs are novel therapeutic targets in MS to alleviate 
neuroinflammation, neuropathology and clinical severity.

274 
Towards an improved classification of relapsing 
demyelinating syndromes of the central nervous 
system in children 

Yael Hacohen(1) - Kshitij Mankad(2) - W. Kling Chong(2)  
Frederik Barkhof(3) - Ming Lim(4) - Evangeline Wassmer(5) 
Olga Ciccarelli(6) - Cheryl Hemingway(1)

Great Ormond Street Hospital For Children, Department Of 

Pediatric MS

Paediatric Neurology, London, United Kingdom(1) - Paediatric 
Neuroradiology, Great Ormond Street Hospital For Children 
Hospital, London, United Kingdom(2) - Institutes Of Neurology 
And Biomedical Engineering, Ucl, London, United Kingdom(3) 
-Children’s Neurosciences, Evelina Children’s Hospital, Guy’s 
And St Thomas’ Nhs Foundation Trust, King’s Health Partners 
Academic Health Science C, London, United Kingdom(4) 
Department Of Paediatric Neurology,, Birmingham Children’s 
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Hospital, Birmingham, United Kingdom(5) - Department Of 
Neuroinflammation, Queen Square Ms Centre, Ucl Institute Of 
Neurology, London, United Kingdom(6)

Background: Paediatric relapsing demyelinating syn-
dromes (RDS) of the CNS define a group of diseases with 
different phenotypes. MRI findings and blood biomark-
ers, such as AQP4 antibodies (Abs), are an integral part 
of the diagnostic criteria for patients with multiple scle-
rosis (MS) and neuromyelitis optica spectrum disorder 
(NMOSD) respectively. 
We investigated a large cohort of paediatric RDS using 
clinical assessments, MRIs and laboratory tests, to ex-
plore whether the diagnostic process of RDS could be 
simplified and improved.
Methods: Children with RDS were recruited from three 
paediatric neurology centres (2 in London and 1 in Bir-
mingham) between September 2014 and September 2015. 
Data including demographics, clinical findings and labo-
ratory results were reviewed by an adjudication panel and 
clinical diagnosis confirmed. Brain and spinal cord MRI 
scans were reviewed by a neuroradiologist, blinded to the 
clinical diagnosis.
Results: 62/110 (56.4%) children were diagnosed with MS, 
and the remainder 48/110 (43.6%) were diagnosed as fol-
lows: 28/110 (25.4%) with NMOSD, 14/110 (12.7%) with 
multiphasic disseminated encephalomyelitis (MDEM), 
and 6/110 (5.4%) with relapsing idiopathic optic neuri-
tis (RION). Blinded MRI review revealed abnormalities 
typical of adult MS in 97% of paediatric MS cases, which 
were absent in 100% of children with RDS other than 
MS. MOG and AQP4-Abs were found exclusively in the 
non-MS group (34/41, 83% vs 0/56, p<0.0001). OCBs 
were more frequent in the MS group (52/57, 91% vs 6/42, 
14%, p<0.001) as was EBV-IgG (48/48, 100% vs 12/26, 
46%, p<0.001). AQP4-Abs were seen exclusively in the 
NMOSD group, while MOG-Abs were seen in 58% of 
NMOSD patients (none of which had AQP4-Ab), 100% 
of MDEM and 33% of RION. AQP4-Ab positive chil-
dren were older, were more likely to present with area 
postrema syndrome, had higher EDSS and a shorter time 
to relapse than patients with MOG-Abs. MOG-Ab posi-
tive cases presented with ill-defined lesions often involv-
ing the cerebellar peduncles (54%), frequently at time of 
relapse. This was absent in AQP4-Ab cases, who instead 
showed involvement of the dorsal brainstem (88%). 
Conclusion: Paediatric MS has the same clinical, CSF and 
MRI features as adult MS, but differs from other paediat-
ric RDS. Children with MOG-Ab differ in their presenta-
tion and in MRI pattern from MS and NMOSD AQP4-
Ab positive. Combining blood, CSF and MRI biomarkers 

with clinical features improves classification of paediatric 
RDS.

364 
Preconditioned MSCs treat myasthenia gravis in 
a humanized preclinical model 

Muriel Sudres(1) - Marie Maurer(1) - Marieke Robinet(1) 
Jacky Bismuth(1) - Frédérique Truffault(1) - Nadine 
Dragin(1) - Elie Fadel(2) - Nicola Santelmo(3) - Camille 
Sicsic(4) - Talma Brenner(4) - Sonia Berrih-Aknin(1)

Center of Research in Myology, Sorbonne Universités, UPMC, 
INSERM U974,CNRS FRE 3617, Institute of Myology, Paris, 
France(1) - Centre Chirurgical Marie Lannelongue, Le Plessis 
Robinson, France(2) - Hôpital Civil de Strasbourg, Strasbourg, 
France(3) - Department of Neurology, Hadassah Hebrew 
University Medical Center, Jerusalem, Israel(4)

Myasthenia gravis (MG) with anti-acetylcholine recep-
tor (AChR) antibodies (Abs) is an autoimmune disease 
characterized by severe defects in immune regulation and 
thymic inflammation. Patients need long-term therapies 
that induce severe side-effects. Mesenchymal stem cells 
(MSCs) display immunoregulatory features that could be 
modulated by inflammatory signals. 
To develop a novel therapy for MG, we investigated 
whether and how in vitro-preconditioned human MSCs 
(cMSCs) could treat MG disease in a new humanized 
model of MG. The model was obtained by subcutaneous-
ly grafting thymic MG fragments into immunodeficient 
NOD-scid IL2rgnull strain of mice (NSG-MG model). 
Therapeutic effects of cMSC or resting MSC were com-
pared by monitoring clinical and biological changes. 
The xenogenic thymus remained active for several weeks, 
and human cells were able to circulate and to home into 
mouse lymphoid organs. Ninety percent of the animals 
displayed human anti-AChR Abs in the serum, and 50% 
of the animals displayed myasthenic-like symptoms that 
correlated with the loss of AChR at the muscle end-
plates. Interestingly, each mouse experiment recapitulated 
the MG features of each patient. We demonstrated that 
cMSCs markedly improved MG, reducing the level of an-
ti-AChR Abs in the serum and restoring AChR expression 
at the muscle endplate. Resting MSCs had a smaller ef-
fect. Finally, we showed that the underlying mechanisms 
involved (i) the inhibition of cell proliferation, (ii) the in-
hibition of the TNF pathway and (iii) the activation of the 
complement regulator DAF/CD55. 
In conclusion, this study shows that a preconditioning step 
promotes the therapeutic effects of MSCs via combined 
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mechanisms, making cMSCs a promising strategy for 
treating MG and potentially other autoimmune diseases.

373 
Brain lesion load and anatomic distribution 
in patients with juvenile clinically isolated 
syndrome predicts rapid conversion to multiple 
sclerosis

Shay Menascu - Carolina Legarda - Shmuel Miron  
Anat Achiron
Multiple Sclerosis Center, Sheba Medical Centre Tel 
HaShomer, Israel

Background: Juvenile clinically isolated syndrome (JCIS) 
is defined by the onset of neurological symptomatology 
suggestive of multiple sclerosis (MS) between 12 to 18 
years of age.
Objectives: To assess brain lesion load and anatomical 
distribution in JCIS patients and define MRI variables as-
sociated with rapid conversion to MS.
Methods: Brain MRI data were analyzed form JCIS pa-
tients at onset. Patients were followed for one year and 
those that experienced a second relapse were defined as 
rapid convertors. MRI lesion parameters such as lesion 
load, volume and brain localization were analyzed, and 
compared between sustained JCIS patients and rapid con-
vertors to MS. 
Results: 46 JCIS patients, 17 males and 29 females, 
mean+SE age at onset 15.8±0.4 years were included in 
the study. 
JCIS patients that rapidly converted to MS had higher 
number of lesions in the parietal lobe as compared to sus-
tained JCIS patients. This was evident in the number of 
T2 lesions (3.52 ± 13.37 vs 1.3±2.36; p=0.003), fast flair 
(3.74±3.54 vs 1.3±2.36, p=0.002) and GAD (1±1.65 vs 
0.09±0.29, p=0.004).
Conclusions: Rapid JCIS convertors to MS demonstrate 
higher lesion load manifested in higher number of T2 and 
GAD lesions in the parietal lobe at disease onset.

374 
Cognitive impairment in children and 
adolescents with multiple sclerosis

Shay Menascu - Royi Aloni - Anat Achiron
Multiple Sclerosis Center, Sheba Medical Centre Tel 
HaShomer, Israel

Background: As many as 5% of individuals with multi-
ple sclerosis (MS) develop symptoms during childhood 
or adolescence.  Among disorders in childhood, pediatric 
multiple sclerosis is uniquely challenging. In the context 
of childhood development, it attacks the central nervous 
system with acute waves of inflammation and demyelin-
ation and progresses with a neurodegenerative course. 
Understanding the cognitive impairment of pediatric MS 
and their association is needed to improve the recognition 
and prompt treatment of these issues which critical for 
this patients at that point of time of their development. As 
with adult multiple sclerosis, areas of cognitive deficit can 
vary but often include attention and speeded processing, 
visuomotor functions, memory, and language. 
Objectives: To describe cognitive impairment among chil-
dren and adolescents in Israel with MS referred for assess-
ment to tertiary referral center for multiple sclerosis over 
a period of 4 years ( 2009 to 2015) all with clinically iso-
lated symptom (CIS) or MS according to the International 
Pediatric MS Study Group criteria
Methods: Eligibility criteria included participants who 
were younger than 18 years of age at disease onset (meet-
ing criteria for a diagnosis of pediatric multiple sclerosis 
or clinically isolated syndrome) with no other neurologic 
diagnosis, and to have completed all neuropsychological 
tests. We performed a cross-sectional study analyzed the 
neuropsychological performance of 23 patients (10 boys 
and 12 girls)  age range of 9-18 years with a main age 
range of 13.33 years at the time of their MS diagnosis , 
and main of 14.04 years at the time of their test perform-
ers. Patients who had received treatment with glucocorti-
coids 1 month or less prior to the time of cognitive assess-
ment were excluded.
Results: All the 23 children preformed the NeuroTrax 
computerized testing (which assess performance across 
an array of cognitive domains including: memory, execu-
tive function, visual spatial perception, verbal function, 
attention, information processing speed, and motor skills) 
with over all findings of a normal global cognitive scoring 
(GCS) of 94.5, but low scoring of 88.58 in the executive 
function testing, mainly in the part of planning as can be 
seen during the “catch game” part . Other major abnormal 
findings was found also in the verbal function and mainly 
in rhyming (87.8 ). Also a group of 16 children  (7 girls 
and 9 boys ) with a main age of 14.o6 years  at the time 
of testing performed the neuropsychological screening 
battery for multiple sclerosis (NSBMS) which include a 
controlled oral word association test  and verbal fluency, 
that was impend and in the range of the 20 %.
Conclusions: Cognitive performance in our cohort was 
poorer than healthy population norms. The most frequent-
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ly impaired domains were information processing speed 
and executive function, but also in verbal fluency. As the 
executive function impairment differed significantly from 
expected normal distribution, therapeutic window during 

which this young patients still show a relatively preserved 
global cognition may benefit from different intensive in-
terventions to maintain and preserve their cognitive health 
later on as adults with MS need to be explored.

38 
Establishing the role of miR-150 in Multiple 
Sclerosis and experimental autoimmune 
encephalomyelitis 

Eliane Piket(1) - Lara Kular(1) - William Nyberg(2) - 
Alexander Espinosa(2) - Fredrik Piehl(1) - Maja Jagodic(1)

Karolinska Institute, Dept. Of Clinical Neuroscience, 
Karolinska University Hospital, Stockholm, Sweden(1) - 
Karolinska Institute, Dept. Of Medicine, Karolinska University 
Hospital, Stockholm, Sweden(2)

MicroRNAs (miRNAs) are evolutionary conserved small 
non-coding RNAs that fine-tune protein levels of target 
genes. They are important in the regulation of most biolog-
ical functions and commonly dysregulated in disease. Be-
sides intracellular functions, cell-free miRNAs have been 
detected in various biofluids and have a biomarker poten-
tial. We have previously shown that levels of circulating 
miR-150 were higher in cell-free cerebrospinal fluid (CSF) 
from Multiple Sclerosis (MS) patients compared to con-
trols and clinically isolated (CIS) patients that would sub-
sequently convert to MS compared to those that would not. 
Moreover, levels of miR-150 correlated with markers of 
inflammation indicating inflammatory active disease. Lev-
els in CSF and plasma were affected by treatment with na-
taluzimab and fingolimod, suggesting infiltrating immune 
cells are likely the source of circulating miR-150. MiR-150 
is a lymphoid specific miRNA involved in the development 
and antigen-induced activation of T, B and NK cells. In 
addition it has been shown to be important in regulating 
the permeability of the blood-brain barrier. To further in-
vestigate the role of miR-150 in MS, a miR-150 knock-out 
mouse was created using CRISPR/Cas9 technology which 
will be subjected to experimental autoimmune encephalo-
myelitis (EAE) induction, an experimental model for MS. 
Different in vitro models of central nervous system (CNS) 
cells in combination with miR-150 mimics and inhibitors, 
are being used to assess the effect of miR-150 on pheno-
typic and functional characteristics of these cells. 

62 
Molecular profiling of damage and repair in the 
CSF by translating transcriptome data to CSF 
proteome  

Nellie Anne Martin(1) - Arkadiusz Nawrocki(1) - Martin 
Røssel Larsen(2) - Viktor Molnar(3) - Peter Acs(4) - Miklos 
Palkovits(5) - Finn Sellebjerg(6) - Zoltan Hegedus(7)  
Nicolas Alcaraz(8) - Eudes Barbosa(8) - Jan Baumback(8) 
Zsolt Illes(1)

Department Of Neurology, Odense University Hospital And 
Institute Of Clinical Research, Odense, Denmark(1) 
Department Of Biochemistry And Molecular Biology, University 
Of Southern Denmark, Odense, Denmark(2) - Department Of 
Genetics, Cell- And Immunobiology, Semmelweis University, 
Budapest, Hungary(3) - Department Of Neurology, University 
Of Pecs, Pecs, Hungary(4) - Department Of Anatomy, Histology 
And Embryology, Semmelweis University, Budapest, Hungary(5) 
Department Of Neurology, Rigshospitalet And University 
Of Copenhagen, Copenhagen, Denmark(6) - Laboratory Of 
Bioinformatics, Biological Research Centre, Szeged, Hungary(7) 

Department Of Mathematics And Computer Science, University 
Of Southern Denmark, Odense, Denmark(8)

Hypothesis: Comparing the transcriptome of experimental 
de- and remyelinating lesions to transcriptome of MS 
lesions may relate gene expression to damage and repair. 
Quantifying proteins of these homologous genes in the 
CSF proteome may identify novel biomarkers.
Methods: Demyelination was induced in the corpus cal-
losum by feeding mice with cuprizone; suspending cupri-
zone induced remyelination. Corpus callosum was micro-
dissected and examined by 4x44K Agilent Whole Mouse 
Genome Microarray. Ingenuity pathway analysis (IPA) 
was used to explore pathways related to de- and remyelin-
ation. Proteomics of the CSF was examined by LC-MS/
MS, and targeted quantitative proteomics of 91 individual 
CSF samples from MS patients was done by selective and 
parallel reaction monitoring (SRM/PRM).
Results: 644 differentially expressed genes related to de- 
and remyelination were identified in the corpus callosum, 

Personalized neuroimmunology / genetic and immune biomarkers to individualize 
diagnosis and treatment in neuroimmunology
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and were compared to transcriptome data of MS brain le-
sions. We have found 137 overlapping homologous genes, 
and examined, whether corresponding proteins are pres-
ent in CSF of patients with MS. CSF of 10 controls and 
10 patients with primary progressive (PPMS), relapsing-
remitting (RRMS) and secondary progressive (SP) MS 
were pooled respectively and subjected to LC-MS/MS. 
We could detect 20 of the 137 proteins in this CSF pool. 
We also explored relevant databases in order to select pep-
tides for the additional 117 proteins. Altogether, we have 
screened 132 peptides from 52 proteins out of the 137 ho-
mologous genes by targeted quantitative proteomics in in-
dividual CSF samples obtained from 30 PPMS, 27 SPMS 
and 41 RRMS patients. 
Discussion: Differentially expressed genes in MS lesions 
can be related to pathological function by comparing 
transcriptome of experimental and MS lesions. Protein 
products of several of these genes could be detected in 
the proteome of CSF and quantified to identify potential 
biomarkers or biomarker combinations. 

64 
Genotype is predicting Multiple Sclerosis 
pathology in the cohort of the Netherlands Brain 
Bank 

Nina Louise Fransen(1) - Matthew Mason(2)  
Bart Crusius(3) - Corbert Van Eden(1) - Mark Mizee(1) 
Sabina Luchetti(1) - Inge Huitinga(1)

Netherlands Institute Of Neuroscience, Neuroimmunology, 
Amsterdam, Netherlands(1) - Netherlands Institute Of 
Neuroscience, Neuroregeneration, Amsterdam, Netherlands(2) 
Vu University Medical Centre, Immunogenetics, Amsterdam, 
Netherlands(3)

Background: Clinical, radiological and neuropathologi-
cal heterogeneity of Multiple Sclerosis (MS) suggests 
that different pathogenic mechanisms are involved in sub-
groups of MS patients. Single Nucleotide Polymorphisms 
(SNPs) show a relation with MRI outcome and disease se-
verity in Genome Wide Association Studies (GWAS). We 
hypothesize that in subgroups of MS patients SNPs cause 
(in)activation of different pathogenic mechanisms, result-
ing in differences in pathological outcome, clinical dis-
ease course and response to immunomodulatory therapy. 
Objective: identify SNPs that correlate with MS pathol-
ogy in MS cohort of Netherlands Brain Bank (NBB). 
Methods: 189 MS patients were included. From all ar-
chived tissue (n=3615) lesions were characterized with 
HLA-PLP immunohistochemistry. Lesion types were 

scored according to demyelination and microglia mor-
phology. Reactive, active, chronic active, inactive and 
shadow plaques were distinguished in white matter and 
demyelination in cortical grey matter lesions. 104 SNPs 
were selected based on previous association with MRI 
measures or disease severity in GWAS and pathology in 
gene expression studies. DNA was isolated from leuko-
cytes or cerebellum tissue. Competitive allele specific 
polymerase chain reaction (PCR) was performed for 104 
SNPs. Statistical analysis of SNPs with total white mat-
ter lesion load, proportions of lesion types, cortical lesion 
presence and disease duration was performed in R. 
Results: The most significant SNPs all showed a relation 
with proportion of reactive sites, indicating higher propor-
tion of reactive microglia in normal appearing white mat-
ter; MIF (p=0,0001), MET (p=0,001), SKA1 (p=0,002) 
and AGBL4 (p=0,002). Analysis stratified by sex showed 
in males (n=66) most significant are RFK (p=0,0004) with 
proportion of active lesions and GRIN2A (p=0,0007) with 
proportion of remyelinated lesions. In females (n=103) 
most significant are SKA1 (p=0,001) with proportion of 
reactive sites, IGF2R (p=0,001) with total white matter 
lesion load. 
Discussion: This exploratory study shows that in the NBB 
cohort SNPs are predicting pathological outcome of MS. 
This analysis suggests an important role for SNPs in pre-
dicting activation of microglia-macrophages. Validation 
of these SNPs in another post-mortem cohort of MS pa-
tients is needed. Further functional experiments on the ef-
fects of these SNPs on MS pathology will be conducted 
to better understand the different pathogenic mechanisms 
causing heterogeneity in MS.

93 
Differential Antibody Responses to Gliadin-
derived Indigestible Peptides in Schizophrenia 

Ryan Mclean(1) - Philip Wilson(2) - David St Clair(3)  
Colette Mustard(1) - Jun Wei(1)

University Of The Highlands And Islands, Department Of 
Health Research, Inverness, United Kingdom(1) - University 
Of Aberdeen, Centre For Rural Health, Inverness, United 
Kingdom(2) - University Of Aberdeen, Department Of Dentistry 
And Medicine, Aberdeen, United Kingdom(3)

There is increasing evidence that abnormal immunity 
is involved in schizophrenia. These findings include in-
creased activation of microglia, up-regulation of pro-
inflammatory cytokines and increased activation of the 
humoral immune responses in patients with schizophre-
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nia. One example is an altered immune-response to wheat 
gluten observed in schizophrenia, and consumption of 
gluten has been implicated in the development of psycho-
sis, in both patients with and without celiac disease (CD). 
While the mechanism by which gluten proteins contribute 
to the pathophysiology of schizophrenia remains unclear, 
an immunological link between gluten and schizophrenia 
has been previously established by detection of circulat-
ing antibodies against a native component of gluten called 
gliadin. Since MHC molecules present linear fragments, 
and the native molecule is unlikely to survive digestion 
intact, it is more likely that gliadin-associated immune 
responses are mainly triggered against indigestible frag-
ments rather than the native molecule. In this study we 
measured circulating antibodies against indigestible gli-
adin-derived peptide antigens using an in-house ELISA 
method in schizophrenia patients and control subjects. 
Our work demonstrated that patients with the disease had 
increased levels of plasma IgG against a gamma-gliadin 
derived fragment and decreased levels of plasma IgG 
against alpha-gliadin derived peptides. We also demon-
strated a uniform decrease in plasma IgA against glia-
din-derived peptides. Although the clinical relevance of 
altered anti-gliadin antibodies in schizophrenia is yet to 
be determined, these results suggest that increased im-
mune responses to gamma-gliadin may be associated with 
schizophrenia, while alpha-gliadins may not be immuno-
genic in schizophrenia. The significance of the decreased 
IgA against wheat gluten is not known. 

95 
Circulating microRNAs as Biomarkers for 
rituximab therapy, in Neuromyelitis Optica 
(NMO) 

Adi Vaknin Dembinsky(1) - Chana Sharvit(1)  
Livnat Brill(1) - Oded Abramsky(1) - Devorah Wahnon(2)  
Iddo Ben Dov(2) - Iris Lavon(1)

Hadassah Medical Center, Neurology, Jerusalem, Israel(1) 
Nephrology And Hypertension Services, Nephrology And 
Hypertension Services, Jerusalem, Israel(2)

Background: Neuromyelitis optica (NMO) is a chronic 
autoimmune disease of the central nervous system 
(CNS). The main immunological feature of the disease is 
the presence of autoantibodies to Aquaporin 4 (AQP4+), 
identified in about 82% of cases. Currently, there are no 
reliable biomarkers for monitoring treatment response in 
patients with NMO. In an effort to identify biomarkers, 
we analyzed micro RNAs (miRNAs) in the blood of 

rituximab-treated NMO patients before and after therapy. 
Methods: Total RNA extracted from whole blood of 9 
rituximab-responsive NMO patients before, and 6 months 
following treatment was subjected to small RNAseq anal-
ysis. The study included also an additional group of 7 un-
treated AQP4+ seropositive NMO patients and 15 healthy 
controls (HCs). 
Results: 14 miRNA were up regulated and 32 were down 
regulated significantly in the blood of NMO patients fol-
lowing effective therapy with rituximab (all p<0.05). Fur-
thermore, we show that expression of 17 miRNAs was 
significantly higher and of 25 miRNAs was significantly 
lower in untreated NMO patients compared with HCs (all 
p<0.05). Following rituximab treatment, the expression 
levels of 10 of the 17 miRNAs that show increased ex-
pression in NMO reverted to the levels seen in HCs. Six of 
these “normalized” miRNAs are known as brain specific/
enriched miRNAs. 
Conclusions: Specific miRNA signatures in whole blood 
of patients with NMO might serve as biomarkers for ther-
apy response. Furthermore, monitoring the levels of brain 
specific/enriched miRNAs in the blood might reflect the 
degree of disease activity in the CNS of inflammatory de-
myelinating disorders.

121 
MMP9 index as possible diagnostic marker of 
Neuro-Behçet’s disease. 

Alessandra Aldinucci(1) - Elena Bonechi(1) - Alessandro 
Barilaro(2) - Anna Maria Repice(2) - Tiziana Biagioli(3) 
Giacomo Emmi(4) - Mario Milco D’elios(4) - Clara 
Ballerini(1)

University Of Florence, Department Of Neurofarba, Florence, 
Italy(1) - Careggi University Hospital, Division Neurology 2, 
Florence, Italy(2) - Careggi University Hospital, Laboratory 
Department, Florence, Italy(3) - University Of Florence, 
Department Of Experimental And Clinical Medicine, Florence, 
Italy(4)

Neuro-Behçet’s disease (NBD) is a neuroinflammatory 
disorder occurring in 5-30% of patients affected by sys-
temic Behçet’s disease (BD). NBD patients often show 
clinical and magnetic resonance (MRI) features “multiple 
sclerosis (MS) like” that make necessary a differential di-
agnosis from MS. In this study we collected cerebrospinal 
fluid (CSF) and serum samples of 11 NBD and 21 relaps-
ing remitting (RR) MS patients undergoing the diagnos-
tic lumbar puncture. We measured the CSF and serum 
concentration of 18 soluble factors (MMP9, CXCL10, 
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CXCL13, OPN, GM-CSF, TNF alpha, IFN gamma, IL-1 
alpha, -1 beta, -2, -4, -6, -8, -10, -12p40, -12p70, -17, -23) 
by Milliplex. At the same time we evaluated by flow cy-
tometry the proportion of naïve and memory T cells in 
freshly isolated CSF cells. We found that NBD and RR-
MS patients significantly differ about MMP9 content both 
in CSF and serum: NBD patients have a concentration 
of MMP9 lower in CSF (p=0,02) and higher in serum 
(p<0,0001) than RR-MS ones. By determining the ratio 
between CSF and serum MMP9 concentration and normal-
izing it versus CSF/serum albumin ratio, we defined the 
“MMP9 Index”; this parameter results significantly lower 
in NBD samples than RR-MS ones (p<0,0001). NBD and 
MS patients also show a different CSF chemoattractant 
environment: we detected a higher IL8 amount (p=0,009) 
in NBD and a higher CXCL13 amount (p=0,01) in MS. 
According to the literature, we observed a higher con-
centration of TNF alpha and IL6 in NBD CSF. We didn’t 
find any correlation between the concentration of soluble 
factors and CSF diagnostic parameters. The phenotypic 
analysis of CSF T cells reveals that effector memory cells 
(EM) are prevalent in both groups. To understand which 
cells are responsible for the higher MMP9 production in 
NBD serum, we evaluated the intracellular MMP9 con-
tent in peripheral blood mononuclear cells (PBMCs): the 
percentage of MMP9 producing PBMCs was significantly 
higher in NBD than in MS patients (p=0,002), their phe-
notype is still under investigation. In conclusion, with this 
study we defined the “MMP9 index”, that, if validated on 
an independent group of patients, could be proposed as 
a possible biomarker helpful to exclude the diagnosis of 
MS or to confirm the suspicion of NBD, especially in the 
cases of NBD positive for oligoclonal bands (OCB) (30% 
of NBD patients).

123 
Searching for Dysregulation in Multiple Sclerosis 

Sundararajan Srinivasan(1) - Ramesh Menon(2) - Marco Di 
Dario(2) - Alessandra Russo(2) - Severa Martina(3) - Fabiana 
Rizzo(3) - Lucia Moiola(4) - Mariaemma Rodegher(4)  
Rosella Mechelli(5) - Marzia Romeo(4) - Marta Radaelli(4) - 
Francesca Sangalli(4) - Paul Hertzog (6) - Marco Salvetti(5) 
Eliana Coccia(3) - Vittorio Martinelli(4) - Giancarlo Comi(2) 
Cinthia Farina(2)

Institute Of Experimental Neurology (inspe), Division Of 
Neuroscience, San Raffaele Scientific Institute,university Vita-
salute San Raffaele, Milan, Italy(1) - Institute Of Experimental 
Neurology (inspe), Division Of Neuroscience, San Raffaele 
Scientific Institute, Milan, Italy(2) - Istituto Superiore Sanità 

(iss), Istituto Superiore Sanità (iss), Rome, Italy(3) - Division Of 
Neuroscience, San Raffaele Scientific Institute, Milan, Italy(4) 
Centre For Experimental Neurological Therapies, S. Andrea 
Hospital-site, Department Of Neuroscience, Mental Health And 
Sensory Organs (nesmos), Sapienza University Of Rome, Rome,(5)  
Centre For Innate Immunity And Infectious Diseases, Mimr-phi 
Institute Of Medical Research, Clayton, Victori, Australia(6)

Multiple sclerosis (MS) is a chronic demyelinating dis-
ease of the central nervous system with evidence of im-
mune dysfunction. Disease pathogenesis is thought to be 
due to the complex interplay between genetic and envi-
ronmental factors. By Genome-wide association studies 
(GWAS) more than hundred non-MHC MS risk variants 
have been identified, and several of them map close to 
genes involved in immunity and Interferon signaling (e.g. 
IRF-8, TYK2), suggesting that alteration of immune func-
tion and in particular of an antiviral pathway in MS can be 
genetically determined. Here we studied gene expression 
profiles of peripheral blood mononuclear cells (PBMC) 
from a cohort of 142 MS subjects and 40 healthy controls. 
Differential expression analysis of GWAS genes uncov-
ered several differentially expressed genes (DEG), 6 of 
which were commonly dysregulated in all clinical MS 
subtypes, while others were specific to distinct MS forms. 
Independent validation of dysregulated expression of 
GWAS genes in MS was achieved by analysis of a distinct 
array dataset and by quantitative real-time PCR. Path-
way enrichment analysis unraveled 65 shared biological 
pathways among all the MS forms containing at least one 
dysregulated GWAS gene. Several of these pathways hold 
scientific evidences of dysregulation in MS or its animal 
model underlying the power of bioinformatical predic-
tion in identifying pathogenic events from transcriptomic 
profiles. Further, systematic expression analysis of inter-
feron-regulated genes (IRG) using Interferome database 
highlighted frequent IRG dysregulation in relapsing-re-
mitting (RR) MS. 100 IRG DEG in RRMS were validated 
on two distinct array platforms, and, among them, 53 
changed expression in MS subjects under IFN beta treat-
ment. Transcript levels of selected IRG DEG were vali-
dated by in vitro and ex vivo assays. Overall, this study 
highlights dysregulation of MS risk genes and IRG in 
blood cells of MS patients, describes a collection of novel 
candidate pathogenic pathways and supports targeting of 
dysregulated IRG elements in RRMS by therapy with IFN 
beta.  This study was supported by Italian Ministry for 
Health and Fondazione Italiana Sclerosi Multipla (FISM 
Grant 2013/R/9).
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130 
Clinical characterization of patients with CNS 
demyelination among the Muslims Arabs 
population in Israel 

Livnat Brill(1) - Oded Abramsky(1) - Tamir Ben Hur(1) 
Arnon Karni(2) - Shoshana Israel(3) - Adi Vaknin 
Dembinsky(1)

Hadassah Medical Center, Neurology, Jerusalem, Israel(1) 
Sourasky Medical Center, Neurology, Tel Aviv, Israel(2) 
Hadassah Medical Center, Tissue Typing Laboratory, 
Jerusalem, Israel(3)

In worldwide analyses, Neuromyelitis optica (NMO) and 
opticospinal Multiple sclerosis (MS) represented at high-
er proportions among demyelinating conditions in Afri-
can, East-Asian and Latin American populations. There 
are currently very poor data regarding the prevalence of 
NMOSD in Middle East Muslim. In our previous work, 
we indicate a possibly increased prevalence of NMOSD 
in Muslim Arabs in Israel with distinct (positive and nega-
tive) HLA associations. We performed a follow up study 
aimed to phenotype patients with CNS demyelination 
among the Muslims Arabs population followed at the Ha-
dassah MS center.
Methods: 160 out of 199 patients files  had sufficient clini-
cal information to be included in the study. NMO diag-
nosis was defined according to the 2015 criteria. AQP4 
seropositivity was analyzed in 250 sera samples using an 
ELISA assay followed by a cell based validation assay. 
Results: Out of the 160 Muslims Arabs patients with CNS 
demyelination followed at Hadassah MS center, more than 
20% were clinical definite NMO (35/160). 13% of the pa-
tients had myelitis only with no AQP4 positivity, and 52% 
were diagnose with MS. The 35 definite NMO patients 
had clinical characteristics typical of NMO spectrum dis-
order.  No major clinical differences were found between 
the Muslims Arabs population and other ethnic groups in 
Israel. The AQP+ positivity was 60%.   The relative fre-
quency of MS to NMO in the Muslims Arabs population 
(MS/NMO ratio) was 2.4. In order to overcome referral 
center over diagnosis, we randomly screening the last 250 
sera samples tested for AQP4-Ab in the Hadassah medical 
center. Out of the 250 sample, 14 were positive. 40% of 
the positive patients were obtained from Israeli Muslims 
Arabs. (6/14)
Conclusions Our findings point to an increased prevalence 
of NMOSD in Muslim Arabs in Israel.  Among patients 
of Muslim Arabs origin in Israel, with idiopathic inflam-
matory demyelinating diseases, the diagnosis of NMO is 
almost half of MS diagnosis. 

142 
MicroRNA expression levels and variants of 
microRNA genes as biomarkers of multiple 
sclerosis clinical course 

Olga Kulakova(1) - Natalia Baulina(1) - Ivan Kiselev(1)  
Vitalina Bashinskaya(1) - Ekaterina Popova(2) - Alexey 
Boyko(2) - Olga Favorova(1)

N.I. Pirogov Russian National Research Medical University, 
Dep. of Molecular Biology and Medical Biotechnology, 
Moscow, Russian Federation(1) - N.I. Pirogov Russian National 
Research Medical University, Dep. of Neurology, Neurosurgery, 
and Medical Genetics, Moscow, Russian Federation(2)

Relapsing-remitting multiple sclerosis (RRMS) is the 
most common form of MS and is characterized by a 
higher prevalence in women. Recently, microRNAs have 
emerged as new players in post-transcriptional regulation 
of many genes. We analyzed the involvement of inflam-
mation-related microRNAs in relapse and remission of 
MS and estimated impact of variants of microRNA genes 
in RRMS severity to find biomarkers of MS activity.
The expression levels of miR-155, miR-499A, miR-146b-
5p, miR-196a-5p, miR-223, miR-21-5p, and miR-326 
were determined in peripheral blood mononuclear cells 
(PBMC) of RRMS patients in relapse (24-36 hours after 
the onset of exacerbation, 7 women) or remission (more 
than 6 months of remission, 8 women) in comparison 
with healthy individuals (8 women). Significant decrease 
in the expression levels of miR-223 and miR-499A, and 
increased level of expression of miR-155 were observed 
both in remission and in relapse. At the same time, pa-
tients in remission were characterized by a sharp increase 
(3-10 fold times) in expression of miR-326, miR-21-5, 
miR-146b-5p, miR-196a-5p and miR-155. The expres-
sion levels for the first four miRNAs in MS patients in 
relapses were similar to those observed for the healthy in-
dividuals. When miRNAs expression levels were directly 
compared in patients in relapse and remission, expression 
levels of all miRNAs except for miR-499A were substan-
tially lower in relapse. No significant differences in ex-
pression levels of miRNAs of MS patients and controls 
were observed in plasma. 
Polymorphic variants in miRNA genes MIR146B 
(rs76149940), MIR196A2 (rs11614913), MIR499A 
(rs3746444), and MIR223 (rs1044165) were analyzed 
in 561 unrelated RRMS patients (395 women, 166 men) 
to identify their association with MS severity accord-
ing to MS severity scale (MSSS) (MSSS value >3.5 vs 
MSSS value<=3.5). A more severe MS course was associ-
ated with the carriage of MIR499A*C and of combina-
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tion (MIR499A*C + MIR196A2*C) (pcorr = 0.024 and 
0.0059, respectively). These associations showed gender 
specificity: they were not significant in men and substan-
tially reinforced in women (pcorr = 0.00080 and 0.00027, 
respectively). 
Thus, microRNA expression levels and variants of mi-
croRNA genes may serve as perspective biomarkers of 
MS clinical course. The majority of differentially ex-
pressed miRNAs are involved in development/mainte-
nance of remission. This study was supported by the Rus-
sian Scientific Foundation (grant 14-14-00605).

181 
Comparative analysis of peripheral blood 
lymphocytic cell death on multiple sclerosis 
patients receiving interferon and glatiramer 
acetate – preliminary results. 

Marina Boziki - Roza Lagoudaki - Theano Tatsi  
Dimitrios Karacostas - Nikolaos Grigoriadis
2nd Neurologiccal Department, AHEPA University General 
Hospital, Aristotle University Of Thessaloniki, Thessaloniki, 
Greece

Background: Disease modifying treatments (DMTs) are 
being widely used for the management of multiple scle-
rosis (MS), and these treatments are known to affect 
lymphocytes’ frequency and phenotype. Aim: The pres-
ent study addresses comparative analysis of the apoptotic 
profile of peripheral blood lymphocytes in MS patients 
receiving glatiramer acetate (GA) and interferon-beta 
(IFN). Methods: Peripheral blood lymphocytes from pa-
tients receiving GA and IFN were analysed in terms of 
apoptotic markers by means of flow cytometry. Values 
were analysed by independent – samples T-test and re-
sults were indicated as mean ± standard error of mean. 
Results: 15 patients receiving IFN and 8 patients under 
GA were included. Patients’ groups were age (IFN:  39,36 
± 3,33; GA: 44,25 ± 4,97; p=0.45) and gender matched 
(IFN: m=4, f=11; GA: m=3, f=5; p=0.84).  Mean disease 
duration (years) did not differ among groups (IFN: 9.9 ± 
1.79; GA 11.83 ± 1.9; p=0.5). Also, mean treatment du-
ration (months) (IFN: 80.46 ± 14.5; GA 54.42 ± 8.09; 
p=0.23), and mean EDSS score did not differ between 
groups (IFNβ: 3.57±0.51; GA 2.62 ± 0.65; p=0.3). Mean 
frequency (% of CD4+ lymphocytes) of Annex V+ lym-
phocytes for patients receiving IFN and GA was 45.32 ± 
13.7 and 29.67 ± 12.1 (p=0.4), respectively. Furthermore, 
mean frequency (% of CD4+ lymphocytes) of Bcl2+ lym-
phocytes for patients receiving IFN, and GA was 20.66 ± 

4.83 and 12.62 ± 3.84 (p=0.25), respectively, whereas the 
mean frequency (% of CD4+ lymphocytes) of caspase3+ 
lymphocytes for patients receiving IFN and GA was 8.78 
± 2.68 and 10.98 ± 8.13 (p=0.6), respectively. Conclusion: 
Although the present results did not reach statistical sig-
nificance, there is a trend for reduced frequency of periph-
eral blood lymphocytes undergoing apoptotic cell death, 
defined as CD4+Annexin V+ lymphocytes, in patients 
receiving GA, compared to patients under IFN treatment. 
Larger sample size is needed in order to elucidate poten-
tial variability regarding the apoptotic profile of lympho-
cytes of MS patients receiving GA, compared to IFN.

196 
Profiling the autoantibody repertoire in saliva of 
young athletes to identify early protein markers 
of traumatic brain injury (TBI) 

Elisa Pin(1) - Eni Andersson(1) - Kelsey Mitchell(2) - Nelson 
Cortes(2) - Shane V. Caswell(2) - Mariaelena Pierobon(2)  
Emanuel F. Petricoin(2) - Peter Nilsson(1)

Scilifelab-kth, School Of Biotechnology, Stockholm, Sweden(1) - 
George Mason University, Center For Applied Proteomics And 
Molecular Medicine, Manassas, Virginia, United States(2)

Almost 8 million of high school athletes in US practice 
sports where repetitive concussions may predispose to 
subsequent severe neuropsychological disorders such as 
chronic traumatic encephalopathy. Nevertheless, many 
concussive events are still not reported or underestimated 
due to fast recovery from acute symptoms and difficulty in 
diagnosis by conventional neuroimaging techniques. Con-
cussion causes damages in the blood-brain barrier, and the 
direct contact between blood and brain triggers an autoim-
mune response that can last for weeks or months and can 
be responsible for neuronal damage. This autoimmune 
response can be a source of early protein markers that 
potentially can be utilized for concussion diagnosis. The 
aim of our study is to evaluate IgG and IgA autoimmune 
response in saliva samples collected from high school la-
crosse and football players. Having access to the Human 
Protein Atlas (www.proteinatlas.org) antigens collection, 
100 samples have been tested on planar antigen arrays for 
their reactivity towards 1500 antigens - representing 1468 
unique human proteins. Matched samples were collected 
from boys and girls, before and after concussive events. 
Concussions have been classified in high and low G-force. 
A pilot analysis comparing 10 pre- and post-concussion 
collected samples showed IgA reactivity towards 97 pro-
teins, and IgG reactivity towards 59. Forty targets were 
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in common, including proteins related to brain and cen-
tral nervous system or involved in calcium and potassium 
exchange. In agreement with what is already reported in 
other studies on autoimmunity, a high inter-individual 
variation was detected, with many antigens reactive only 
in one or few samples. Three targets (LECT1, OAZ3 and 
LDLRAD3) showed a statistically significant higher IgA 
reactivity in post-concussion samples compared to base-
line. The combination of the three targets in clustering 
analysis allows well separating pre-concussion from post-
concussion samples. Interestingly, we detected a general 
tendency to higher IgA reactivity in post-concussion com-
pared to pre-concussion samples. Further statistical anal-
yses on data deriving from the whole sample set are on 
course to confirm these results and compare differences in 
reactivity profiles after high and low G-force concussions, 
and in girls and boys. Our analysis shows how autoim-
mune markers in saliva can help in early detection of TBI 
and in return-to-play decision-making. 

220 
Differential genome-wide DNA methylation 
patterns in peripheral blood mononuclear cells 
of relapsing-remitting and primary-progressive 
multiple sclerosis patients 

Olga Kulakova(1) - Marsel Kabilov(2) - Ludmila Danilova(3) 
Ekaterina Popova(4) - Olga Baturina(2) - Ekaterina 
Tsareva(1) - Natalia Baulina(1) - Ivan Kiselev(1) - Alexey 
Boyko(4) - Valentin Vlassov(5) - Alexander Favorov(6)   

Olga Favorova(1)

N.I. Pirogov Russian National Research Medical University, 
Department of Molecular Biology and Medical Biotechnology, 
Moscow, Russian Federation(1) - Institute of Chemical Biology 
And Fundamental Medicine, Siberian Branch of The Russian 
Academy of Sciences, SB RAS Genomics Core Facility, 
Novosibirsk, Russian Federation(2) - Johns Hopkins School of 
Medicine, Department of Oncology, Division of Biostatistics 
and Bioinformatics, Baltimore, MD, United States(3) - N.I. 
Pirogov Russian National Research Medical University, 
Department of Neurology, Neurosurgery, and Clinical Genetics, 
Moscow, Russian Federation(4) - Institute of Chemical Biology 
and Fundamental Medicine, Siberian Branch of The Russian 
Academy of Sciences, Center of New Medical Technology, 
Novosibirsk, Russian Federation(5) - Vavilov Institute of General 
Genetics, Laboratory of Systems Biology and Computational 
Genetics, Moscow, Russian Federation(6)

Multiple sclerosis (MS) is a severe demyelinating disease 
of polygenic nature. Only about 27% of disease herita-

bility is explained by identified genetic polymorphisms. 
Besides genetic factors, a key role in MS development 
and progression may belong to epigenetic mechanisms, 
primarily DNA methylation, which regulates gene ex-
pression. A genome-wide DNA methylation profiling in 
peripheral blood mononuclear cells of relapsing-remitting 
MS (RRMS) and primary-progressive MS (PPMS) pa-
tients was carried out in comparison with healthy indi-
viduals in order to identify differentially methylated CpG 
sites (DMSs) specific for these common clinical disease 
courses. A pairwise comparison of DNA methylation pro-
files in RRMS and PPMS patients was also performed. 
Significant differences in methylation profiles in cases 
RRMS and PPMS were observed. Hierarchical cluster 
analysis of identified DMS methylation levels and princi-
pal component analysis demonstrated a definite aggrega-
tion of DNA samples of RRMS patients, PPMS patients 
and healthy individuals into three clusters. While compar-
ing with control group, there are more DMSs identified in 
PPMS than in RRMS patients (67 and 30, respectively). 
More than half of DMSs are located in genes. Identified 
DMSs in RRMS patients are mostly hypomethylated, 
while in PPMS patients DMSs are mostly hypermethyl-
ated. CpG islands and nearby regions (shores) contain 
60% of DMSs, identified by pairwise comparison of 
RRMS and control group, and 79% of DMSs, identified 
by pairwise comparison of PPMS and control group. Pair-
wise comparison of patients with two clinical MS courses 
pinpointed 51 DMSs, 82% of which are hypermethylated 
in PPMS. DMSs, which are located in genes involved in 
the immune response and the regulation of gene expres-
sion, were found in all cases. At the same time RRMS 
is characterized by differential methylation of genes in-
volved in lipid metabolism, and PPMS - in development 
of the central nervous system.
Overall, we show for the first time that DNA methyla-
tion is involved in development of RRMS and PPMS as 
distinct clinical forms of MS. There are more changes 
in DNA methylation profiles in PPMS than in RRMS in 
comparison with healthy individuals. This data suggest a 
role of DNA methylation in MS development and provide 
an opportunity to consider DMSs as potential biomarkers 
of a disease course. 
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224 
Anoctamin 2 identified as an autoimmune target 
in multiple sclerosis 

Peter Nilsson(1) - Burcu Ayoglu(1) - Katarina Tengvall(2) 
Ingrid Kockum(2) - Tim Waterboer(3) - Tomas Olsson(2)

Scilifelab, School Of Biotechnology, Kth - Royal Institute 
Of Technology, Stockholm, Sweden(1) - Karolinska Institutet, 
Neuroimmunology Unit, Dept Clinical Neuroscience, 
Stockholm, Sweden(2) - German Cancer Research Center, 
German Cancer Research Center, Heidelberg, Germany(3)

Multiple sclerosis (MS) is the most common chronic in-
flammatory disease of the central nervous system and is 
regarded also as an autoimmune condition. The antigenic 
targets of the autoimmune response in MS are however 
not clearly deciphered yet. In an effort to mine the autoan-
tibody repertoire within MS, we profiled more than 2000 
plasma samples from MS cases and population-based con-
trols using suspension bead arrays built with 384 human 
protein fragments selected from an initial screening with 
11,520 antigens. Our data revealed prominently increased 
autoantibody reactivity against the chloride channel pro-
tein anoctamin 2 (ANO2) in MS cases (15%) compared to 
controls (3%), resulting in a FDR-adjusted p-value (Wil-
coxon) of 10-16.
This finding was corroborated in independent assays 
with alternative protein constructs, as well as by epitope 
mapping with peptides covering the identified region of 
ANO2. Additionally, we found a strong interaction be-
tween the presence of ANO2 autoantibodies and the HLA 
complex, the MS-associated DRB1*15 allele, reinforcing 
a potential role for ANO2 auto-reactivity in MS etiopatho-
genesis. Immunofluorescence analysis on human MS 
brain tissue revealed ANO2 expression as small cellular 
aggregates near and inside MS lesions. Taken together, 
this study describes one of the largest efforts to character-
ize the autoantibody repertoire within MS. 
We have although even further replicated the initial results 
with the profiling of >12.000 samples, with 7.000 MS-
cases and could verify the results with an outcome of 5.6 
% of the RRMS vs 1.8% of the controls being positive 
for ANO2. This resulted also in a FDR-adjusted p-value 
(Wilcoxon) of 10-16.
The presented findings demonstrate the potential for the 
existence of an ANO2 autoimmune sub-phenotype in MS 
and lay the ground for further studies focusing on the 
pathogenic role of ANO2 autoantibodies in MS.

232 
In-depth Immunophenotyping of Newly 
Diagnosed Relapsing Remitting Multiple 
Sclerosis Patients and Patients treated with 
Dimethyl Fumarate 

Maryam Nakhaei-nejad(1) - David Barilla(1) - Gregg 
Blevins(1) - Aaron Hirschfeld(2) - Fabrizio Giuliani(1)

University Of Alberta, Medicine, Edmonton, Canada(1) - Bd 
Biosciences, Mississauga, Canada(2)

Multiple sclerosis (MS) is an autoimmune disease of 
central nervous system. Inflammation and demyelination 
are two key features of MS. T cells seem to be an 
important player in MS pathogenesis. However, there is 
limited information about the subpopulation dynamics 
in MS patients. Our aim is to assess the changes in 
peripheral immune responses of MS patients with and 
without treatments. We designed two multi-color panels 
(14 and 17 surface markers) to analyse cell surface 
expression of immune cells in whole blood. Panels were 
designed based on antigen density and consideration 
of spillover characteristics of selected fluorochrome 
conjugates. Stained samples and controls were run 
on a BD LSRFortessa™ SORP. We have consistently 
identified 41 various leukocyte subpopulations within 
each sample including B cells, monocytes, CD4+ and 
CD8+, NK cells and also dendritic cells. To date, we have 
processed 8 healthy controls (HC), 23 relapsing remitting 
patients (14 treated with dimethyl fumarate (DMF), 
and 5 newly diagnosed patients (ND). In agreement 
with previous reports, all MS patients had lower PBMC 
frequency than HC (41% vs. 30%; p value 0.00161). T 
cell % was significantly different in ND comparing to 
DMF group (70% vs. 50%; p value 0.000688). Within the 
CD3+ population, activated T cell % (CD122+) was also 
lower in DMF treatment (13.5% ND versus 8.7% DMF; 
p value 0.0437). We observed lower CD8% in ND group 
vs. HC (20% vs 35%; P value 0.0109). While B cell % 
was not different in DMF treatment compared to ND or 
HC, the B-cell subtype CD27+IgD- was 16% in HC, 6.5% 
in DMF (P value 0.0128) and 9.7% in ND (p value=NS 
versus HC or DMF). Our data will shed new light on the 
mechanisms of inflammatory events in MS and also help 
to identify and predict patients’ response to treatment. 
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236 
Serum exosomes profiling reveals a novel 
biomarkers of multiple sclerosis 

Igor Selmaj - Magdalena Namiecinska - Maria 
Cichalewska - Grazyna Galazka - Krzysztof W. Selmaj  
Marcin P. Mycko
Medical University Of Lodz, Department Of Neurology, 
Laboratory Of Neuroimmunology, Lodz, Poland

Exosomes (Exs) represent a subfamily of membrane vesi-
cles released from the endocytic compartment of live cells 
that play an important role in cell-to-cell communication. 
Exs contain material of cell of origin including proteins, 
lipids, DNA, mRNA, and miRNA and their specific com-
position reflects state of cell activation influenced by 
pathologic process. Serum is considered as a major com-
partment accumulating exs derived from different cells 
and tissues. In order to explore the potential changes in the 
composition of the serum exs as a biomarker for the mul-
tiple sclerosis (MS) we have analyzed exs samples from 
80 remitting relapsing MS patients and 40 controls. Serum 
exs were isolated with the polymer formulation method 
and quantified by nanoparticle tracking analysis and spe-
cific immunostaining for marker proteins. RNA extracted 
from serum exs have been  processed for the next gen-
eration sequencing analysis with the HiSeq platform. We 
have found that serum exs concentration ranged from 2 to 
17 xE12 per ml and size varied from 45 to 105 nm in both 
controls and MS patients. RNA analysis have shown that 
serum exs are a reach source of the shortRNA (<300 nt). 
The serum exs contained more than 59000 different RNA 
sequences. All the sequences have been grouped into 14 
different RNA categories: CDBox, HAcaBox, RefSeq_
antisense, lincRNA, lincRNA_antisense, miRNA, other_
ncRNA, other_ncRNA_antisense, rRNA, piRNA, rfam, 
scaRNA, tRNA and tRNA_like. RefSeq_antisense, linc 
RNA and lincRNA_antisense represented the largest frac-
tion of sequences derived from MS patients serum (27%, 
22% and 21%, respectively). Interestingly, miRNA con-
stituted about 2.5% of all exosomal RNA sequences. The 
average number of different exs miRNA ranged between 
350 and 401 sequences. There was a tendency toward a 
decreased number of miRNA copies in serum exs in both 
remission and relapse MS patients when compared to 
control subjects. We have identified several sequences of 
short RNA, including miRNA, differentially expressed in 
MS patients. Our data demonstrate diverse RNA content 
in serum exs of MS patients and highlight potential role of 
short RNA sequences as a new biomarkers of MS.

288 
An optimized protocol of differential 
centrifugation isolates quantitatively and 
qualitatively distinct microvesicle populations  

Annamaria Nigro(1) - Alessandro Romano(1) - Annamaria 
Finardi(1) - Marzia M. Ferraro(2) - Antonio Gaballo(2) 
Daniela E. Manno(3) - Angelo Quattrini(1) - Roberto 
Furlan(1)

San Raffaele Scientific Institute, Division Of Neuroscience, 
Institute Of Experimental Neurology, Milano, Italy(1) 
Nanotechnology Institute, Cnr Nanotec, Lecce, Italy(2)  
Department Of Materials Science, University Of Salento, Lecce, 
Italy(3)

Extracellular vesicles (EVs) are heterogeneous popula-
tions of cell-derived vesicles involved in many physi-
ological/pathological processes with major potential as 
biomarkers. Microvesicles (MVs) are a specific class of 
EVs that originate from the cell surface by direct outward 
budding of the plasma membrane ranging in size from 
100 nm to 1,000 nm in diameter. Their isolation and puri-
fication protocols are still elusive and, to date, differential 
centrifugation remains the most commonly used isola-
tion/purification method. However, various parameters 
in MV isolation procedure, such as the use of different 
rotor types, can influence their recovery. We provide a 
comparative evaluation of the utilization of different rotor 
types during differential centrifugation protocol, such as 
the swinging bucket and fixed angle rotors, for the yield 
and purity of isolated vesicles. In particular, we determine 
the recovery efficiency, the morphology and the yield of 
RNA/miRNA of isolated MVs by flow cytometry, elec-
tron and atomic force microscopy. Using a human microg-
lia cell line, we demonstrate that the application of fixed 
angle rotors harvests greater yield of purified MVs. More-
over, the rewashing of the usually discarded first pellet 
increases microvesicles recovery, and allows isolation of 
a different subpopulation of microvesicles showing dis-
tinct, morphological characteristics and RNA profiles. In 
conclusion, isolation/purification method significantly in-
fluences MV yield and we propose an optimized protocol 
for MV isolation, concentration and purification.
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291 
MS patients show different CSF leukocyte profile 
than other inflammatory and non-inflammatory 
neurological diseases, with characteristic 
intracellular cytokine production 

Carmen Picon(1) - Lucienne Frossard(2) - Susana Sainz De 
La Maza(2) - Eulalia Rodriguez-martin(1) - Silvia Medina(1) 
Mercedes Espiño(1) - Inmaculada Toboso(1) - Jose Carlos 
Alvarez-cermeño(2) - Luisa Maria Villar(1)

Hospital Univeristario Ramón Y Cajal, Immunology 
Department, Madrid, Spain(1) - Hospital Univeristario Ramón Y 
Cajal, Neurology Department, Madrid, Spain(2)

Differences between leukocyte populations present in 
cerebrospinal fluid (CSF) of patients with multiple scle-
rosis (MS) inflammatory (OIND) and non inflammatory 
(NIND) neurological diseases have not been fully eluci-
dated. In this study we aimed to identify intrathecal im-
mune phenotypes that may help to differentiate MS pa-
tients from other disorders of the CNS and get insights on 
the physiopathology of the disease. We included 115 con-
secutive MS patients, 36 with other inflammatory diseases 
(IND) and 30 with non-inflammatory diseases (NIND). 
We studied by flow cytometry the percentages and total 
cell counts of different lymphocyte and monocyte subsets 
in the CSF and the intracellular cytokine production (INF-
gamma, TNF-alpha, IL-22, IL-17) on CSF T cells. MS pa-
tients showed higher percentages and total cell counts of 
regulatory T cells, CD62L+CD4+ T cells and of total and 
CD5- B cells and had higher cell counts of CD8 T cells 
producing TNF-alpha and INF-gamma than OIND and 
NIND patients. OIND patients showed higher percentages 
and total cell counts of IL-22+IL-17+ CD4 T cells than 
MS whilst NIND patients showed higher percentages of 
monocytes mainly due to classical and alternative subsets. 
In summary, we have identified leukocyte profiles in the 
CSF of patients with MS, with respect to other neurologi-
cal diseases. This contributes to further identify the ab-
normal immune response playing a role in the disease and 
could be a useful tool for MS diagnosis.

308 
Therapy with Eculizumab for Patients with 
Primary p.Cys89Tyr mutation in the CD59 gene  

Dror Mevorach(1) - Amir Grau(1) - Zamir Shorer(2) 
Shimon Edvardson(1) - Adi Tabib(1)

Hebrew University, Hadassah Medical Center, Jerusalem, 
Israel(1) - Ben-gurion University, Soroka, Beer Sheba, Israel(2)

We have recently reported five patients, aged 1–4.5 years, 
who suffered since early infancy from chronic hemoly-
sis and recurrent episodes of Guillain-Barre syndrome 
(GBS)-like disease, suggesting idiopathic chronic inflam-
matory demyelinating polyradiculoneuropathy (CIDP)-
like disease. All patients fulfilled GBS criteria at their first 
episode, and European CIDP criteria later on. As all the 
patients originated from North African Jewish families 
and two were sibs, we combined homozygosity mapping 
and exome sequencing and identified in all the patients a 
homozygous missense mutation, p.Cys89Tyr in the CD59 
gene. The mutation affected a conserved residue, segre-
gated with the disease in the families, and had a carrier 
rate of 1:66 in the North African Jewish community. 
Objectives. To report the outcome of treatment with eculi-
zumab in pediatric patients with chronic inflammatory de-
myelinating polyradiculoneuropathy (CIDP)-like disease 
and chronic hemolysis due to a p.Cys89Tyr mutation in 
the CD59 gene. 
Methods. Patients were recruited from our new registry of 
patients with homozygosity for the p.Cys89Tyr mutation 
on CD59. Participants received repeated intravenous ecu-
lizumab. In this 8-month open-label phase IIa study we 
aimed to determine whether eculizumab reduces chronic 
hemolysis and cumulative doses of steroid and IV IgG, 
and ameliorates neurological deficits compared to those 
observed before treatment. Treatment response was evalu-
ated every 2-4 weeks over 34-weeks and included exami-
nation with gross motor scoring ASIA and INCAT, labo-
ratory examination, and SF-12 fulfillment. Neurological 
relapses and the cumulative dose of IVIG and/or cortico-
steroids before and after initiation of treatment were docu-
mented. RBCs and neutrophils were stained to evaluate 
C5b-9 deposition. ClinicalTrials.gov, NCT01579838.
Results. A dramatic and significant neurological ameliora-
tion in the upper limbs and trunk with a more modest ame-
lioration in the lower limbs was observed in all patients. 
Corticosteroid and immunoglobulin treatment, which had 
been used extensively prior to eculizumab initiation, was 
completely stopped. No patient suffered a relapse during 
the treatment period despite infections, and there were 
no hospital admissions. Decreased deposition of C3bi 
and C5b-9 on RBCs and neutrophils was documented 
(p<0.0001). The SF-12 health questionnaires indicated 
significant improvement (p<0.003).
Interpretation. Eculizumab was safely given to these pa-
tients. The clinical improvement is suggestive for a life-
saving treatment for patients with CIDP-like disease due 
to primary CD59 deficiency.
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347 
Differential binding of commercial secondary 
antibodies to human IgG-allotypes 

Anita Krysta(1) - Sudhakar Reddy Kalluri(1) - Zsuzsanna 
Hracsko(1) - Carina Nowak(1) - Christiane Gasperi(1) - 
Dorothea Buck(1) - Bernhard Hemmer(1)

Department Of Neurology, Klinikum Rechts Der Isar, 
Technische Universität München, Munich, Germany(1)

Introduction: Antibody-based assays like enzyme-linked 
immunosorbent assays (ELISA), flow cytometry or West-
ern Blot are important methods in cellular and molecular 
biology. These assays play an essential role in detecting 
antibody responses to autoantigens or microbes associat-
ed with human diseases.  One of the key factors of assays 
analysing antibody responses is the secondary antibody 
specific for the primary human antibody. Immunoassays 
using human samples detect mostly total human immu-
noglobulin G (IgG) or the four subclasses: IgG1, IgG2, 
IgG3 and IgG4, which differ in their constant region. Al-
lelic variations in the genes coding for the constant region 
of the IgG subclasses (IGHC genes) called IgG allotypes 
lead to further variability of these IgG proteins.  The aim 
of our study was to investigate the binding of the differ-
ent commercial secondary antibodies to the two main IgG 
allotypes, Gm5*;3;… and Gm21*;1,17…, found in Cau-
casians.
Methods: Human serum, purified antibodies, recombinant 
human monoclonal antibodies and therapeutic antibodies 
(Cetuximab, Rituximab) were analysed by ELISA and 
flow cytometry using different commercial secondary 
antibodies directed against human total-IgG, IgG1, IgG2 
or IgG3. Flow cytometry analysis were performed us-
ing LN18 cells stably transfected with human APQ4 and 
serum samples from patients with neuromyelitis optica 
(NMO) positive for AQP4. To stratify for the main IgG 
allotypes, DNA samples were genotyped using a TaqMan 
SNP genotyping assay. 
Results: Human serum and purified IgG samples were 
either homozygous for Gm5*;3;… and Gm21*;1,17… 
or heterozygous. Recombinant human IgG1 were mono-
clonal for G1m3, G1m1,17 or G1m1,2,17 and IgG3 were 
monoclonal for G3m5* or G3m21*. The Gm haplotypes 
had no effect on the binding of commercial secondary an-
tibodies directed against human total-IgG, IgG2 and IgG3 
to human serum antibodies, purified IgG or recombinant 
monoclonal IgG samples.  However, Gm allotypes had 
a major impact on the binding of IgG1 specific antibod-
ies. Some of the secondary antibodies directed against the 
hinge region detect the common allotypes with different 

affinity or even not at all.
Conclusion: Secondary antibodies play a crucial role in all 
antibody-based methods. The results of our study demon-
strate that there are Gm dependent differences in the bind-
ing of commercial secondary antibodies to IgG1. Thus, 
IgG1 based detection methods need to take into account 
the differential impact of human allotypes.

349 
A comprehensive evaluation of serum 
microRNAs as biomarkers in Multiple Sclerosis 

Keren Regev(1) - Anu Paul(1) - Brian Healy(2) - Felipe Von 
Glenn(1) - Camilo Diaz-cruz(2) - Taha Gholipour(2) - Maria 
Antonietta Mazzola(1) - Radhika Raheja(1) - Parham 
Nejad(1) - Bonnie I Glanz(2) - Pia Kivisakk(1) - Tanuja 
Chitnis(2) - Howard L. Weiner(1) - Roopali Gandhi(1) - R 
R(1)

Ann Romney Center Of Neurologic Diseases, Brigham And 
Women’s Hospital, Harvard Medical School, Boston, Ma, 
United States(1) - Partners Ms Center, Brigham And Women’s 
Hospital, Harvard Medical School, Boston, Ma, United States(2

Objective: To identify circulating microRNAs (miRNAs) 
linked to disease stage and disability in multiple sclerosis 
(MS).
Methods: Serum from 296 participants including patients 
with MS, other neurologic diseases (Alzheimer’s disease 
and amyotrophic lateral sclerosis), inflammatory diseases 
(rheumatoid arthritis and asthma) and healthy controls 
(HC) were tested. miRNA profiles were determined using 
LNA (locked nucleic acid) based qPCR. MS patients were 
categorized according to disease stage and disability. In 
the discovery phase, 652 miRNAs were measured from 26 
MS patients and 20 healthy controls (HC) serum. Follow-
ing this, significant miRNAs (p <0.05) from the discovery 
set were validated using qPCR in 58 MS patients, 30 HCs 
and in 74 samples from other disease controls (Alzheim-
er’s, ALS, asthma and rheumatoid arthritis). 
Results: We validated (p<0.05 in both discovery phase and 
validation) 7 miRNAs that differentiate MS patients from 
healthy controls; miR-320a up-regulation was the most 
significantly changing serum miRNA in MS patients. We 
also identified two miRNAs linked to disease progression, 
with hsa-miR-27a-3p being the most significant. Ten miR-
NAs correlated with EDSS of which miR.199a.5p had the 
strongest correlation with disability. Of the 15 unique 
miRNAs we identified in the different group comparisons, 
12 have previously been reported to be associated with 
MS but not in serum. 
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Conclusions: Our findings identify circulating serum 
miRNAs as potential biomarkers to diagnose and monitor 
disease status in MS.

375 
Gene polymorphisms as modifiers of response to 
interferon beta 1b in Serbian Multiple Sclerosis 
population (candidate gene study)

Maja Živković(1) - Aleksandar Pantovic(2) - Ana 
Kolaković(1) - Ljiljana Stojković(1) - Evica Dinčić(2)  
Ranko Raicevic(2) - Smiljana Kostić(2) - Dragan 
Alavantić(1) - Aleksandra Stanković(1)

”Vinča” Institute of Nuclear Sciences, Laboratory for 
Radiobiology and Molecular Genetics, University of Belgrade, 
Belgrade, Serbia(1) - Military Medical Academy, Neurology 
clinic, Belgrade, Serbia(2)

The aim of the study was to investigate whether the 
HLADRB1 1501, ACE, AT1R, AT2R, APOE, PPRG, IL-
7RA, CXCL16, TPA, PAI, HFE, GSTT1, GSTM1, gene 
polymorphisms affect the interferon beta 1b - Betaferon® 
treatment efficacy in MS patients of Serbian origin.
The study included 111 patients with clinically defined re-
lapsing-remitting MS who were receiving Betaferon® no 
less than two years. Responders were determined accord-
ing to clinical criteria. Patients with more than one relapse 
or/and increased value of EDSS for ≥1 were considered 
as non-responders. Genotyping for polymorphisms was 
done by PCR and restriction digestion.
We found no significant difference in gene polymor-
phisms between MS patients that are determined as re-
sponders and non-responders to Betaferon® treatment in 
Serbian population. Demographic as well as environmen-
tal factors have a substantial role in multiple sclerosis de-
velopment, as well as population genetic background. The 
results of this study indicate that other types of gene poly-
morphisms should be required as modifiers of response to 
IFN beta 1b - Betaferon®.

376 
Angiotensin-converting enzyme and angiotensin 
receptors gene polymorphisms as risk factors for 
multiple sclerosis 

Maja Živković(1) - Aleksandar Pantovic(2) - Ana 
Kolaković(1) - Ljiljana Stojković(1) - Evica Dinčić(2)  
Smiljana Kostić(2) - Dragan Alavantić(1) - Aleksandra 
Stanković(1)

”Vinča” Institute of Nuclear Sciences, Laboratory for 
Radiobiology and Molecular Genetics, University of Belgrade, 
Belgrade, Serbia(1) - Military Medical Academy, Neurology 
clinic, Belgrade, Serbia(2)

The components of renin-angiotensin system, such as an-
giotensin-converting enzyme (ACE), angiotensin II and 
angiotensin II receptor type 1 and 2 (AT1R and AT2R), 
are expressed in the central nervous system and leuko-
cytes and proposed to be involved in the inflammation 
and pathogenesis of multiple sclerosis (MS). ACE I/D, 
AT1R 1166A/C and AT2R -1332A/G are functional poly-
morphisms associated with phenotypes of diverse chronic 
inflammatory diseases. The aim of this study was to inves-
tigate the association between ACE I/D, AT1R 1166A/C 
and AT2R -1332A/G gene polymorphisms and MS in Ser-
bian population . A total of 470 MS patients and 478 con-
trols participated in the study. Allele-specific polymerase 
chain reaction (PCR) was performed for genotyping of 
the ACE polymorphism. The AT1R and AT2R genotyping 
was done by duplex PCR and restriction fragment length 
polymorphism analysis. Both ACE homozygotes, II and 
DD, were significantly overrepresented in MS patients, 
compared to controls (χ(2) test p=0.03). Neither genotype 
nor allele frequencies of AT1R 1166A/C polymorphism 
were significantly different between patients and controls. 
Significant overrepresentation of AT2R -1332 AA geno-
type in female patients, compared to female controls, was 
detected (OR=1.67, 95%CI=1.13-2.49, χ(2) test p=0.01), 
suggesting that this genotype could be a gender-specific 
genetic risk factor for MS.

380 
Treatment response of multiple sclerosis patients 
under second – line disease modifying treatment: 
a single center long term retrospective study.

Marina Boziki – Stylianos Kallivoulos - Christos 
Bakirtzis - Ioannis Nikolaidis – Eleni Polychroniadou  
Dimitrios Karacostas – Nikolaos Grigoriadis
B’ Neurological Department, Aristotle University of 
Thessaloniki, AHEPA General Hospital, Thessaloniki, Greece

Background: The switch from BRACE treatment to second 
– line treatment is advised for patients with relapsing – 
remitting multiple sclerosis (RRMS) that respond poorly 
to first – line treatment. Age, degree of disability upon 
switch and disease duration have been proposed to affect 
efficacy of second – line treatments. Aim: A retrospective 
analysis of the efficacy of second – line treatments (NTZ) 
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and fingolimod (FTY) in patients with RRMS poorly 
responding to BRACE treatment. Methods: Patients poorly 
responding to BRACE treatment were switched either to 
NTZ (N=66) or fingolimod (N=25). Expansion Disability 
Status Scale (EDSS) was assessed on a 6-month basis and 
annual MRI was evaluated for new T2 and Gd(+) lesions, 
for an up to 8-year follow up. Annualized Relapse Rate 
(ARR) was calculated, before and after switch. Age and 
disease duration, as well as EDSS score upon switch (≤ 
3 or > 3) were used as confounding factors. Data were 
registered on iMED software. Analysis was conducted 
by the use of Repeated Measures General Linear Model 
(RM-GLM). Data were presented as mean ± SD. Results: 
Patients’ mean age was 36,8 ± 9,51 and 34,8 ± 7,81 with a 
female to male ratio 2,9:1 and 2,44:1, for patients receiving 
NTZ and FTY, respectively. Mean EDSS upon switch was 
3,99±1,53 and 2,75±1,21 for NTZ and FTY, respectively. 
Mean disease duration upon switch was 9,63±5,74 and 
10,37±5,84 for NTZ and FTY, respectively. Compared to 

BRACE treatment, mean ARR decreased from 1,2±0,86 
and 0,8±0,67, to 0,5±0,93 and 0,1±0,2, for NTZ (p<0.001) 
and FTY patients (p<001), respectively.  A greater efficacy 
(p=0,04) was observed, in terms of ARR reduction, for 
NTZ treated patients with EDSS ≤ 3 upon switch from 
BRACE (from 1,61±1,04 to 0,27±0,27), compared to 
patients with EDSS > 3 (from 1,08±0,75 to 0,66±0,93). 
A similar tendency was observed for FTY treated patients 
(ARR for patients with EDSS ≤ 3 decreased from 
0,88±0,74 to 0,09±0,21, whereas for EDSS>3 decreased 
from 0,57±0,27 to 0,19±0,18). However, this tendency did 
not reach statistical significance (p=0,076), underlying the 
need for larger sample size. Age and disease duration did 
not contribute significantly (p>0,05). Conclusions: Our 
data indicate that switch for RRMS patients that respond 
poorly to BRACE treatment to second – line treatment at 
low rates of disability may exert beneficiary effect on the 
disease course by contributing to greater ARR reduction. 

Psychoneuroimmunology: Immunity over mind and mind over immunity

12 
Mice lacking alpha-beta T cells display a normal 
cognitive behaviour. 

Cláudia Serre-miranda - Susana Roque - João Pacheco  
Joana Palha - Margarida Correia-neves
Life And Health Sciences Research Institute (icvs), School Of 
Health Sciences, University Of Minho, Braga, Portugal

During the last decade the body of evidences demonstrat-
ing that the central nervous system needs a well function-
ing immune system to maintain its homeostasis has been 
growing. While the immune and the central nervous sys-
tems are known to interact in several pathological situa-
tions, the role of these interactions in the maintenance of 
health is a quite novel concept. Recent data on such inter-
play led to the current vision that the brain, rather than be-
ing an immune privileged organ, enjoys the privilege of be-
ing modulated by the immune system in several functions, 
namely in cognition. It was demonstrated that mice without 
T cells presented cognitive deficits that were reverted when 
the T cell pool is reconstituted, which it was not observed 
with other cellular populations. Among T cells, it was ob-
served that CD4-positive T cells-depletion led to impaired 
cognition and reduced hippocampal neurogenesis. 
T cells can recognize antigens through their T cell recep-
tor (TCR) that are composed by an alpha and beta or a 
gamma and delta chain. The most prevalent T cell popula-

tion in circulation are alpha-beta T cells, while gamma-
delta T cells reside mostly on mucosa. To test which of T 
cell populations are essential for cognitive performance 
maintenance we analyse the behaviour of TCRalpha KO 
mouse model, that lack alpha-beta T cells. We observed 
that male TCRalpha KO mice present a normal locomotor 
activity, no anxious-like behaviour, and are less depres-
sive-like when compared to WT litter mate controls. To 
evaluate cognitive behaviour, we performed the Morris-
water-maze and the novel object recognition task, and the 
TCRalpha KO mice presented a similar behaviour to WT 
mice. 
Possibly TCRalpha KO mouse have a compensation 
mechanism that overcome the lack alpha-beta T cells to 
maintain a proper cognitive function. However, the role 
of T cells populations in the cognitive function needs to 
be further explored.

39 
Prenatal fluoxetine alters the response to 
an immune challenge: possible role for 
glucocorticoid hormones 

Ronit Avitsur-Hamiel
School of Behavioral Sciences, The Academic College of Tel 
Aviv-Yaffo, Tel-Aviv, Israel.
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Fluoxetine (FLX), a selective serotonin reuptake inhibitor 
(SSRI) is a commonly prescribed antidepressant drug in 
pregnant women. FLX readily crosses the placenta and 
affects the development of the fetal brain. During fetal 
development, serotonin acts as a growth factor, as well as a 
trophic factor that is involved in regulating developmental 
processes such as cell division, differentiation, migration, 
myelination, synaptogenesis, and dendritic pruning. The 
goal of the present study was to examine the effects of 
prenatal FLX exposure on the response to an immune 
challenge in mice. Pregnant dams were injected with 
either saline or FLX throughout pregnancy. Offspring 
were administered with lipopolysaccharide (LPS) and 
circulating levels of proinflammatory cytokines were 
assessed. Prenatal FLX augmented interleukin (IL)-1beta 
response while suppressing TNF-alpha and IL-6 secretion 
in an age-and sex-dependent manner. Moreover, sickness 
behavior induced by LPS was blunted by prenatal FLX. A 
separate study examined the effects of prenatal stress in 
combination with FLX on the response to LPS. Prenatal 
stress significantly augmented the behavioral response to 
the immune challenge. Prenatal FLX did not prevent these 
responses, and, in many cases, augmented them. Lastly, 
an additional study assessed the effect of prenatal FLX 
on the response to stress. Prenatal FLX augmented most 
aspects of corticosterone response to continuous or acute 
stress. The dexamethasone suppression test revealed that 
prenatal FLX induced a state of glucocorticoid resistance 
indicating that the negative feedback control of the 
hypothalamic-pituitary-adrenal (HPA) axis was disrupted. 
These findings provide the first indication for altered 
response to an immune challenge following in utero 
SSRI treatment and suggest a role for the HPA axis in 
modulating the effects of prenatal SSRI. This study may 
contribute to the understanding of the effects of prenatal 
environment on the development of the neuroendocrine 
and immune systems and the interplay between these 
systems.  Furthermore, these findings may assist in 
understanding the limitations and precautions that should 
be taken in the use of SSRIs during pregnancy.

152 
Antidepressant Effects of Acupuncture Via 
Neuroimmunological Mechanisms. 

Jun Kawanokuchi(1) - Ken Takagi(1) - Nobuyuki 
Tanahashi(2) - Kaito Mizuno(1) - Yoshinori Sunami(1)  
Akihisa Yamamoto(3) – Atsushi Takeda(3) - Ko Nishimura(1) 
Torao Ishida(1)

Institute Of Traditional Chinese Medicine, Suzuka University Of 
Medical Science, Suzuka, Japan(1) - Clinical Nutrition, Faculty 
Of  Health And Hygiene, Suzuka University Of Medical Science, 
Suzuka, Japan(2) - Acupuncture And Moxibustion , Faculty Of  
Health And Hygiene, Suzuka University Of Medical Science, 
Suzuka, Japan(3)

Background: Depression is commonly treated with an-
tidepressant therapy, cognitive behavioral therapy and/
or electroconvulsive therapy. Antidepressant therapy is 
often the primary treatment for depression. But antide-
pressants may produce unwanted side effects. Therefore, 
some patients are seeking alternative treatment for depres-
sion such as the acupuncture in recent years. But there 
is limited evidence of antidepressant effectiveness of the 
acupuncture. In this study, we used mouse models of de-
pression induced by Forced Swimming or Social Defeat 
Stress to elucidate whether acupuncture stimulation ame-
liorates depression as well as antidepressant treatment by 
behavioral evaluation and molecular biological methods. 
Methods: Depression model mice were induced by Forced 
Swimming or Social Defeat Stress, and then it were divid-
ed into control group, acupuncture groups (Baihui: DU20 
and Yintng: Ex-HN4) and antidepressant treatment group 
(imipramine 10mg/kg, i.p.). The evaluation of depression 
was determined by immobility time in forced swimming 
test (FST). Expressions of cerebral neurotrophic factors 
and inflammatory cytokine were determined by RT-PCR. 
Results: The simultaneous acupuncture stimulation on 
DU20 and Ex-HN4 significantly reduced immobility time 
in FST as well as imipramine treatment. These acupunc-
tural stimulation enhanced mRNA expressions of NT-3 
and NT-4/5 of Forced Swimming or Social Defeat Stress 
model mice. And it also decreased TNF-alpha mRNA 
expression of the depression model mice. Conclusions: 
Simultaneous acupuncture stimulation on DU20 and Ex-
HN4 improves depression via regulations of neurotrophic 
factors and inflammatory cytokines.

174 
Activation of the brain’s reward system 
attenuates tumor growth in mice

Maya Schiller(1) - Tamar Ben-shaananh(1) - Ben Korin(1) 
Hilla Azulay-debby(1) - Jivan Shakya(1) - Miki Rahat(1)  
Fahed Hakim(2) - Asya Rolls(1)

Technion Israel Institute Of Technology, Immunology, Haifa, 
Israel(1) - Rambam Health Care Campus, Pediatric Pulmonary 
Unit, Haifa, Israel(2)
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A diagnosis of cancer is a life-changing event, which 
impacts the patient’s mental well-being. Previous stud-
ies have linked psychological and cognitive factors with 
the regulation of the immune response, which is known 
to play a key role in tumor progression, angiogenesis and 
metastasis. Most of the studies primarily focused on the 
effects of stress on immunity. However, increasing evi-
dence indicates that a positive emotional state also affects 
immunity. An important factor in the formation of a posi-
tive affect is the brain’s reward system. We used DRE-
ADDs to activate in tumor-bearing mice (Lewis lung 
carcinoma; LLC) the dopaminergic neurons in the ven-
tral tegmental area (VTA), a key component of the brain 
reward system. We found that the activation of the VTA 
attenuated tumor growth, resulting in reduced tumor size 
in mice whose VTA was repeatedly activated. We attribute 
these effects on tumor growth to changes in the anti-tumor 
immune response, specifically in CD11b+ GR1+ myeloid 
cells, which are known to have suppressive properties 
(MDSCs). The abundance of these cells was significantly 
reduced in the tumor microenvironment of the VTA-acti-
vated mice compared to controls. We further demonstrat-
ed that these effects were mediated, at least in part, via the 
sympathetic nervous system (SNS) resulting in reduced 
levels of norepinephrine in the bone marrow, where MD-
SCs are formed. Taken together, our data indicates that the 
reward system can affect tumor progression by enhancing 
the anti-tumor immune response. These findings highlight 
the potential involvement of mood-regulating circuits in 
the organism’s ability to fight cancer. 

175 
A reward for immunity- activation of 
dopaminergic neurons in the brain’s reward 
system boost anti-bacterial immunity 

Tamar L. Ben-shaanan(1) - Hilla Azulay-debby(1) - Tania 
Dubovik(1) - Elina Starosvetsky(1) - Ben Korin(1) - Maya 
Schiller(1) - Nathaniel L. Green(1) - Yasmin Admon(1)

Fahed Hakim(2) - Shai S Shen-orr(1) - Asya Rolls(1)

Technion, Immunology, Haifa, Israel(1) - Rambam Health Care 
Campus, Pediatric Pulmonary Unit, Haifa, Israel(2)

Clinicians recognize the potency of a patient’s positive 
expectations in recovery and thus often utilize “placebos” 
as a form of treatment. The formation of such positive ex-
pectations is mediated by the brain’s reward system, yet 
it remains unknown whether and how this system affects 
recovery. We found that activation of the ventral tegmen-
tal area (VTA), a key component of the reward system, 

affects the immune system, the organism’s main protec-
tion mechanism. We used DREADDs (Designer Recep-
tors Exclusively Activated by Designer Drugs) to directly 
activate the VTA in mice and characterized the subsequent 
effects on the immune system using functional assays. Ac-
tivation of the VTA prior to bacterial (E. coli) exposure 
increased the antibacterial activity of monocytes/macro-
phages and strengthened the adaptive immune response to 
the pathogen in the delayed-type hypersensitivity (DTH) 
model. Using chemical ablation, we show that these ef-
fects are mediated, at least in part, via the sympathetic 
nervous system (SNS). Thus, our findings establish a 
causal relationship between the activity of the VTA and 
anti-bacterial protective immunity, offering a new mecha-
nistic insight into the association between psychological 
and physical well-being. 

195 
Autoantibody profiling of patients with 
schizophrenia 

David Just(1) - Francis Cavallo(1) - Anna Häggmark(1)  
Thomas Schulze(2) - Erik Jönsson(3) - Janet Cunningham(4) 
Peter Nilsson(1)

Science For Life Laboratory, School Of Biotechnology - Kth, 
Royal Institute Of Technology, Stockholm, Sweden(1) - Medical 
Center Of The University Munich, Department Of Psychiatric 
Phenomics And Genomics, Munich, Germany(2) - Karolinska 
Institutet, Department Of Clinical Neuroscience, Centre 
Of Psychiatry Research, Stockholm, Sweden(3) - Uppsala 
University, Department Of Neuroscience, Psychiatry, Uppsala, 
Sweden(4)

Schizophrenia affects approximately 1% of the world 
population and therefore is considered as a major chroni-
cal mental illness. In the recent years a number of stud-
ies have shown a correlation between higher levels of 
autoantibodies and the frequency of autoimmune disease 
in patients with schizophrenia compared to healthy indi-
viduals. However, a disease associated biomarker has so 
far not been identified. In this study we used a targeted 
proteomics approach to validate the autoantibody reaction 
in patients with psychotic features. In this study several 
cohorts with different sample types have been used to in-
vestigate an autoimmune reactivity in psychotic patients. 
In total we analysed more than 500 samples in a first dis-
covery phase. Here we present Immunoglobulin G (IgG) 
reactivity profiled using the in-house developed planar ar-
ray technology.  In total we screened 128 schizophrenia 
patients and 48 healthy volunteers on 1152 protein frag-
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ments from the Human Protein Atlas. To validate the po-
tential findings, additional profiling was performed using 
the suspension bead array technology and IgG reactivity 
was measured in these patients and controls. Based on 
previous studies of autoantibodies in psychosis and our 
initial findings, we selected approximately 200 protein 
fragments from the Human Protein Atlas with a length 
of roughly 100 amino acids. Our findings clearly indicate 
altered immune response in patients with chronical men-
tal illness compared to healthy controls. In our study we 
identified potential predictive biomarkers for schizophre-
nia which are of interest for further studies in the field of 
psychiatry. Among these the integral membrane protein 
scavenger receptor class B member 1 (SCARB1) was 
found to show high IgG reactivity among 19 schizophre-
nia patients and no reactivity among the controls, indicat-
ing a possible disease involvement. By further validating 
these putative autoimmunity targets we could gain in-
sights into the autoantigens associated to chronical mental 
illnesses. Furthermore we can characterize the biological 
function of our findings in this disease.

271 
A comparison of B cell population in 
cerebrospinal fluid of healthy controls and 
patients with schizophrenia 

Sehba Husain-Krautter(1) - Anil Malhotra(2) - Thomas 
Rothstein(3)

Delaware Psychiatric Center(1) - The Zucker Hillside Hospital(2) 
Feinstein Institute for Medical Research(3)

Background: B and T cells are key players of the adaptive 
immune system. B cells express immunoglobulin recep-
tors that can bind and effectively react to a multitude of 
antigens. However little is known of the B cell repertoire 
in the cerebrospinal fluid (CSF) of healthy individuals and 
patients with schizophrenia. The primary objective of this 
project was to sequence immunoglobulin produced by B 
cells in CSF of both schizophrenia patients and healthy 
individuals in order to test the hypothesis that CSF B cell 
repertoire in patients affected by schizophrenia is differ-
ent from that of healthy controls. We also compared im-
munoglobulin produced by CSF B cells and peripheral 
blood (PB) B cells to determine whether these populations 
differ. 
Methods: Paired samples of CSF and PB from healthy 
volunteers and patients were obtained and single B cells 
were isolated via FACS. The immunoglobulin repertoire 
encoded by these B cells was determined using high-

throughput deep sequencing technology. Data was ana-
lyzed to determine: VH, DH, and JH family and subfam-
ily usage, N region addition, CDR3 length, and somatic 
mutation. 
Results: After analyzing sequences from 5 schizophrenia 
patients and 5 healthy controls, our results suggest that, 
In both patients and controls, B cells in CSF do not reca-
pitulate PB B cells but represent a select subpopulation 
VH family usage is different in CSF B cells of patients 
with schizophrenia compared to CSF B cells of healthy 
controls
Increased mutations are seen in CSF B cells from patients 
compared to controls 
Average complementarity determining region 3 (CDR3) 
length of CSF B cells in patients is longer than in controls 
Discussion: Our results suggest a difference in immuno-
globulin repertoire of B cells in CSF of schizophrenia pa-
tients compared to healthy individuals. Although B cell 
repertoire in PB of healthy individuals is comparable to 
that of patients, the difference in CSF B cells suggests se-
lection of a particular subset in CSF of patients that could 
be responsible or contributory to disease pathology. This 
novel finding also opens new questions regarding antibod-
ies targeting brain-specific tissue in individuals affected 
by schizophrenia. The knowledge gained from this study 
may ultimately aid in evaluating the relationship between 
clinical symptoms and immune dysfunction through study 
of B cell antibodies in patients with schizophrenia

299 
The predictive value of cognitive evaluation in 
multiple sclerosis 

Ron Milo(1) - Jenia Reznuk-Zoref(2) - Omer Hegedish(3) 
Semion Kertzman(4)

Barzilai Medical Center, Department Of Neurology, Ashkelon, 
Israel, and Faculty Of Health Sciences, Ben-Gurion University 
Of The Negev, Israel(1) - Barzilai Medical Center, Department 
Of Neurology, Ashkelon, Israel(2) - University Of Haifa, 
Department Of Psychology, Haifa, Israel(3) - Beer Yaakov 
Mental Hospital, Sackler School Of Medicine, Tel-Aviv 
University, Tel-Aviv, Israel(4)

Introduction: Cognitive impairment affects 40-70% of 
multiple sclerosis (MS) patients and has a dramatic im-
pact on their quality of life, performance at work and 
social life. Several early epidemiologic, clinical and im-
aging factors can predict future disability and disease pro-
gression, however, cognitive predictors are still lacking. 
Aims: To assess the ability of specific computerized real-
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time cognitive tests to predict disability progression at 1 
year after initiating immunomodulatory treatment for MS 
in comparison with the predictive value of the Expanded 
Disability Status Scale (EDSS).    
Patients and Methods: Fifty three relapsing-remitting 
(RR) MS patients (F=42, mean age 36.02±9.25, mean 
EDSS 2.18±1.27) who started immunomodulatory treat-
ment with glatiramer acetate or interferon beta prepara-
tions underwent cognitive evaluation using a computer-
ized real-time battery of basic neuropsychological tests 
(“CogScan”; Anima Scan LTD), which includes: Finger 
Tapping Test (FTT), Simple Reaction Time (SRT), Choice 
Reaction Time (CRT), Immediate and Delayed Memory 
for Pictures, Words and Faces and Digit Running (Speed-
Accuracy Tradeoff, a test that assesses shift from speed 
of mental processing to working memory related error 
checking) test. Disability was measured every 3 months 
using the expanded disability status scale (EDSS). Uni-
variate logistic regression analysis was conducted for 
each predictor and the most robust predictor was analyzed 
by receiver operating characteristic (ROC).
Results: At 1 year, 9 patients (17%) had 3-months sus-
tained disability progression. Baseline EDSS could not 
predict disability progression, whereas real time comput-
erized assessment of simple cognitive functions yielded 
four statistically significant predictors: Standard deviation 
(SD) in both Finger Taping Test and Digit Running task, 
accuracy and latency in the Digit Running Task. The Digit 
Running I SD showed the best predictive value for dis-
ability progression. 
Conclusions: Baseline cognitive assessment, especially 
slow and highly variable performance on the Digit Run-
ning task, but not baseline EDSS, can predict the progres-
sion of neurological disability after one year in RRMS.

302 
A follow-up study in Mayor Depressive 
Disorders: advanced FACS and gene expression 
analysis 

Anna Maria Finardi(1) - Sara Di Toro(1) - Cristina Lorenzi(2) 
Adele Pirovano(2) - Sara Poletti(2) - Luca Battistini(3) 
Giovanna Borsellino(3) - Gualtiero Colombo(4) - Elisa 
Bono(4) - Francesco Benedetti(2) - Roberto Furlan(1)

San Raffaele, Department Of Clinical Neuroimmunology, Milan, 
Italy(1) - San Raffaele, Department Of Clinical Neurosciences, 
Milan, Italy(2) - Santa Lucia Foundation, Neuroimmunology 
Unit, Roma, Italy(3) - Irccs Monzino, Cardiological Centre, 
Milano, Italy(4)

Psychiatric diagnoses are still based on criteria that fo-
cus on behavioral observation and symptom endorsement 
without corresponding biological validation. Recently 
studies have suggested that psychiatric disorders could be 
considered as inflammatory disorders, even if the exact 
mechanisms underlying this association are not known. 
In our previous study we interrogated blood samples from 
a relatively small but very selected and homogenous co-
hort of patients affected by major psychoses to identify 
an immune-signature in comparison with age and gender-
matched healthy individuals. Our data showed that there 
is an increased M1/decrease M2 signature in the periph-
eral blood of bipolar patients with potential Th1/Th2 
shift.  In this follow-up study, we increased the number 
of patients (n=120) affected by major depression (MD) 
and bipolar disorders (BP), and we will present a detailed 
FACS analysis to determine the various T cell subsets 
including Th cells, T cytotoxic cells and T reg cells in 
frozen stored blood mononuclear cells (PBMC). PBMCs 
will be also tested for pro-inflammatory gene expres-
sion using an Openarray® panel (plate format 56 assays 
x 48 samples: IL1A, IL1B, IL6, IL12A, IL17A, IL21, 
IL22, IL23A, TNFA, IFNG, IFNA1, IFNA21, CCR6, 
Tbet, RorT, CXCL10, SOD-2, GM-CSF,  iNOS, CXCR3, 
CCR7, CCL5, CCL2, PTX3, ATF3, EGR3, Irg1, IL4, IL9, 
IL10, IL27, IL5, IL13, Gata3, Trem2, CD206, Arginase 1, 
Ym1, CCL17, CCL22, CCL1, DUSP2, MXD1, PTPN7, 
NAB2, CD138, IL2RA, TGFB1, CD39, FOXP3, BDNF, 
CD4, IgD, CD38, CD19, CD27) in order to correlate the 
expression levels of the various genes with different T cell 
parameters. Finally selected serum cytokines will be mea-
sured using Elisa assays. 

348 
Antiphospholipid syndrome, annexin antibodies 
and behavior 

Ronen Weiss(1) - Almog Bittion(2) - Marina Ben Shimon(3) 
Limor Nahary(2) - Itai Benhar(2) - Joab Chapman(4)

Tel Aviv University, Sagol School Of Neuroscience, Tel Aviv, 
Israel(1) - Tel Aviv University, Department Of Molecular 
Microbiology And Biotechnology, Tel Aviv, Israel(2) - Tel Aviv 
University, Department Of Physiology And Pharmacology, 
Sackler Faculty Of Medicine, Tel Aviv, Israel(3) - Sheba Medical 
Center, Department Of Neurology, Tel Hasomer, Israel(4)

Antiphospholipid syndrome (APS) is an autoimmune dis-
order, characterized by a hyper coagulable state caused 
by antiphospholipid antibodies. Although not part of the 
clinical criteria neurological disorders are often associ-
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ated with the syndrome. One of the novel autoantigens 
associated with this disease is Annexin A2 (ANXA2) 
which is a binding partner of beta 2 glycoprotein, the 
major autoantigen in the syndrome. ANXA2 is a calcium 
and anionic phospholipid binding protein that exists as a 
monomer and as a hetrotetrameric complex with p11. The 
complex plays a key role in a number of processes includ-
ing coagulation, exocytosis and endocytosis. Moreover, 
recent data strongly suggest that the ANXA2:p11 com-
plex exists in the brain and plays a role in depression and 
therapeutic responses to antidepressants.  Therefore this 
study was designed to identify if anti ANXA2 antibod-
ies can lead to behavioral alterations in a mouse model. 
Recombinant ANXA2 emulsified in adjuvant was used 
to immunize female balb/c mice while mice immunized 
with adjuvant only served as controls. The animals under-
went behavioral and cognitive tests at two time points: at 
peak antibody levels and when the levels of the antibod-
ies decline. Afterwards the mice brains were examined 
for IgG and expression of ANXA2 and the closely linked 
protein p11. Very high levels of anti-ANXA2 antibodies 
(Abs) were associated with reduced anxiety in the open 
field 13.14%±0.89% of the time in the center compared 
to 8.64%±0.91% observed in the control mice(p<0.001 
by t- test) and in the staircase exam. A forced swim test 
found significantly less depression manifested by immo-
bility in the ANXA2 group. The changes in behavior were 
accompanied by a significant reduction in serum corti-
costeroid levels of ANXA2 group compared to controls. 
Moreover, higher levels of total IgG and p11 expression 
were found in ANXA2 group brains. Low levels of cir-
culating anti-ANXA2 Abs were not associated with any 
behavioral changes. In conclusion, we have established an 
animal model with high levels of anti-ANXA2 Abs which 
induced IgG accumulation in the brain and specific anxio-
lytic and anti-depressive effects. This behavioral change 
is transient and correlates with the levels of anti ANXA2 
Abs in the sera.  This model promises to further our un-
derstanding of autoimmune disease such as APS and to 
provide better understanding of the role of the ANXA2-
p11 complex in the brain. 

357 
Chronic-stress induces microglial hyper-
ramification and up-regulation of cytokines in 
stress-responsive brain regions 

Simone Brioschi - Knut Biber
Uniklinikum Freiburg, University Hospital Psychiatry And 
Psychotherapy, Freiburg, Germany

Microglia are suggested to be involved in several neuro-
psychiatric diseases, like depression and other stress-re-
lated disorders. Our group recently published that microg-
lia in the Dentate Gyrus become hyper-ramified during 
stress. Surprisingly, CX3CR1 knock-out mice appeared 
clearly resilient to stress-induced depressive-like behav-
ior. Moreover, microglia did not show signs of hyper-ram-
ification under CX3CR1 knockout condition. We there-
fore suggested a potential correlation between microglia 
hyper-ramification and depressive-like behavior in mouse 
[Hellwing 2015], although the molecular mechanism is 
still unclear. 
As next step we aimed to investigate microglial morphol-
ogy in mouse model of chronic-stress among different 
brain regions. We selected six “stress-responsive” regions 
with acknowledged association with depressive-like be-
haviors, and three “control regions” with no involvement 
in stress-response. Microglial morphology was assessed 
under basal condition and after stress-exposure by means 
of confocal microscopy and 3D cell reconstruction. Fur-
thermore, microglia were acutely isolated from either 
Hippocampus or Cortex and expression of canonical pro-
inflammatory cytokines (CCL2, TNFa, IL1b and IL-6) 
was assessed by qPCR. Moreover, number of glutamater-
gic synapses in both Hippocampus and Cortex were esti-
mated in confocal imaging. 
Our data pinpointed a clear tendency of microglia towards 
hyper-ramification after stress exposure. However, such 
a morphological transition was seemingly restricted to 
specific (stress-sensitive) brain regions. Hyper-ramified 
microglia in the Hippocampus increased expression of 
pro-inflammatory cytokines (especially IL1b and IL-6), 
while non hyper-ramified microglia in Cortex did not. 
Interestingly, Hippocampus from stressed mice showed a 
remarkable loss of glutamatergic synapses. By contrast, 
density of glutamatergic synapses in cortical layer II/III 
from the same animals (where microglia are not hyper-
ramified) was apparently unaffected. As future direction 
we wish to determine whether hyper-ramified microglia 
may play a role in loss of synapses (potentially by either 
releasing pro-inflammatory mediators or through phago-
cytosis), and ultimately whether this mechanism be criti-
cal for development of depressive-like behavior in our 
mouse model of chronic-stress. 

379 
The effect of oligodendrogenesis overexpression 
in the dentate gyrus on hippocampal-related 
behavior and plasticity.
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Maayan Krispil(2) - Rachel Anunu(2) - Daniella Kaufer(1)  
Gal Richter Levin(2)

Department of Integrative Biology, Helen Wills Neuroscience 
Institute, University of California, Berkeley, CA, USA(1) - The 
institute for the study of affective neuroscience , the University 
of Haifa, Haifa, Israel(2)

Exposure to stress or stress hormones was shown to affect 
hippocampal synaptic plasticity, neurogenesis, oligoden-
drogenesis, neural morphology as well as disrupt hippo-
campus-dependent memory performance.
The dentate gyrus (DG), where adult spontaneous neu-
rogenesis takes place, contains a unique population of 
neural stem cells (NSCs) that proliferate throughout 
adulthood and have functions in regulating negative af-
fective states including stress response, fear, anxiety and 
depression. Juvenile stress, was already shown by our lab, 
to contribute to predisposition to PTSD. We hypothesized 

that inducing overexpression of the transcription factors 
oligo1, which can be expected to affect  oligodendrogen-
esis, would mimic the effects of juvenile stress exposure, 
and therefore may increase anxiety-related behaviors and 
impair learning skills. 
Using lentivirus injection, we aimed to induce overex-
pression of Olig1 in the DG during juvenility, and moni-
tored stress related activity as well as electrophysiology 
measurements, later, during adulthood. We were surprised 
to find out that the overexpression of Olig1 decreased 
anxiety like behavior. However, LTP measured in the DG 
after applying Olig 1 overexpression was impaired.
Together, our results suggest that the overexpression of 
Oligo 1 may alter hippocampal function in a different way 
than Juvenile stress, modulating neuronal plasticity in the 
DG. The behavioral impact of those alterations remains 
to be studied.  

Repair / regeneration, stem cells and neuroimmunomodulation

15 
Sera of relapsing-remitting multiple 
sclerosis patients express high levels of bone 
morphogenetic protein-2 that correlate with 
BMP-4 and BMP-5 levels, and induce low 
neuronal phenotype in P19 cells. 

Moran Penn(1) - Karin Mausner-Fainberg(2)  
Maya Golan(2) - Arnon Karni(1)

Neuroimmunology Laboratory, Department Of Neurology, Tel 
Aviv Sourasky Medical Center, Sackler’s Faculty Of Medicine, 
Tel Aviv University, Tel Aviv, Israel(1) - Neuroimmunology 
Laboratory, Department Of Neurology, Tel Aviv Sourasky 
Medical Center, Tel Aviv, Israel(2)

Background: Neural stem cells (NSCs) differentiation into 
functional neurons and oligodendrocytes are insufficient 
in MS. Bone morphogenic proteins (BMPs) are known to 
regulate NSCs differentiation and antagonizing  BMPs is 
required for neurons and oligodendrocytes differentiation. 
Methods: Sixty six untreated RR-MS patients and 44 
matched HC or control cerebrospinal fluid (CSF) donors 
were included in the study. The levels of BMP-2,-4 &5 
and their antagonists, noggin and follistatin were mea-
sured in the sera and CSF by ELISA. P19 cells serve as 
neuronal stem cells (NSC) model, they acquire MAP-2+ 
neuronal phenotype in response to retinoic acid (RA). 
Correlation between BMPs, noggin and follistatin was 
calculated by spearman’s p-value using the Bonferroni’s 

correction. The effect of sera from RR-MS patients or HC 
on P19 cells phenotype was examined by stimulating P19 
cells with RA, for 4 days and incubation with or without 
BMP2 neutralizing Ab.  MAP-2 expression was examined 
by immunofluorescence staining and confocal microsco-
py on day 8. 
Results: BMPs, noggin and follistatin, were detected only 
in the sera but not in the CSF. BMP-2 was significantly 
higher in sera of RR-MS patients (130.6 ± 47.9 pg/ml) 
vs. HC (15.6 ± 6.3 pg/ml, p= 0.020). No significant dif-
ferences between RR-MS patients and HC were found for 
the other BMPs, or their antagonists. A positive correla-
tion was found between all 3 BMPs only in the RR-MS 
group (BMP-2 vs. BMP-4, r= 0.52, p= 0.0002; BMP-2 vs. 
BMP-5, r= 0.52, p= 0.0003; BMP-4 vs. BMP-5, r= 0.61, 
p= 0.0001). A positive correlation was found between fol-
listatin and noggin only in HC group (r= 0.61, p= 0.0035). 
BMP-2 inhibited the RA-mediated MAP-2 expression 
on P19 cells. In the presence of RA and BMP2, the ad-
ditions of HC sera induced increased MAP-2+ P19 cells 
phenotype (78.2±1.8% MAP-2+cells) vs. sera of RR-MS 
patients (47.9±5.9% MAP-2+ cells, p=0.005).  
Conclusions: The elevated levels of BMP-2 in the sera of 
RR-MS patients may contribute to the reduced regenera-
tion capacity of neurons and oligodendrocytes in MS. A 
positive correlation between BMP-2, -4 and -5 merely in 
the RR-MS patients group support this reduce tendency of 
NSCs differentiation in RR-MS. The impaired capacity of 
sera from RR-MS patients to induce a neuronal phenotype 



151

Book of Abstracts

in vitro, suggest that peripheral factors, such as BMPs, 
play a role in reduced capacity of remyelination and neu-
roregeneration in MS.  

17 
Human embryonic stem cell -derived 
oligodendrocyte progenitor cells provide long 
term immune-regulation and protection in a 
chronic-relapsing model of multuple sclerosis 

Yossi Nishri(1) - David Hampton(2) - Etti Ben-Shushan(3)  
Benjamin E Reubinoff(3) - Siddharthan Chandran(2)  
Tamir Ben-Hur(1)

Hadassah Hebrew University Medical Center, Dept. Of 
Neurology, Jerusalem, Israel(1) - University of Edinburgh, 
Division of Clinical Neurosciences, Edinburgh, United 
Kingdom(2) - Hadassah Hebrew University Medical Center, 
Human Embryonic Research Center, Jerusalem, Israel(3)

Multiple studies have highlighted the immune-regulatory, 
neurotrophic and neuroprotective properties of stem cells, 
providing the current rationale for clinical translation 
of cell therapy in multiple sclerosis (MS). Neural 
precursor cells inhibited the immune-mediated injury 
in experimental autoimmune encephalomyelitis (EAE), 
resulting in a milder long term sequel. However, to 
date, it has not been shown whether stem cells induce 
ongoing therapeutic effects in a chronic active, relapsing-
progressive model of MS. Also, while Oligodendrocyte 
progenitor cells are the main remyelinating cell type 
in the adult CNS, it is not known whether these cells 
exhibit also therapeutic immune-regulatory effects. 
We therefore examined whether human embryonic stem cell 
(hESC)-derived oligodendrocyte progenitor cells (hOPCs) 
inhibit chronic relapsing EAE in the Biozzi mouse model. 
EAE was induced in Biozzi mice by immunization 
with spinal cord homogenate. The mice developed an 
acute relapse, followed by a chronic relapsing course, 
with active neuroinflammation, manily in the spinal 
cord, and typical demyelinated plaques in the spinal 
tracts with variable degrees of axonal injury and loss. 
hESC cultures were neuralized, and then exposed to 
retionic acid and purmorphamine for caudalization and 
ventralization. hOPC enriched cultures were propagated 
for 7-8 weeks prior to transplantation. hOPCs were 
transplanted intracerebroventricularly into Biozzi mice 
at day 30 post-EAE induction, at remission from the first 
clinical relapse. Olig2+ hOPCs were detected along spinal 
cord meninges during the 65 days of follow-up. Following 
transplantation, the animals exhibited a significant 

milder disease, in terms of mean and cumulative 
clinical scores, and reduced risk of developing a second 
relapse, as compared to vehicle-injected EAE mice. The 
hOPC-transplanted mice exhibited significantly less 
neuroinflammation (as indicated by CD3+ T cell and IBA-
1+ microglial/macrophage infiltration) and significantly 
less demyelination and axonal loss (as indicated by 
Gold-Black and Bielchowsky staining, as well as by 
Toluidine-blue semi-thin stained cervical spine sections).  
Thus, we show here for the first time that hOPCs possess 
immune-regulatory and neuroprotective properties. 
Moreover, their beneficial effects persist long-term in 
vivo, following transplantation into a clinical-relevant 
model of chronic active MS.

20 
Investigating the role of astrocytes’ anti-
excitotoxicity potential for neuronal damage 
formation in experimental autoimmune 
encephalomyelitis – an in vivo two-photon 
imaging approach

Kamil S. Rosiewicz(1) - Tadhg Crowley(1) - Marlen 
Alisch(1) - Anca Margineanu(2) - Volker Siffrin(1)

Charité - Universitätsmedizin Berlin, Experimental And Clinical 
Research Center (ecrc) / Neuroimmunology Lab, Berlin, 
Germany(1) - Max Delbrück Center For Molecular Medicine, 
Advanced Light Microscopy, Berlin, Germany(2)

Neuronal damage in autoimmune neuroinflammation is 
the correlate for long-term disability in patients suffering 
from Multiple Sclerosis (MS). Recent reports suggest that 
differences in disability accumulation might derive from 
genetic variations of genes involved in CNS glutamate 
homeostasis. We have recently demonstrated that neuro-
nal damage formation was in part caused by excitotoxic-
ity. Glutamate homeostasis is a major task of astrocytes, 
which have the capacity to remove excitotoxic substances 
from the extracellular space and are responsible for local 
confinement of transmitter release. We investigated the 
role of astrocytes in established EAE lesions in respect 
to neuronal and myelin damage. We monitored the com-
plex processes of the immune cell attack onto axons using 
two-photon laser scanning microscopy of living anaesthe-
tized mice. We made use of fluorescence lifetime imag-
ing microscopy (FLIM), which identifies the fluorescent 
decay rate of the fluorescence of a given fluophore. By 
that we improved the sensitivity of Ca2+ measurements  
in transgenic mice which express fluorescent Ca2+ indi-
cators in the neuronal compartment. We used this tech-
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nique to analyze the impact on axonal damage formation 
of different substances which were given during imag-
ing on EAE lesions in living anaesthetized mice. In vivo 
imaging revealed that axonal Ca2+ elevations as sign of 
reversible neuronal and axonal damaged were influenced 
by inhibitors and modulators of the astrocytic excitatory 
amino acid transporters (EAAT)-1 and EAAT-2. Live-
imaging during disease has highlighted the overall role 
of astrocytes for damage processes in the inflamed CNS. 
These findings might open up new therapeutic targets to 
stop neurodegeneration and progressing disability in MS 
patients

30 
Effect of fingolimod on neural stem cells: A novel 
mechanism and broadened application for neural 
repair

Yuan Zhang(1) - Xing Li(1) - Bogoljub Ciric(1) - Cun-gen 
Ma(2) - Bruno Bran(3) - Abdolmohamad Rostami(1)  
Guang-xian Zhang(1)

Thomas Jefferson University, Thomas Jefferson University 
Hospital, Philadelphia, United States(1) - Shanxi Datong 
University, Medical School, Datong, China(2) - University 
Of Nottingham, School Of Medicine, Nottingham, United 
Kingdom(3)

Inflammatory demyelination and axonal damage of the 
central nervous system (CNS) are hallmarks of mul-
tiple sclerosis (MS) and its animal model, experimen-
tal autoimmune encephalomyelitis (EAE). Fingolimod 
(FTY720), the first FDA-approved oral medication for 
MS, suppresses acute disease but is less effective at the 
chronic stage, and whether it has a direct effect on neuro-
regeneration in MS/EAE remains unclear. Here we show 
that FTY720, at nanomolar concentrations, effectively 
protected neural stem cell (NSC) survival and enhanced 
their development into mature oligodendrocytes (OLGs) 
in vitro, primarily through the S1P3 and S1P5 receptors. 
In vivo, treatment with either FTY720 or NSCs alone 
had no effect on the secondary progressive stage of re-
mitting-relapsing EAE, but a combination therapy with 
FTY720 and NSCs promoted significant recovery, includ-
ing ameliorated clinical signs and CNS inflammatory de-
myelination, enhanced MBP synthesis and remyelination, 
inhibited axonal degeneration, and reduced astrogliosis. 
Moreover, FTY720 significantly improved incorporation 
and survival of transplanted NSCs in the CNS, and drove 
their differentiation into more OLGs but fewer astrocytes, 
thus promoting remyelination and CNS repair processes 

in situ. Our data demonstrate a novel effect of FTY720 
in NSC differentiation and remyelination, broadening its 
possible application to NSC-based therapy in the second-
ary progressive stage of MS.

40 
Quantifying remyelination in vivo - metabolic 
labeling of myelin in an animal model of multiple 
sclerosis  

Rina Aharoni - Chava Rozen - Elias Shezen - Dekel D. 
Bar Lev - Michael Sela - Ruth Arnon
The Weizmann Institute Of Science, University, Rehovot, Israel

An essential challenge for multiple sclerosis (MS) therapy 
is not only to ameliorate the inflammatory aspect of the 
disease, but to promote repair processes and remyelin-
ation beyond their limited spontaneous extent. However, 
conclusive validation and quantification of remyelin-
ation, namely the formation of newly generated myelin, 
is a major obstacle for testing potentially remyelinating 
therapies. In this study we aimed to develop quantitative 
strategy to assess remyelination in the animal model of 
MS, experimental autoimmune encephalomyelitis (EAE), 
in particular in the proteolipid protein (PLP) 139-151 
peptide-induced model, in which extensive demyelination 
and remyelination are characteristic. Towards this end, 
we used the metabolic incorporation of a choline analog 
- propargyl-choline (P-Cho) into the central nervous sys-
tem (CNS) to in situ label and visualize newly synthesized 
myelin. To quantify the specific P-Cho incorporation spe-
cifically into myelin, we further developed an unbiased 
computerized analysis, in which in sections co-stained 
for P-Cho, myelin and cell bodies, a surface was created 
in the white matter, and the region of interest (ROI) was 
defined as the P-Cho incorporated area, subtracted by the 
infiltrating cell bodies stained area, colocalized with the 
myelin stained area. Injection of P-Cho to mice recover-
ing from EAE, either spontaneously or following treat-
ment with glatiramer acetate (GA) resulted in significant 
elevation of P-Cho incorporation into the myelin in the 
spinal cord white matter, compared to naïve mice. Fur-
thermore, the colocalization analysis revealed more re-
myelination in GA-treated mice compared to untreated 
mice, as indicated by both the area and the intensity of 
the P-Cho incorporation specifically into the myelin. This 
can be linked to previous immunohistochemical analyses, 
transmission electron microscopy (TEM) and magnetic 
resonance imaging (MRI) studies, in which GA promoted 
myelination in EAE as well as at postnatal development. 
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These findings indicate that newly synthesized myelin in 
the CNS can be detected and quantified by in vivo met-
abolic labeling, thus offering a novel strategy to assess 
remyelination in animal models and the remyelination po-
tential of candidate therapies. 

68 
Prickle1 as positive regulator of oligodendrocyte 
differentiation 

Rina Ilona Zilkha-falb - Michael Gurevich - Erez Hanael 
Anat Achiron
Sheba Medical Center, Center Of Multiple Sclerosis,  
Ramat-gan, Israel

Spontaneous neural repair from endogenous neural stem 
cells (NSCs) niches occurs in response to central nervous 
system (CNS) injuries to only a limited extent. Uncover-
ing the mechanisms that control neural repair and can be 
further manipulated to promote NSCs towards oligoden-
drocyte progenitors cells (OPCs) and myelinating oligo-
dendrocytes is a major objective. 
In the current study, we describe high throughput tran-
scriptional changes in adult mouse subventricular zone 
(SVZ)-NSCs during differentiation in vitro. In order to 
identify myelin specific transcriptional regulators amongst 
large transcriptional changes associated with differentia-
tion we have focused on transcripts encoding transcrip-
tion factors and regulators showing expression profile that 
is highly correlated with expression of myelin encoding 
genes. We have revealed previously undescribed effect 
of Prickle1 and Nfe2l3 transcriptional regulators that are 
positively correlated (r=0.92, p=2.8x10-10 and r=0.88, 
p=7.8x10-9, respectively) with expression of myelin ba-
sic protein (MBP). Using Prickle1 and Nfe2l3 silencing 
and immunocytochemistry approaches we demonstrated 
that silencing of Prickle1 dramatically decreases differen-
tiation to NG2+OPCs by 90.6% (p<0.002) while Nfe2l3 
moderately decreases by 31.9% (p<0.04) as compared 
with control siRNA. Moreover, silencing of Prickle1 also 
decreases maturation of OPCs to MBP+ oligodendrocytes 
by 77.4% (p<0.002). This inhibitory effect of Prickle1 si-
lencing was also evident at different time points of NSCs 
differentiation to NG2+OPCs and CNPase+ or MBP+ 
oligodendrocytes. Interestingly, expression of Prickle1 by 
CNPase+ pre-myelinating and MBP+ myelinating oligo-
dendrocytes is increased at EAE remission as compared 
with peak of EAE.
Our findings demonstrate the role of Prickle1 in posi-
tive regulation of differentiation and maturation towards 

myelinating oligodendrocytes suggesting that targeting 
Prickle1 in CNS injuries and particularly in demyelinat-
ing disease could promote generation of myelinating oli-
godendrocytes from endogenous niches to replenish dam-
aged oligodendrocytes. 

81 
Possible role of microRNAs in the modulation of 
neuroinflammation by mesenchymal stem cells 

Chiara Marini(1) - Benedetta Parodi(1) - Nicole Kerlero De 
Rosbo(1) - Marco Milanese(2) - Giambattista Bonanno(2) - 
Antonio Uccelli(1) - Debora Giunti(1)

Neuroimmunology Unit, Department Of Neurosciences 
(dinogmi) - University Of Genoa, Genoa, Italy(1)

Pharmacology And Toxicology Unit, Department Of Pharmacy 
(difar) - University Of Genoa, Genoa, Italy(2)

The degeneration of lower and upper neurons in amyo-
trophic lateral sclerosis (ALS) is associated with a neuro-
inflammatory reaction in which microglia play a promi-
nent role.
Treatment of SOD1-G93A mice (mSOD1) with mesen-
chymal stem cells (MSC) improves clinical outcome and 
pathological scores, and modulates the neuroinflamma-
tion typical of this ALS model. We postulate that MSC 
ameliorate clinical murine ALS in part via modulation of 
microglial phenotype through specific RNAs shuttled by 
exosomes present in their secretome.
Our microarray experiments revealed nine microRNAs 
(miRNAs) that were significantly upregulated in MSC 
cultured under inflammatory stimulus with IFNg. 
As a prerequisite to our postulate, we sought to ascertain 
whether or not the miRNAs that are upregulated in MSC 
could modulate the activated microglia phenotype. Ac-
cordingly, we transfected lipopolysaccharide-activated 
murine microglial N9 line cells with miRNA mimics and 
analyzed the expression of genes associated with proin-
flammatory/neurotoxic (M1-like) and anti-inflammatory 
(M2-like) phenotypes. Our preliminary results suggest 
that miR-466q and miR-467f are able to downregulate 
proinflammatory genes in activated microglia, while 
miR-466m5p, miR-5126 and miR-3082-5p significantly 
upregulated the M2-like phenotype. We observed that all 
nine miRNAs are present within the exosomes released 
by IFNg-primed MSC, with the immunomodulatory miR-
NAs miR-466q and miR-467f being significantly overex-
pressed. We have used the MirWalk database to predict 
possible target genes for these two miRNAs and KEGG 
Pathway and PANTHER databases to predict the path-
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ways involved, including MAPK pathways, which we are 
presently validating. We have verified in vitro that exo-
somes, which contain these modulatory miRNAs, do enter 
microglial cells, and experiments are ongoing to monitor 
the efficient release of the miRNAs and their predicted 
modulatory effect on microglia isolated from mSOD1 at 
relevant time points of the ALS-like disease. These data 
are prerequisite to obtain an in-vivo proof of concept that 
administration of exosomes to mSOD1 can recapitulate 
the beneficial effect of the MSC themselves.

96 
Reparative macrophages that robustly promote 
remyelination: unexpected integration of pro-and 
anti-inflammatory triggers 

Manoj Mishra(1) - Khalil Rawji(1) - Michael B. Keough(1)  
Yan Fan(1) - Reza Dowlatabadi(2) - Hans Vogel(2) 
V. Wee Yong(1)

Hotchkiss Brain Institute, University Of Calgary, Calgary, 
Canada(1) - Department Of Biological Sciences, University Of 
Calgary, Calgary, Canada(2)

Although neuroinflammation can be injurious, it has be-
come evident that an immune response is also required 
for repair of the CNS following insults. To attempt to 
elicit reparative inflammation without incurring injury, 
we examined macrophages exposed to classic pro-inflam-
matory (interferon-γ/lipopolysaccharide, iLPS) and anti-
inflammatory (IL4/IL13) stimuli. Unexpectedly, while 
iLPS-treated cells killed neurons and oligodendrocytes in 
culture, the addition of LPS to IL4/IL13-treated macro-
phages profoundly enhanced anti-inflammatory respons-
es, attenuated pro-inflammatory features, initiated new 
properties, and did not incur neurotoxicity. These cells 
produce elevated levels of trophic lactate, ornithine and 
HB-EGF, and maintained the health of oligodendrocytes 
in culture. The LPS/IL4/IL13-beneficial phenotype was 
crucially dependent on MyD88 signaling. To investigate 
the impact of polarized macrophages/microglia in vivo, 
we inflicted demyelination to the dorsal column of the 
mouse spinal cord using lysolecithin; 3 days after, specific 
polarizing stimuli were applied once at the site of injury. 
Four days following this local treatment, while the IL4/
IL13 treatment mirrored vehicle controls, the LPS/IL4/
IL13 animals had significantly increased representation of 
macrophages with anti-inflammatory/reparative proper-
ties, diminished lesion volume and inhibitory chondroitin 
sulfate proteoglycans, and elevated oligodendrogenesis.  
These beneficial features evolved to extensive remyelin-

ation measured at 3 weeks post-injury. Our data suggest a 
new paradigm to elicit CNS recovery, that of simultane-
ously recruiting both pro- and anti-inflammatory triggers 
that integrate their activity involving the MyD88 axis to 
generate reparative macrophages/microglia that enhance 
remyelination.

128 
iPSC-derived astrocytes are functional and 
respond to multiple sclerosis-relevant cytokines 
stimulation 

Sylvain Perriot(1) - Guillaume Perriard(1) - Amandine 
Mathias(1) - Mathieu Canales(1) - Nicole Déglon(2) - Renaud 
Du Pasquier(3)

Chuv, Laboratory Of Neuroimmunology, Department Of 
Clinical Neurosciences, Lausanne, Switzerland(1) - Chuv, 
Laboratory Of Cellular And Molecular Neurotherapies, 
Department Of Clinical Neurosciences, Lausanne, Switzerland(2) 
- Chuv, Laboratory Of Neuroimmunology, Service Of 
Neurology, Department Of Clinical Neurosciences,, Lausanne, 
Switzerland(3)

Astrocytes occupy a central place in the homeostasis of the 
central nervous system (CNS). They interact strongly with 
other CNS cells (neurons and oligodendrocytes) but also 
with the immune system through the secretion of cytokines 
and chemokines. Given their pivotal role, it is suspected 
that astrocytes play a part in the physiopathology of 
multiple sclerosis (MS). In addition, we recently showed 
that the receptor for IL-22 is expressed by astrocytes and 
is increased in MS lesions but the function of this cytokine 
is still unknown. Here, we propose to use a system based 
on induced pluripotent stem cells (iPSC) derived from 
the blood of MS patients and healthy donors to study the 
function of IL-22 and other cytokines (eg. TNF-a) on 
astrocytes.
Peripheral blood mononuclear cells (PBMC) are nucleo-
fected with episomes coding for the transcription factors 
OCT4, SOX2, KLF4, c-Myc and LIN28 and cultured in 
adapted conditions for iPSC. After 4 months, character-
ized iPSC cell lines can be differentiated into neural stem 
cells (NSC) by addition of Noggin and SB431542 to a 
neural induction medium. These NSC can be expanded 
by addition of fibroblast growth factor beta and epithelial 
growth factor. For differentiation in astrocytes, NSC are 
sequentially exposed to leukemia inhibitory factor then 
ciliary neutrotrophic factor. Neurons can also be gener-
ated in culture with brain-derived neutrophic.
We generated iPSC cell lines from PBMC of each of the 
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8 subjects enrolled (5 MS patients and 3 healthy donors) 
that can successfully be differentiated in NSC. Fully-dif-
ferentiated neurons and astrocytes are characterized by 
their morphology, positive staining to beta tubulin III and 
GFAP respectively, as well as the expression of a panel of 
neurons and astrocytes-specific genes. Finally, astrocytes 
functionality was assessed by their capacity to uptake glu-
tamate and to be stimulated by diverse cytokines. Briefly, 
upon TNF-a stimulation, these iPSC-derived astrocytes 
upregulated a large panel of genes associated with in-
flammatory pathways. Interestingly, they also upregulate 
MHC class I surface expression.
These results show that it is possible to derive functional 
astrocytes and neurons from PBMC. Our preliminary data 
show interesting response to TNF-a, results which will be 
extended to other MS-related cytokines such as IL-22. Ul-
timately, this “brain in a dish” system will allow us to bet-
ter understand the crosstalk between peripheral immune 
cells and central nervous cells. 

151 
Neural stem cells show differential viability and 
distribution upon intrathecal transplantation 
in the acute and chronic phases of experimental 
autoimmune encephalomyelitis 

Arianna Merlini(1) - Donatella De Feo(1) - Francesca 
Ruffini(1) - Giancarlo Comi(2) - Gianvito Martino(1)

San Raffaele Scientific Institute, Neuroimmunology Unit 
-institute Of Experimental Neurology, Milan, Italy(1) - San 
Raffaele Scientific Institute, Neurology Department -institute Of 
Experimental Neurology, Milan, Italy(2)

Background: Intrathecal transplantation of adult neural 
stem/precursor cells (NPCs) ameliorates disease severity 
in experimental autoimmune encephalomyelitis (EAE), 
the animal model of multiple sclerosis. The effect of ac-
tive neuroinflammation on transplanted NPC distribution 
and viability is still not clarified. We aimed at understand-
ing whether NPCs transplanted in the acute or chronic 
phases of EAE displayed different behaviour in vivo. 
Methods: NPCs were derived from the subventricular 
zone of 8-week old female C57Bl/6 mice. EAE was in-
duced in syngeneic mice by subcutaneous immunization 
with myelin oligodendrocyte glycoprotein 35-55 peptide. 
One million GFP-labelled NPCs or vehicle were trans-
planted intrathecally in the cisterna magna of EAE mice 
at peak of disease severity, ca 14 days post immunization 
(dpi), chronic phase (80 dpi) or healthy age-matched con-
trols (HC). Each group comprised at least 4 animals. 

Results: In the acute EAE phase, at 1 day post transplanta-
tion (dpt), transplanted NPCs distributed within few mil-
limetres from the injection site (2,46 ±0,90 mm in EAE; 
2,78 ± 0,57 in HC), no further migration was observed at 7 
and 60 dpt. At 1 dpt, 8,1% of transplanted NPCs survived 
in HC and 7,5% in EAE. At 7 dpt the number of surviv-
ing NPCs further decreased in both groups (HC: 2,6%; 
EAE: 4,6%) but at 60 dpt NPCs transplanted in EAE mice 
displayed increased survival (2,7%) when compared to 
HC (0,3%; p<0,05). Few transplanted NPCs expressed 
the apoptotic marker activated caspase 3, with EAE mice 
showing a trend of reduced apoptosis at 1 dpt (HC: 3,2%; 
EAE: 1,5%) and at 7 dpt (HC: 3,8%; EAE: 1,4%; p<0,05). 
Transplanted NPCs localized mainly in the subarachnoid 
spaces of the fourth ventricle or surrounding meninges, 
only few NPCs integrated in the parenchyma. At 60 dpt, 
93,5 % of surviving NPCs retained their meningeal local-
ization in the EAE group, while in the HC group 89,4% of 
the surviving NPCs were found in the parenchyma. Con-
sistently, transplantation of NPCs in the chronic phase of 
EAE (80 dpi), failed to retain NPC cells in the meninges 
when compared to transplantation of NPCs in the acute 
phase of EAE. 
Conclusions: Neuroinflammation might influence long-
term the viability and of transplanted NPCs in EAE. This 
finding has relevance for clinical translation of NPC by 
defining the better time window for transplantation

155 
Neuralized Mesenchymal Stem Cells: A novel 
cellular Therapy Paradigm for the treatment of 
Multiple Sclerosis

Ibrahim Kassis - Moriel Ben-Zwi - Panayiota Petrou  
Michelle Halime - Dimitrios Karussis
Department of Neurology and Agnes-Ginges Center for 
Neurogenetics , Hadassah-Hebrew University Medical Center, 
Jerusalem, Israel

Background: In the last few years a lot of preclinical 
studies showed the therapeutic potential of MSC in MS. 
Moreover, few clinical studies showed positive results with 
the use of MSC in MS. The mechanisms of action of MSC 
in the disease model are mainly via Immunomodulation 
and neuroprotection. The possibility of tissue repair with 
the use of MSC is very debatable and seems to be not a 
major mechanism in the action of disease amelioration. 
Therefore, the employment of neuralized MSC (NMSC)  
instead of naïve MSC can be useful also in terms of 
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neuro-regeneration and remyelination (while keeping the 
immunomodulatory properties) similar to potential of 
neural stem cells without ethical hurdles that neural stem 
cells have in clinical applications.
Methods: MSC were isolated from the BM of MS patients. 
The MSC were cultured in a medium containing EGF, 
bFGF and B27 supplement to generate NMSC. The NMSC 
were characterized using FACS. The neural differentia-
tion of NMSC was achieved by novel culturing method 
using cerebrospinal fluid (CSF). The immunomodulatory 
effects of NMSC were tested with lymphocytes suppres-
sion assay in vitro and secreted growth factors were mea-
sured using classical ELISA method. For in vivo studies, 
chronic EAE was induced in female C57BL/6 mice. On 
days 8-10 after immunization the NMSC were injected 
intraventricularly into mice in which chronic EAE had 
been induced with MOG35-55 peptide. The animals were 
scored daily for neurological symptoms according to the 
EAE clinical severity scale. Histopathological stains were 
used to evaluate inflammation and axonal loss.
Results: NMSC  (floating spherical shape cell structures) 
were generated successfully from all of the batches of na-
ïve MSC. The spheres stained positively for the neuro-
sphere markers Nestin and PS-Ncam (>90%) while loos-
ing the mesenchymal markers CD90 and CD105 ( <5%). 
As well the NMSC lost their ability to differentiate in me-
sodermal tissues ( adipocytes and osteocytes). The gener-
ated  MSC-NPs were found to induce a dose-dependent 
suppression of lymphocytes proliferation. NMSC were 
differentiated successfully to neurons (MAP2 marker, 
~70% of cells ) , astrocytes (GFAP,  marker, ~20% of the 
cells ) and oligodendrocytes (CNPase marker, ~10% of 
the cells). Moreover and most importantly, the NMSC 
and differentiated NMSC secreted higher levels of neu-
rotrophic factors (BDNF, NGF, CNTF, GDNF) compared 
to naïve MSC. NMSC attenuated disease severity after 
transplantation, differentiated NMSC provided signifi-
cantly better clinical effect. The clinical course of cEAE 
was improved in NMSC treated animals (n=8), with 0% 
mortality and mean maximal EAE score 1.75 vs. 33.3% 
mortality and 3.33 mean maximal score in non-treated 
animals (n=10). Moreover, using differentiated NMSC 
(n=7) the effect was more superior with 0% mortality and 
mean maximal EAE score of 0.6 vs. 1.75 of MSC-NPs 
and 3.33 of untreated animals.
Conclusions : The generation  and differentiation of 
NMSC  from naïve MSC isolated while keeping there 
immunomodulatory properties and holding high neuro-
protective effects open for us new possibilities for neuro-
regeneration and remyelination in future autologous cell-
therapy treatments for multiple sclerosis.

164 
Isolation of recombinant IgG Fab fragments 
recognizing neural precursor stem cell antigens 
using the antibody phage display technique 

Ioannis Paspaltsis(1) - Evangelia Kesidou(2) - Eva 
Nousiopoulou(2) - Olga Touloumi(2) - Roza Lagoudaki(2) - 
Theodoros Sklaviadis(1) - Nikolaos Grigoriadis(2)

Aristotle University Of Thessaloniki, Prion Diseases Research 
Group, School Of Pharmacy, Thessaloniki, Greece(1) - Aristotle 
University Of Thessaloniki, Laboratory Of Experimental 
Neurology And Neuroimmunology, Thessaloniki, Greece(2)

Introduction: Neural precursor cells (NPCs) attracted 
much attention by providing new therapeutic approaches 
for the treatment of neurodegenerative diseases such as 
multiple sclerosis. Transplantation of NPCs has been pro-
posed to improve the functionality of damaged regions of 
the central nervous system through both, immunomodu-
tating and restoring mechanisms of action. Although 
NPCs are considered as non-immunogenic, previous 
observations in our laboratory showed activation of the 
immune system in mice upon immunization with NPCs 
protein lysates. Isolation of monoclonal antibodies from 
these mice would ultimately address this uncertainty, con-
tributing also to the identification of possible antigens.
Materials and Methods: C57bl/6 mice were immunized 
against syngeneic neurospheres. RNA was isolated from 
the spleens and reverse transcribed. The Fab portions 
from different IgG subclasses were amplified by PCR and 
inserted sequentially into an appropriate phagemid vec-
tor. The arisen Fab phage display library was subjected to 
three biopanning rounds against immobilized protein ly-
sates derived from neurospheres. The inserted DNA-Fab 
fragment encoding sequence of plasmids isolated after the 
last round of biopanning was read by Sanger sequencing. 
Fab fragments of unique clones were expressed in E. coli 
cells and purified by affinity chromatography. Purified re-
combinant monoclonal Fab fragments were evaluated for 
their ability to recognize NPCs antigens.
Results: The antisera from immunized mice have been 
proved to be strongly immunoreactive against NPCs 
protein lysates as compared to its non-immunized coun-
terpart. To isolate monoclonal Fab antibody fragments, a 
Fab phage display library was created with a titer of about 
2*106 clones. More than 25 phagemids isolated after the 
third round of biopanning were analyzed in regards to the 
insert and sequenced. Some IgG Fab fragments showed to 
be immunoreactive when used to probe NPCs or total brain 
lysates in western blots. Also positive signals were ob-
tained in distinct brain regions by immunohistochemistry.
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Conclusions: Antisera from mice immunized with NPCs 
lysates have been showed to be immunoreactive against 
protein extracts from the same cells in western blots. This 
is indicative for the existence of potentially antigenic pro-
teins. Application of the Fab phage display technique pro-
vided monoclonal Fabs, which in turn would be helpful to 
identify the recognized antigens by means of immunopre-
cipitation and mass spectrometry.

171 
MIS416, a myeloid-targeted immune modulator 
for the treatment of neuro-inflammatory based 
disorders, enhances functional recovery in a 
spinal cord injury model  

Masoud Hassanpour Golakani(1) - Manvendra Saxena(1)  
Hui Li(1) - David Brown(1) - Gill Webster(2)

Laboratory Of Neuroinflammation, St Vincent’s Centre For 
Applied Medical Research, University Of New South Wales, 
Sydney, Australia(1) - Innate Immunotherapeutics, Auckland, 
New Zealand(2)

The therapeutic potential of monocyte-derived macro-
phages to repair the central nervous system following 
inflammatory immune mediated damage is increasingly 
recognised.  MIS416 is a myeloid-targeted immune re-
sponse modifier comprising ligands for two cytosolic in-
nate receptors, developed to enhance endogenous myeloid 
directed anti-inflammatory and repair pathways in the pe-
riphery and central nervous system (CNS).  In MIS416 
treated phase 1B/2A trial patients with secondary pro-
gressive multiple sclerosis this translated clinically into 
sustained neurological improvements. Pre-clinical studies 
established the nature of MIS416 stimulated regulatory/
anti-inflammatory myeloid activities and also demonstrat-
ed enhanced homeostatic recruitment of regulatory mono-
cytes into the CNS of healthy mice, which was sustained 
in the presence of neuro-inflammation.  The spinal cord 
injury (SCI) model was used to demonstrate the ability 
of MIS416 to enhance myeloid-directed CNS repair path-
ways, as previously this model was used to demonstrate 
that spontaneously recruited blood-derived monocytes/
macrophages were required for functional recovery, and 
that increasing the numbers of these cells in the peripheral 
pool enhanced recovery. MIS416 was administered 24 hr 
following surgery and every 7 days thereafter.  Monocyte 
subsets in the blood and spinal cord parenchyma were 
enumerated and their activation status determined by flow 
cytometry.  Locomotive recovery was determined blind 
to treatment on day 0,7,14, 21 and 28 post SCI using the 

Basso mouse scoring system (BSM).  MIS416 treated 
mice showed significantly higher BMS scores compared 
to saline treated mice  (p<0.0001; 2wayANOVA) from 
day 7 onwards. Inflammatory and non-inflammatory 
monocytes transiently increased in number following each 
MIS416 dose, more so in the non-inflammatory subset.  
Blood derived myeloid cells were also more frequent in 
the spinal cord of MIS416 treated mice at day 7 post SCI 
with the monocyte-derived macrophage subset expressing 
lower levels of MHC II and CD11c activation markers 
compared with saline group.  A similar increase in blood-
derived myeloid cells was detectable on day 28. Work is 
ongoing to analyse the co-localisation of these cells with 
the injury and the extent of the glial scar.  These results 
serve to further align the mechanism of action of MIS416 
with monocyte-derived neuroimmune modulation.

221 
Antigen specific therapy in Multiple Sclerosis and 
Neuromyelitis optica: a phase 1b clinical trial 
with tolerogenic dendritic cells 

Irati Zubizarreta(1) - Georgina Florez(2) - Gemma Vila(1) 
Raquel Cabezon(2) - Carolina España(2) - Daniel Benitez-
Ribas(2) - Sara Varea(3) - Joan Albert Arnaiz(3) - Albert 
Saiz(4) - Pablo Villoslada(1)

Institut d’investigacions Biomèdiques August Pi i Sunyer 
(IDIBAPS), Hospital Clinic I Provincial / Universitat De 
Barcelona / Neurology, Barcelona, Spain(1) - Centro De 
Investigación Biomédica En Red De Enfermedades Hepáticas Y 
Digestivas (ciberehd), Hospital Clínic I Provincial And Centre 
Esther Koplowitz / Universitat De Barcelona, Barcelona, 
Spain(2) - Clinical Trials Unit (ctu), Hospital Clinic Provincial 
/ Universitat De Barcelona / Clinical Pharmacology Service, 
Barcelona, Spain(3) - Center Of Neuroimmunology And 
Department Of Neurology, Hospital Clinic I Provincial / 
Universitat De Barcelona / Neurology, Barcelona, Spain(4)

Objective: To evaluate the safety and immunological ef-
fects of antigen specific therapy in Multiple Sclerosis 
(MS) and Neuromyelitis optica (NMO) 
Background: Antigen specific therapy using tolerogenic 
dendritic cells has shown efficacy in animal models of 
MS. However, its safety and efficacy is still not known in 
patients with MS or NMO.
Design/Methods: A phase 1b trial is now ongoing with 
12 patients (8 MS and 4 NMO patients) with an ascend-
ing dose protocol of tolerogenic dendritic cells (3 patients 
per group). Autologous monocytes are extracted by leu-
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koapheresis and tolerogenic dendritic cells are induced 
with IL-4, GM-CSF, dexamethasone and disease relevant 
peptides (MOG1–20, MOG35–55, MBP13–32, MBP83–
99, MBP111–129, MBP146–170, PLP139–154, for MS 
and AQP4 63-76 for NMO). Each patient receives 3 doses 
in 2 weeks apart. Detailed clinical and immunological as-
sessment are performed every two week for 3 months. Pri-
mary endpoint is safety and secondary endpoints are clini-
cal variables (relapses or changes in disability (EDSS)). 
Immunological studies include proliferative assays with 
tritiated timidine, cytokine production with ELISPOT for 
IL10, IL17 and IFNg and peripheral cell population dy-
namics by flow cytometry.
Results: No relevant side effects have been observed until 
now for the 6 patients included. Immunological studies 
show trend for increased IL10 levels and decreased IFNg 
levels.
Conclusions: Antigen specific therapy using tolerated DC 
seems to be safe in patients with MS and NMO.

239 
Lipid metabolism modulates the 
immunomodulatory properties of Mesenchymal 
Stem Cells 

Laura Lovato(1) - Natalia Realini(2) - Daniele Piomelli(3)  
Antonio Uccelli(4) - Francesco De Angelis(1)

Italian Institute Of Technology, Department Of Plasmon 
Nanotechnologies, Genoa, Italy(1) - Italian Institute Of 
Technology, Department Of D3 Validation, Genoa, Italy(2) 
University Of California, Department Of Anatomy & 
Neurobiology, Irvine, United States(3) - University Of Genoa, 
Department Of Neurosciences, Genoa, Italy(4)

Mesenchymal Stem Cells (MSC) own the capacity to 
modulate their therapeutic actions in response to environ-
mental stimuli. Particularly, in inflammatory condition, 
MSC enhance their immunosuppressive activity on acti-
vated T cells. Several studies demonstrated that metabolic 
changes are crucial for determining fate and properties of 
different kinds of immune cells. In inflammatory condi-
tion, multiple changes in protein expression have been ob-
served in MSC but no data are available on whether and 
how metabolic pathways play a role in regulating their 
therapeutic plasticity.
Based on preliminary data showing an increased expres-
sion of the enzymes involved in the lipid biosynthesis 
along with an increase of the immunomodulatory activity 
in MSC upon IFN-gamma (IFNg) stimulation, we postu-
late that IFNg induces in MSC a metabolic shift toward a 

high lipid biosynthesis rate, that might be crucial for the 
enhancement of their immunosuppressive capacity.
Through a SILAC-based proteomic approach, in IFNg-
primed MSC versus unprimed MSC we highlighted an 
upregulation of the enzymes of the PI3K/Akt pathway and 
of the enzymes involved in the lipid biosynthesis, such as 
SPTLC1, SPTLC2 and CERS6. At the same time, by mass 
spectrometry, in IFNg-primed MSC an increased amount 
of lipids is highlighted. By western blotting, we show the 
activation of the Akt/GSK3/SREBP pathway, modulating 
the lipid biosynthesis, upon IFNg stimulation, through the 
phosphorylation of GSK3beta and the formation of the 53 
kDa-nuclear fragment of SREBP. Then, blocking the Akt/
GSK3/SREBP pathway with CHIR99021, a selective in-
hibitor of GSK3, we show that the increased expression 
of SPTLC1, SPTLC2 and CERS6 and the corresponding 
increased lipid biosynthesis in IFNg-primed MSC is de-
pending on the activation of the Akt/GSK3/SREBP sig-
naling pathway. Finally, through the proliferation assay 
with activated T cells in vitro, we are currently evaluating 
whether the increase of the lipid biosynthesis induced by 
IFNg via Akt/GSK3/SREBP pathway contributes, at least 
in part, to the enhanced immunosuppressive capacity of 
MSC. 
Taken together these data shed light on the mechanisms 
of the MSC immunomodulatory properties, supporting a 
role for the lipid biosynthesis, depending on the activa-
tion of the Akt/GSK3/SREBP pathway, in the modulation 
of the immunosuppressive capacity of MSC. Moreover, 
these data potentially suggest new checkpoints that can 
be taken into account for monitoring the MSC therapeutic 
plasticity.

248 
Oncostatin M signaling is essential for robust 
remyelination 

Kris Janssens(1) - Evelien Houben(1) - Anurag 
Maheshwari(1) - Chris Van Den Haute(2) - Tom Struys(1)  
Ivo Lambrichts(1) - Veerle Baekelandt(2) - Piet Stinissen(1)  
Jerome Hendriks(1) - Helena Slaets(1) - Niels Hellings(1)

Hasselt University, Biomedical Research Institute, Diepenbeek, 
Belgium(1) - Kuleuven, Department Of Neuroscience, Laboratory 
For Neurobiology And Gene Therapy, Leuven, Belgium(2)

Multiple sclerosis (MS) is a chronic disabling disease of 
the central nervous system (CNS), in which destruction 
of myelin sheaths leads to disturbed axonal conduction. 
Available MS therapies modulate the immune response, 
but are unable to prevent neurological decline. Therefore, 
great efforts are made to develop therapies that limit de-
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myelination and axonal degeneration and promote remy-
elination. In early stages of MS, oligodendrocyte precur-
sor cells (OPC) migrate to demyelinated CNS lesions, 
differentiate into mature oligodendrocytes and restore 
myelin sheaths. This remyelination process often fails in 
later disease stages. Successful remyelination is highly 
context-dependent as environmental cues dictate OPC dif-
ferentiation and consequent myelination. The molecular 
frame-work that regulates these processes is poorly un-
derstood. 
In this study, we identify oncostatin M (OSM), a member 
of the interleukin-6 cytokine family, as a crucial contribu-
tor that potentiates remyelination. We demonstrated that 
the OSM receptor (OSMR) was robustly upregulated dur-
ing de- and remyelination. OSMR knock-out (KO) mice 
displayed exacerbated demyelination (p<0.001) and com-
plete abrogation of remyelination (p<0.001) in the cupri-
zone induced demyelination model. In contrast, lentiviral 
mediated CNS-targeted OSM treatment largely prevented 
demyelination (p<0.001) and was able to potently re-
established remyelination (p<0.05) of the chronically de-
myelinated CNS. Tissue inhibitor of metalloproteinase-1 
(TIMP-1) produced by astrocytes was found to be one of 
the determining factors involved in OSM mediated de- 
and remyelination. A strong increase in TIMP-1 mRNA 
was observed in the brain of wild type (WT) mice after 
acute de- and remyelination, while this upregulation was 
completely absent in OSMR KO mice. This study reveals 
a previously uncharacterized and protective role for OSM 
during demyelination and its potential to re-establish re-
myelination. Therefore, it indicates that OSM is a promis-
ing therapeutic candidate to limit CNS damage in demy-
elinating diseases including MS. 

253 
Neural precursor cell-secreted factors twist 
the inflammatory program of CNS- invading 
monocyte-derived dendritic cells in experimental 
multiple sclerosis 

Donatella De Feo(1) - Arianna Merlini(1) - Elena 
Brambilla(1) - Linda Ottoboni(1) - Cecilia Laterza(1)  
Giancarlo Comi(1) - Cinthia Farina(1) - Melanie Greter(2) 
Gianvito Martino(1)

Insitute Of Experimental Neurology, San Raffaele Scientific 
Institute, Milano, Italy(1) - Institute Of Experimental 
Immunology, University Of Zurich, Zurich, Switzerland(2)

In Multiple Sclerosis (MS), the pathological interaction 
of autoreactive helper T (Th) cells with mononuclear 

phagocytes drives disease initiation and maintenance 
in the central nervous system (CNS). Once established, 
CNS-compartmentalized inflammation becomes progres-
sively independent from the peripheral immune response 
and is insensitive to currently available disease modify-
ing therapies for MS. Neural stem/precursor cells (NPCs) 
possess intrinsic immunomodulatory abilities, based on 
the secretion of cytokines and growth factors that can in-
terfere with both Th cells and mononuclear phagocytes. 
Understanding the mechanisms of NPC immunomodula-
tion might unveil novel therapeutic strategy for MS. 
We here investigated how NPCs upon intrathecal injec-
tion interfere with CNS-restricted inflammation in experi-
mental autoimmune encephalomyelitis (EAE), the animal 
model of MS. NPCs, transplanted at the peak of disease 
severity, improved clinical outcome and prevented demy-
elination and axonal damage. NPC treated mice showed 
significantly less accumulation of infiltrating monocyte-
derived dendritic cells (moDCs) in the CNS, and a re-
duced expression of Il23, Il12 and Tnfa, all crucial cy-
tokines for encephalitogenic polarization of Th cells. In 
fact, NPC transplantation reduced GM-CSF producing 
pathogenic Th cells and their capacity to up-regulate ef-
fector genes, such as Il22, Csf2, Tbet, RoRc and Il23r. In 
vitro we observed that NPC secreted factors act directly 
and primarily on myeloid cells, inhibiting their matura-
tion and, consequently, their ability to polarize Th myelin-
reactive cells towards and encephalitogenic phenotype. 
Transcriptome analysis revealed that NPC-conditioned 
medium induced in maturating dendritic cells (DCs) a 
profound rearrangement of epigenetic and metabolic 
pathways. These rearrangements led to an inhibition of 
DC maturation, and also to a fate change of DCs toward 
a tolerogenic/suppressive phenotype. We then focused on 
identifying the NPC-secreted factor(s) responsible for the 
observed effects. We identified a panel of soluble media-
tors secreted by NPCs including, M-CSF, VEGF-alpha 
and TGF-beta as candidate mediators in DC modulation. 
This study provides compelling evidence that intrathecal-
ly injected NPCs are able to interfere with CNS-compart-
mentalized inflammation of the effector phase of EAE, 
reprogramming highly inflammatory moDCs towards an 
alternatively activated, tolerogenic phenotype by the se-
cretion of the immunomodulatory cytokines.
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281 
Phase II double blind trial to investigate the 
efficacy and the Optimal Way of Administration 
(based on the clinical, neurophysiological 
and neuroradiological effects) of Autologous 
Mesenchymal Bone M 

Panayiota Petrou - Ibrahim Kassis - Neta Levin Michelle 
Halimi - Tamir Ben Hur - Adi Vaknin 
Ariel Ginsberg - Dimitrios Karussis
Neuroimmunology And Cell Therapy Unit, Department Of 
Neurology, Hadassah Hebrew University Medical Center, 
Jerusalem, Israel

Objective: To evaluate the safety and efficacy of trans-
plantation of autologous bone marrow-derived mesenchy-
mal stem cells (MSC), in MS.  
Background: MSCs have been shown to possess neuro-
trophic and neuroprotective effects. Two prior pilot stud-
ies in our center showed that a single intrathecal(IT), or IV 
administration of MSCs was safe and well tolerated, and 
provided indications of clinical efficacy in MS and ALS.
Design/methods: The current study involves a double-
blind crossover design that will enroll upon completion 
48 progressive MS-patients.  The study started in Febru-
ary-2015 and till the day of this abstract, 29 patients have 
already been included. During the 2-month run-in period, 
functional evaluations (EDSS, MSFC, neurocognitive 
evaluation, quantitative/functional MRI, OCT, dynamic 
visual and neurophysiological tests) were performed 
monthly before the transplantation. Bone marrow-derived 
MSC (1x106/Kg) or placebo were injected to the patients, 
IT or IV. At 6-months the patients are treated with a sec-
ond injection of MSC/placebo and are followed for safety 
and all the efficacy measures for 12 months. The study 
was approved by the Ethics committee and MOH and is 
monitored by an external CRO and a safety committee. 
Results: No serious treatment-related adverse events have 
been observed this far. Until today 25 patients received 
the first transplantation and 13 also the second treatment. 
One patient already completed study.
Conclusions: IT and IM administration of autologous 
MSCs seems till now to be well-tolerated. Our trial, 
uniquely, uses the intrathecal way of administration and 
for the first time a rigorous double blind design utilizing 
extensive surrogate markers to detect possible clinical ef-
fects of regeneration. In addition, this study is the first to 
try to evaluate the optimal way of administration of stem 
cells in MS and to evaluate the possible additional benefit 
of a repeated injection. Detailed and updated safety data 
will be provided upon presentation (NCT02166021). 

292 
Endogenous neural stem cells regulate striatal 
homeostasis 

Erica Butti(1) - Marco Bacigaluppi(1) - Elena Brambilla(1) 
Stefano Taverna(1) - Veronica Bianchi(2) - Patrizia 
D’adamo(2) - Marco Cambiaghi(3) - Mathias Hoehn(4)  
Gianvito Martino(1)

Neuroimmunology Unit, Division Of Neuroscience, Inspe, 
San Raffaele Hospital, Milan, Italy(1) - Molecular Genetics 
Of Mental Retardation, Division Of Neuroscience, San 
Raffaele Hospital, Milan, Italy(2) - Laboratory Of Behavioral 
Neurophysiology, Department Of Neuroscience “rita Levi-
montalcini”, University Of Turin, Turin, Italy(3) - In-vivo-nmr 
Laboratory, Max Planck Institute For Metabolism Research, 
Cologne, Germany(4)

In the adult rodent brain, neurogenesis occurs mainly in 
two regions: the subventricular zone (SVZ) of the lateral 
ventricles and the subgranular zone of the dentate gyrus. 
Adult endogenous neural precursor cells (eNPCs) in the 
SVZ are known to contribute to long-term neurogenesis in 
the olfactory bulb. In the last years an unforeseen capac-
ity of SVZ eNPCs also to regulate striatal homeostasis in 
pathological conditions has been proposed.
Aim of this study was to define the role of SVZ eNPCs in 
regulating striatal homeostatic functions in physiological 
conditions.
To reach our aim we created a transgenic mouse line (Nes-
tinTK mice) in which SVZ resident eNPCs can be selec-
tively ablated upon ganciclovir (GCV) administration. To 
study the effect of eNPC ablation on MSNs function we 
took advantage of diverse techniques such as behavioural 
studies, histological analysis, functional magnetic reso-
nance imaging (MRI), optogenetics and single-cell neu-
rophysiology.
We found that GCV treated NestinTK mice, devoid of 
SVZ eNPCs, had altered striatal MSNs morphology. In 
particular we observed an increase of dendritic intersec-
tions, dendritic length and spine length compared to con-
trol mice. Moreover, MSNs of NestinTK mice after GCV 
administration had increased spontaneous glutamatergic 
and GABAergic synaptic activity. To unravel the global 
relevance of these local changes we performed functional 
MRI and neurophysiological experiment. Here we found 
alterations of brain connectivity between the two hemi-
spheres and the different brain areas of NestinTK mice 
treated with GCV. In addition, behavioural data suggest 
striatal modification in the striatum that might activate a 
compensatory way in the cortex of GCV treated NestinTK 
mice. 
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Our results, although preliminary, suggest that the SVZ 
eNPCs act as homeostatic regulators of MSN electrical 
activity in physiological conditions.

322 
Human iPSC-derived neurons from multiple 
sclerosis patients as a tool to assess cell specific 
dis-functions and pharmacological drug effects. 

Linda Ottoboni(1) - Cecilia Laterza(2) - Francesca 
Ruffini(1) Mario Barilani(3) - Simona Baronchelli(4) - Rosa 
Bonaccorso(1) - Ida Biunno(4) - Lorenza Lazzari(3) - Stefano 
Taverna(1) - Gianvito Martino(1)

Neuroimmunology, San Raffaele Hospital, Milan, Italy(1) Lund 
Stem Cell Center, Lund University, Lund, Sweden(2) 
Fondazione Ircss Ca’ Granada, Ospedale Maggiore Policlinico, 
Milan, Italy(3) - Irgb, Cnr, Milan, Italy(4)

Background: Multiple sclerosis (MS) is an autoimmune 
demyelinating disorder of the central nervous system 
(CNS) in which focal lymphocytic infiltration causes 
damage to myelin and axons in genetically predisposed 
individuals. The possibility of generating neurons from 
induced pluripotent stem cells (iPSCs) allows studying 
the pathogenic mechanisms in vitro. We generate and 
characterize iPSC lines from MS patients with different 
disease courses (RR, SP, PP) and healthy subjects (HC), 
differentiate them into functional neurons and evaluate 
their molecular phenotype and their electrophysiological 
properties at baseline and after challenge with stressors to 
mimic the pathogenic process occurring within the CNS 
of patients. Methods: We have generated iPSC lines from 
9 patients with different MS forms and 5 sex and age 
matched HC using non-integrating Sendai viral vectors, 
assessed their pluripotency and investigated their capac-
ity to differentiate into cells of the three germ layers. We 
have optimized the protocol to obtain expandable neural 
precursors and to differentiate them into cortical neurons. 
Last, we set up experiments to test mitochondrial function 
and response to drug of interests with potential neuropro-
tective properties. Results: Both iPSCs from HC and MS 
patients can be efficiently differentiated into stable pro-
genitors within two months and can mature into pheno-
typically and electrically active neurons within 30 days 
with >80% efficiency and with reduction in preparation-
to-preparation variability. Preliminary results on mito-
chondrial function suggest compromised performance in 
MS subjects compared to HC. Conclusions and Perspec-
tives: we are currently finalizing the generation of pre-
cursor lines from all reprogrammed subjects to complete 

a molecular and phenotypic comparative study to test 
electrical and mitochondrial properties at baseline and in 
inflammatory conditions and to set up target drug testing.

356 
Treatment of Experimental Autoimmune 
Encephalomyelitis with Mixed Chimerism and 
Concurrent Neural Stem Cell Transplant  

William Orent(1) - Jose Marino(1) - Joshua Paster(1)  
Gilles Benichou(1) - David H. Sachs(1)

Harvard Medical School, Center For Transplantation Sciences 
Massachusetts General Hospital, Boston, United States(1)

Multilineage mixed hematopoietic chimerism induces tol-
erance to alloantigens in rodents and kidney-transplanted 
patients. Here we combined mixed chimerism with neu-
ral stem cell (NSC) transplantation to determine whether 
tolerance of alloantigens will extend to autoantigens in-
volved in experimental autoimmune encephalomyelitis 
(EAE) in mice, a model relevant to Multiple Sclerosis 
(MS). Using 6 week old female SJL mice, we induced 
EAE with proteolipid protein (PLP)139-151 in Complete 
Freund’s Adjuvant. Upon entering remission, as defined 
by a reduction in clinical score for at least 2 days follow-
ing the peak acute phase score, we induced mixed chi-
merism using CD8 depletion, 3Gy total body irradiation, 
anti-CD40L, and 30 x 106 bone marrow cells (BMT) from 
C57BL/6 donors. Thirty days post-BMT, mice in the treat-
ment group received 1 x 106 C57BL/6 NSCs. Sixty days 
post-BMT, the mice were reimmunized with PLP139-151. 
Mice were divided into four groups: Control condition-
ing, NSCs alone, mixed chimerism alone, and NSCs + 
mixed chimerism.  NSCs alone had no impact upon clini-
cal score and the NSC + mixed chimerism group and the 
mixed chimerism alone group experienced no relapses 
post-BMT. Post-reimmunization, mixed chimeric mice 
that received NSCs had a delay in onset of clinical symp-
toms and a lower overall score than mice with mixed chi-
merism alone. Therefore, mixed chimerism was sufficient 
to prevent the occurrence of relapses of EAE in mice, and 
neural stem cell transplantation appears to both promote 
neural tissue repair and increase the strength and durabil-
ity of self-tolerance in this model.

365 
RGMa regulates T cell responses and 
neurodegeneration in autoimmune 
encephalomyelitis 
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Toshihide Yamashita
Graduate School Of Medicine, Osaka University, Department 
Of Molecular Neuroscience, Suita-shi, Japan

In multiple sclerosis (MS), immune cells, such as T cells 
and monocytes, infiltrate into the central nervous sys-
tem (CNS) and induce inflammation, demyelination, and 
neurodegeneration. Previous studies have demonstrated 
that CD4+ T cells play critical roles in inducing CNS in-
flammation. A more recent study identified T helper type 
17 cells (Th17 cell) as critical drivers for MS, and the 
mechanism of inflammation has been extensively inves-
tigated. On the other hand, neurodegeneration, which is 
often accompanied by demyelination, is the major cause 
of permanent neurological disability in MS, but this phe-
nomenon has been rather poorly understood. Elucidation 
of the molecular mechanism of neurodegeneration under 
MS may provide efficient neuroprotective therapy to treat 
progressive MS. In recent years, we pursued a strategy 
with a focus on common pathological feature of MS and 
other CNS diseases, that elicit neurodegeneration, and 

found that repulsive guidance molecule-a (RGMa) is a 
promising target for the treatment of MS. RGMa is ex-
pressed in dendritic cells and CD4+ T cells express re-
ceptor for RGMa. Treatment with neutralizing antibodies 
to RGMa prevented mouse experimental autoimmune 
encephalomyelitis (EAE) and reduced invasion by in-
flammatory cells. In humans, RGMa-specific antibody 
could modulate T cell proliferative responses and cyto-
kine expression in peripheral blood mononuclear cells 
isolated from patients with relapsing-remitting MS. These 
results show that RGMa-specific antibody suppresses T 
cell response to antigens (Nat. Med., 2011). Furthermore, 
we recently demonstrated that RGMa is associated with 
neurodegeneration in EAE. RGMa was highly expressed 
in Th17 cells. We induced EAE by adoptive transfer of 
myelin oligodendrocyte glycoprotein-specific Th17 cells. 
Inhibition of RGMa improved EAE scores and reduced 
neuronal degeneration without altering immune or glial 
responses (Cell Rep., 2014). Targeting the molecules that 
induce neurodegeneration would be a promising strategy 
to treat MS.

10 
The Role of Astrocytic Dopamine D2 Receptor in 
neuroinflammation: Implication for Parkinson’s 
disease

Wei Shao - Shuzhen Zhang - Yingjun Liu - Yanqing Yin  
Jiawei Zhou
Institute of Neuroscience, State Key Laboratory of 
Neuroscience, Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences, Shanghai, China

Chronic neuroinflammation is a common feature of ag-
ing brain and some neurodegenerative disorders, includ-
ing Parkinson’s disease (PD). However, the molecular and 
cellular mechanism underlying the regulation of innate 
immunity in the central nervous system remains elusive. 
In the present study, we investigate the role of astrocytic 
dopamine D2 receptor (Drd2) in the modulation of innate 
immunity. We demonstrate that global knockout mice 
lacking Drd2, but not Drd1 or Drd3, showed remarkable 
inflammatory response in multiple CNS regions and in-
creased vulnerability of nigral dopaminergic neurons to 
neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-induced neurotoxicity. Astrocytes null for Drd2 
became hyper-responsive to immune stimuli. We found 
that αB-crystallin (CRYAB) was one of downstream ef-

fectors of astrocytic Drd2 that might be responsible for 
regulating inflammatory response. Reduction of CRYAB, 
that is known to suppress neuroinflammation, was promi-
nently detected in Drd2-null mice compared to wild-type 
counterparts. Gain- or loss-of-function studies showed 
that CRYAB is critical for Drd2-mediated modulation of 
innate immune response in astrocytes. Moreover, Cryab 
was identified as a differentially expressed proteins in the 
nigral tissue of PD patients compared to control subjects 
using quantitative proteomic analysis. It was revealed that 
Cryab was markedly upregulated in the SN of PD brain. 
Increased expression of Cryab was seen in cytoplasmic 
inclusions in a subset of glial cells in Parkinsonian brain. 
Thus, we identified Cryab that is highly expressed in the 
SN of PD brain, and may be involved in the glial pathol-
ogy during dopaminergic neuron degeneration in PD. Our 
study suggests that astrocytic Drd2 activation is normally 
required for suppression of neuroinflammation via a Cry-
ab-dependent manner and provides new strategy for tar-
geting glia-mediated pathogenesis in PD.
Key Words: Neuroinflammation, Dopamine D2 receptor, 
Astrocyte, Parkinson’s disease

The double edged sword of immunity in neurodegeneration
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22 
Relationship between microvesicles and free 
radicals in multiple sclerosis patients 

Maira Gironi - Gloria Dalla Costa - Annamaria Finardi 
Vittorio Martinelli - Giancarlo Comi - Roberto Furlan
Fondazione Ospedale San Raffaele,milano, Ospedale San 
Raffaele,milano, Milano.

Background: myeloid cells act as “double edged sword” 
in the pathogenesis of MS. They play a neuro-destructive 
role by secreting ROS and free or microvesicles (MVs)-
embedded proinflammatory cytokines (classically acti-
vated microglia) or neuro-protective functions through 
the production of anti-inflammatory cytokines and neuro-
trophic factors (alternatively activated microglia). Recent 
data suggests that oxidative stress may trigger the release 
of MVs and, in turn, MVs may generate free radicals by 
activation of the oxidative stress machinery.
Objective: preliminary investigation of the relationship  
between oxidative stress markers and MVs release by 
myeloid cells in MS patients;
Design/Methods: We measured Glutathione levels (GSH, 
GSSG, GSH/GSSG ratio), slow and fast plasma antioxi-
dant power (PAO), radical oxidative species (ROS), malo-
ndialdheide (MDA), Anti-oxidized Low density lipopro-
tein antibodies (Anti-OxLDL), Coenzyme Q10 (Coq10) 
levels as well as PBMC derived MVs in peripheral blood 
of age-and-sex matchedHealth controls (HC) and  patients  
with  relapsing remitting and progressive formsMS)
Results: Using K-means clustering alghoritms, two cluster 
patterns of oxidative stress measures were detected : clus-
ter A with prevailing anti-oxidative markers and cluster 
B with more pro-oxidative stress markers. No differences 
between HC and MS patients in cluster patterns of oxida-
tive stress were observed. Female patients produced much 
more MVs than males regardless of the oxidative status. 
Young patients with high oxidative stress released statisti-
cally significant more MVs than young patients with low 
oxidative stress, while for older patients the relationship 
is reversed. According to covariance analysis, upon ATP 
stimulation, patients with prevailing anti-oxidative mark-
ers have significantly higher levels of MVs than patients 
with pro-oxidative stress markers (p 0.01).
Conclusion: a dual relationship between myeloid MVs 
and oxidative stress markers has been found by these pre-
liminary results, with a positive relationship between the 
two variable in young patients and the reverse in older 
patients. In either cases, oxidative stress reduces MVs re-
lease after ATP stimulation

44 
T cells secretion of neurogenic factors is 
biased toward pro-astrogenesis on the expense 
of neuronal and oligodendroglial genesis in 
relapsing remitting multiple sclerosis.  

Karin Mausner-Fainberg(1) - Arnon Karni(2)

Neuroimmunology Laboratory, Department Of Neurology, Tel 
Aviv Medical Center, Mevaseret Zio, -(1) - Neuroimmunology 
Laboratory, Department Of Neurology, Tel Aviv Medical Center, 
Mevaseret Zio, Israel(2)

Background: Neural stem cells (NSCs) are abundantly 
present in MS lesions but they fail to mature into active 
neurons and oligodendrocytes.  It was suggested that 
the immune system has the potential to act in repairing 
of damaged CNS tissue. We have studied the production 
of pro-neurogenic factors: noggin, follistatin, leukemia 
inhibitory factor- LIF and anti-neurogenic factors: bone 
morphgenic proteins (BMPs), epidermal growth factor – 
EGF by immune cells of RR-MS patients. 
Methods: Supernatants of cultured PBMCs, serum and 
CSF from untreated RR-MS patients and matched health 
controls (HC) were tested for the factors by ELISA. The 
levels of the factors were also examined in separated T 
cells and monocytes and non-T-non monocytes mononu-
clear cells using MACS system. 
Results: PBMCs of RR-MS patients secreted significantly 
lower levels of noggin and follistatin (0.38 ng/ml± 0.14 
and 12.26±2.28 pg/ml, respectively) vs. HC (1.69 ng/
ml±0.51, 30.6 ±4.34 pg/ml, respectively, p=0.03 and 
p=0.001, respectively). There was a similar cellular pat-
tern of noggin expression for the HC and RR-MS patient’s 
groups. A predominance expression of noggin was found 
in CD3+ cells in both HC and RR-MS groups. The ex-
pression of noggin in monocytes was significantly lower 
in both HC compared to RR-MS patients. Follistatin ex-
pression was predominant in CD14+ cells in HC, while 
its was significantly reduced in RR-MS. Its levels from 
CD3+ cells were similar between RR-MS and HC. LIF 
levels was significantly lower in untreated RR-MS pa-
tients (97.0±23.7 pg/ml) vs. HC (178.0±16.1 pg/ml, 
p<0.001). LIF was found to be secreted mainly by CD3+ 
cells and CD3-CD14- cells (non- T cells and non- mono-
cytes) both in RR-MS patients (CD3+=31.6±8.5 pg/
ml, CD14+= 4.3±1.1 pg/ml, CD3-CD14-=30.6±3.8 pg/
ml) and in HC (CD3+:8.8±1.7 pg/ml, CD14+= 2.1±0.8 
pg/ml CD3-CD14-=11.9±3.9 pg/ml). BMP-2,4,5 levels 
were elevated in the supernatants of untreated patients 
(52.7±10.6, 143.8±32.2 and 327.5±106.3 pg/ml, respec-
tively) compared to HC (21.39±3.5, 40.06±12.9 and 
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71.1±17.3 pg/ml, p=0.01, p=0.01 and p=0.03, respective-
ly). BMP-7 levels were similar in all groups. BMP-2,4,5 
were produced both by CD3+ cells and CD14+ cells but 
significantly more from CD3+ cells of RR-MS vs. HC 
(p<0.01 for the 3 BMPs). Serum BMP-2 levels was high 
in RR-MS (130.6 ± 47.9 pg/ml) vs. HC (15.6 ± 6.3 pg/
ml, p= 0.02). EGF levels in supernatant of RR-MS were 
significantly higher (140.9±12.7 pg/ml) vs. HC (98.7±6.7 
pg/ml, p<0.01). EGF was detected more abundantly in the 
supernatants of CD14+ cells of HC (20.5 ± 4.2 pg/ml) and 
of RR-MS patients (37.7 ± 10.9 pg/ml), and in the su-
pernatants of CD3- CD14- immune cells of HC (14.3 ± 
5.6 pg/ml) and of RR-MS patients (38.3±13.7 pg/ml) than 
from supernatants of CD3+ cells: 1.4±0.4 pg/ml in HC 
(p =0.001 for CD14+ cells and p =0.08 for CD3- CD14- 
cells) and 9.7±1.5 pg/ml from CD3+ cells of RR-MS pa-
tients (p =0.049 for monocytes and p =0.041 CD3- CD14- 
cells). However, only for CD3+ cells, the EGF secreted 
levels were significantly higher in the RRMS patients vs. 
HC (p=0.012). 
Discussion: Immune mediated neuro-regeneration is 
probably defective in MS patients. We have study the pro-
duction of noggin, follistatin, LIF, BMP-2,4,5,7, and EGF 
by immune cells and separated mononuclear cells.  Our 
data suggests that immune cells and especially T cells of 
RR-MS patients may directly impair neurogenesis/ oli-
godendrogenesis by creating a non-supportive milieu for 
these processes.

51 
Cellular investigations with human antibodies 
associated with the IgLON5 syndrome 

Lidia Sabater(1) - Jesús Planagumà(2) - Josep Dalmau(3) 
Francesc Graus(4)

Institut D’investigacions Biomediques August Pi I Sunyer 
(IDIBAPS). Fundació Clinic., Hospital Clinic De Barcelona/
Neuroimmunology Group, Barcelona, Spain(1) - Institut 
D’investigacions Biomediques August Pi I Sunyer (IDIBAPS)., 
Hospital Clinic De Barcelona/Neuroimmunology Group, 
Barcelona, Spain(2) - Institut D’investigacions Biomediques 
August Pi I Sunyer (IDIBAPS). Institució Catalana De 
Recerca (ICREA). University Of Pennsylvania, Usa, Hospital 
Clinic De Barcelona/neuroimmunology Group, Barcelona, 
Spain(3) - Institut D’investigacions Biomediques August Pi 
I Sunyer (IDIBAPS). Service Of Neurology, Hospital Clinic 
De Barcelona, University Of Barcelona, Hospital Clinic De 
Barcelona/Neuroimmunology Group, Barcelona, Spain(4)

Background Antibodies against IgLON5, a neuronal 

adhesion protein of unknown function are markers of a 
novel neurological disorder termed anti-IgLON5 syn-
drome that shows a remarkable association with HLA-
DQB1*0501 and HLA-DRB1*1001 alleles. Postmortem 
studies demonstrate a novel neuronal tauopathy predomi-
nantly involving the hypothalamus and tegmentum of the 
brainstem. The role of IgLON5 antibodies in the patho-
genesis of the disease is currently unknown. The aim of 
this study is to address the possible implication and effects 
of IgLON5 auto-antibodies in this complex syndrome 
Methods The epitopes recognized by IgLON5 antibodies 
and the IgG subclasses were studied in serum and CSF 
of 15 patients with IgLON5 antibodies . To determine 
the epitopes of the antibodies, directed mutagenesis of 
IgLON5 immunoglobulin (Ig)-like domains were applied 
and assayed by immunofluorescence on transfected HEK 
cells. The role of glycosylation in immunogenicity was 
tested with PNGase F treatment of transfected cells. Sub-
classes of anti-IgLON5 antibodies were analyzed by cell 
based assay and quantified by flow cytometry. Cultures of 
hippocampal neurons were used to test the effect of total 
IgG, IgG1 and IgG4 subclasses of IgLON5 antibodies us-
ing immunocytochemical studies 
Results The epitope is located at the Ig-like 2 domain of 
the protein and it is not dependent on glycosylation be-
cause immunoabsorption of the patient’s serum with non-
glycosylated IgLON5 protein extract totally abrogated its 
reactivity on immunohistochemistry. All 15 samples had 
IgG4 and IgG1 IgLON5 antibodies. The mean percent-
age of specific IgG4 and IgG1 of the samples analyzed 
by flow cytometry was 64% and 33% respectively. In cul-
tures of hippocampal neurons, patient’s antibodies caused 
a decrease of cell surface IgLON5 clusters that was not 
reversed after IgLON5 antibodies were removed from the 
media. The decrease of surface IgLON5 clusters correlat-
ed with the rate of antibody internalization. These effects 
were observed with purified IgG1 but not with the IgG4 
antibodies 
Discussion and Conclusions IgLON5 antibodies recog-
nize an epitope region located in the Ig-like 2 domain of 
the antigen. IgLON5 antibodies produced an irreversible 
antibody-mediated internalization of IgLON5 resulting in 
a decrease of cell surface density of this protein in hippo-
campal neurons. These effects were mediated by the IgG1 
antibody subclass and support the potential pathogenic 
role of IgLON5 antibodies in the anti-IgLON5 syndrome
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57 
Reactivity profile of plasma naturally occurring 
anti-tau antibodies evaluated using post-
translationally modified tau forms 

Lenka Hromadkova(1, 2, 3) - Michala Kolarova(1, 4)  
Ales Bartos(1, 4) - Jan Ricny(1) - Zuzana Bilkova(3)

Department of Experimental Neurobiology and AD Center, 
National Institute of Mental Health, Klecany, Czech Republic(1) 
Faculty of Science, Charles University in Prague, Prague, 
Czech Republic(2) - Department of Biological and Biochemical 
Sciences, University of Pardubice, Pardubice, Czech Republic(3) 
Third Faculty of Medicine, Charles University in Prague, 
Prague, Czech Republic(4)

Tau protein is a prominent member of the microtubule-as-
sociated proteins family. Functions of tau protein are con-
trolled mainly by post-translational modifications. Altered 
molecules of tau by post-translational modifications form 
oligomeric and fibrillar structures which are one of the 
main pathological hallmarks of AD. The presence of natu-
rally occurring antibodies reactive with tau protein (nTau-
Abs) was established in sera and plasma samples by many 
research groups. The deeper understanding of character 
and reactivity profile of these nTau-Abs could elucidate 
the humoral immunity involvement in the progression of 
tau pathology. We utilized full-length recombinant tau and 
its truncated forms in both non-phosphorylated and phos-
phorylated state. Different tau forms could help ascertain 
the impact of phosphorylation and truncation, the most 
significant post-translational modifications of tau protein 
in AD, on naturally occurring antibody pool. The nTau-
Abs isolated from IVIG product, pooled plasma samples 
from AD patients and, age-matched cognitively healthy 
controls were undergone quantity and purity determina-
tion, subclass isotyping, reactivity, and avidity index 
evaluation. The data obtained from ELISA and blotting 
assays revealed significant differences in reactivity pro-
file of nTau-Abs from pooled AD patients plasma in com-
parison with nTau-Abs from IVIG product and pooled 
age-matched healthy controls plasma. Moreover, subclass 
isotyping together with the avidity index determined by 
chaotropic dot-blot assay confirmed the distinct charac-
ter of plasma tau-reactive antibody pool in AD patients 
as well. These data suggest that the naturally occurring 
anti-tau antibody profile changes with the appearance of 
pathological tau modifications under AD conditions.
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154 
TGF-β induces differential signaling in astrocytes 
and microglia 

Ekaterina Vinogradov - Nitzan Levy - Alon Monsonego
Ben Gurion University Of The Negev, Shraga Segal Department 
Of Microbiology, Immunology, And Genetics, Beer Sheva, Israel

Transforming growth factor-beta (TGF-β) is a versatile 
cytokine that participates in multiple processes during 
development and in adulthood. It signals through a com-
plex cascade of events that promotes differential cellular 
responses. Although TGF-β is generally characterized as 
an anti-inflammatory cytokine, it can also participate in 
pro-inflammatory processes as we have recently shown in 
the case of TGF-β-induced epilepsy. In the current study 
we investigated intracellular processes contributing to the 
pro-inflammatory effects of TGF-β in glial cells. Follow-
ing TGF-β1 treatment, we have detected high levels of 
phosphorylated Smad2 and Smad3 proteins in astrocytes 
compared with a much weaker response in microglia. The 
difference in response to TGF-β1 was especially promi-
nent in Smad3 activation. This prompted us to further 
investigate the involvement of Smad proteins in IL-6 pro-
duction. Following Smad2 and Smad3 knock down ex-
periments we have discovered that Smad3 is essential for 
IL-6 expression and secretion. Taken together these data 
demonstrate that a differential response to TGF-β1 treat-
ment in astrocytes and microglia is based on a differential 
activation of its downstream effectors, especially Smad3. 
Overall TGF-β1 induced a pro-inflammatory response in 
astrocytes, through Smad3 activation, indicating that this 
protein may contribute to the pro-inflammatory properties 
of TGF-β. 

240 
Understanding Remyelination Failure: GM-
CSF Blocks Oligodendrocyte Progenitor Cell 
Differentiation 

Andrew Robinson(1) - Kyle Lyman(1) - Haley Titus(1) - 
William Lindstrom(1) - Igal Ifergan(1) - Joseph Podojil(1) 
Stephen Miller(1)

Northwestern University, Microbiology-immunology 
Department, Chicago, United States(1)
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Remyelination and clinical recovery is not uncommon in 
at least a subset of multiple sclerosis (MS) patients. The 
generally accepted paradigm is that remyelination eventu-
ally fails due to an arrest of oligodendrocyte progenitor 
cells (OPCs) in differentiating and restoring functional 
myelin. Though a clear role for inflammatory cytokines 
(IFN-gamma, IL-17, GM-CSF) in perpetuating MS au-
toimmunity has been demonstrated in animal models, 
direct cytokine-induced effects on OPCs has been less 
forthcoming. We began by investigating inflammatory 
cytokines for effects on OPC viability, proliferation, and 
maturation using histological and molecular techniques in 
culture. Whereas IFN-gamma induced cell death in pure 
cultures of OPCs and IL-17 drove OPC maturation, GM-
CSF uniquely inhibited OPC maturation without killing 
the cells. We further found that GM-CSF inhibited OPC 
maturation in cerebellar slice cultures. Additionally GM-
CSF inhibited OPC proliferation in culture suggesting a 
generalized block of metabolically-demanding functions. 
We performed screens for transcriptional changes in cul-
tured OPCs exposed to GM-CSF, and initial evidence 
suggest changes consistent with the induction of the inte-
grated stress response. In vivo, we injected mice intracere-
broventricularly with recombinant GM-CSF during remy-
elination following cuprizone-induced demyelination and 
found increased numbers of OPCs coincident with reduced 
remyelination. These results suggest inflammatory cyto-
kines can have direct effects on remyelination and repair 
in the lesion in addition to driving aberrant immune func-
tion. Initial evidence suggests GM-CSF may play a direct 
role in remyelination failure and thus provide a further 
therapeutic strategy for promoting remyelination in MS.

305 
A new rodent model of progressive demyelination 
and neurodegeneration mimicking progressive 
MS 

Erika Avendaño-Guzmán(1) - Benoit Barrette(2) - Ramona 
Theiss(1) - Nielsen Lagumersindez- Denis(1) - Liat 
Hayardeny(3) - Christine Stadelmann-Nessler(1) - Klaus-
Armin Nave(2) - Wolfgang Brück(1) - Stefan Nessler(1)

University Medical Center, Neuropathology, Göttingen, 
Germany(1) - Max-Planck-Institute of Experimental Medicine, 
Neurogenetics, Göttingen, Germany(2) - Teva Pharmaceutical 
Industries, Research And Development, Netanya, Israel(3)

Background: Chronic disease progression in multiple 
sclerosis (MS) is characterized by an age related neu-
roaxonal degeneration, which occurs diffusely within the 

normal appearing grey and white matter. The sustained in-
flammatory process in chronic MS seems to be compart-
mentalized and largely independent of adaptive inflamma-
tion. However, disease progression is not a characteristic 
feature of experimental autoimmune encephalomyelitis 
(EAE), the classical animal model of MS. 
Objective: To establish and characterize an animal model 
1) with slowly progressive demyelination and axonal de-
cline, 2) with activated microglia cells, 3) with compart-
mentalized neuroinflammation independent of adaptive 
immunity and 4) amenable to treatment. 
Methods: We generated and characterized CNP-Cre Pex-
5fl/fl Rag1-/- mice, which are deficient of peroxisomes in 
oligodendrocytes and have no mature T and B cells. Ani-
mals were treated with laquinimod 25mg/kg at the age of 
6 weeks until month 6 to demonstrate that modulation of 
innate immunity ameliorates disease progression. 
Results: CNP-Cre Pex5fl/fl mice develop normally and 
the first signs of ataxia appear between months 3 and 4. 
The disease is insidiously progressive and animals devel-
op tremor and hindlimb paralysis and die prematurely of 
breathing abnormalities at months 9-12. Histopathologi-
cally, microglia activation precedes demyelination and 
axonal loss. The inflammatory infiltrate is composed of 
activated microglia cells, central memory CD8 T cells, 
FoxP3+ CD4 Tells and sparse NK cells. Interestingly, 
the clinical disease course of CNP-Cre Pex5fl/fl Rag1-/- 
is aggravated compared to immunocompetent CNP-Cre 
Pexfl/fl mice, demonstrating that peripheral immune cells 
modify degenerative axonal pathology. Laquinimod treat-
ment significantly improved the walking ability of CNP-
Cre Pex5fl/fl Rag1-/- mice compared to vehicle treated 
controls and significantly reduced the number of Mac3+ 
microglia cells/ macrophages and APP+ damaged axons 
in the corpus callosum.
Conclusions: We developed a novel animal model with 
features of progressive MS that can be ameliorated by la-
quinimod treatment.
Disclosure: WB and SN received research funding by 
Teva Pharmaceutical Industries Ltd.

313 
Synaptoprotection mediated by GA-altered 
monocytes in Alzheimer’s models

Maya Koronyo-Hamaoui(1, 2) - Songlin Li(2) - Eric Y. 
Hayden(3) - Yosef Koronyo(2) - David A. Daley(2) - Dieu-
Trang Fuchs(2) - Julia Sheyn(2) - Tania Torbati(2, 3) - Altan 
Rentsendorj(2) - David B. Teplow(3) - Keith L. Black(2)

Department of Biomedical Sciences, Cedars-Sinai Medical 
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Center, Los Angeles, California, United States(1) - Maxine-
Dunitz Neurosurgical Institute, Department Of Neurosurgery, 
Cedars-Sinai Medical Center, Los Angeles, California, United 
States(2) - Brain Research Institute & Mary S. Easton Center 
For Alzheimer’s Disease Research, David Geffen School of 
Medicine, Department of Neurology, University of California  
Los Angeles, California, United States(3)

Synaptic loss and dysfunction are tightly correlated with 
cognitive decline in Alzheimer’s disease (AD). These 
processes occur early in disease progression, making 
them vital targets for protective treatments to halt AD 
progression and preserve function. Soluble oligomers 
of the 42-residue long Abeta (Abeta42), although 
highly unstable, may be key synaptotoxic agents to a 
greater extent than the fibrils. Studies have indicated 
that immunization with altered myelin-derived antigens 
effectively attenuates AD in transgenic mouse models. 
Weekly glatiramer acetate (GA) immunization in mice 
leads to enhanced cerebral recruitment of monocytes, 
reduction of neuroinflammation and soluble/insoluble 
Abeta42, and substantial retention of memory and 
learning. Here, we investigated the impact of defined and 
stabilized Abeta42 oligomers on synaptic integrity and 
assessed synaptic preservation mediated by peripheral GA-
stimulated monocytes and macrophages. We confirmed 
that neurons are increasingly susceptible to degeneration 
when exposed to oligomeric versus fibrillar Abeta42. 
Both Abeta42 assemblies triggered neuritic retraction and 
massive loss of pre-(VGluT1) and post-(PSD95) synaptic 
density. Remarkably, GA-treated bone marrow-derived 
macrophage supplementation of primary mouse neurons 
conferred substantial protection against these detrimental 
effects. Synaptoprotective mechanisms of these peripheral 
innate immune cells involved their enrichment at sites of 
Abeta aggregation and alteration of their immunological 
profile of reduced pro-inflammatory cytokine production 
and enhanced regulatory-phagocytic activity. Uptake rates 
of synaptotoxic fibrils and oligomers were accelerated 
in GA-altered macrophages, a result of their improved 
binding to surface scavenger receptors and increased 
clearance through early endosomal/lysosomal pathways. 
Comprehensive pre- and post-synaptic marker analyses of 
entorhinal cortex and hippocampal substructures indicated 
significant synaptic loss in APPSWE/PS1ΔE9 transgenic 
mice versus wild type mice. GA immunization and grafting 
of CD115+-monocytes markedly diminished this synaptic 
loss. Synaptic preservation significantly correlated with 
retained cognition and reduced cerebral Abeta levels. 
Taken together, our data suggest that GA induces a 
synaptoprotective phenotype in myelomonocytes, 

possibly through enhanced scavenger/early endosomal-
mediated clearance of synaptotoxic Abeta42 fibrils and 
oligomers.

353 
Innate Immune response in traumatic Spinal 
Cord Injury (SCI), killing or healing? 

Masoud Hassanpour Golakani(1) - Mohammad Ghaleb 
Mohammad(2) - Hui Li(1) - Manvendra Saxena(1) - Samuel 
Breit(1) - Marc Ruitenberg(3) - Gill Webster(4) - David 
Brown(1)

St Vincent’s Centre For Applied Medical Research (amr) 
/ The University Of New South Wales (unsw), Laboratory 
Of Neuroinflammation, Sydney, Australia(1) - University Of 
Sharjah, Department Of Medical Laboratory Sciences, Faculty 
Of Health Sciences, Sharjah, United Arab Emirates(2) - The 
University Of Queensland (uq), Queensland Brain Institute, 
Brisbane, Australia(3) - Innate Immunotherapeutics, Innate 
Immunotherapeutics, Auckland, New Zealand(4)

Background: Inflammatory responses post spinal cord 
injury (SCI) may be detrimental or beneficial. However 
the dynamics of these inflammatory responses are largely 
unknown. In this study we aimed to characterize the vari-
ous immune cells in and around the injury site and their 
relationship with locomotor functional recovery at vari-
ous time points post SCI in order to identify cell popula-
tions that might be targeted therapeutically. We also in-
vestigated the role of MIS416, a newly discovered drug 
that modulates the myeloid-targeted immune response in 
experimental autoimmune encephalomyelitis (EAE) and 
is currently in phase 2b clinical trial for the treatment of 
secondary progressive multiple sclerosis (SPMS). 
Methods: Severe contusive SCI (70 Kdyne) was induced 
in mice and locomotor function was assessed on day 
1,7,14, 21 and 28 post SCI using the Basso Mouse Scale 
(BMS).  A subset of animals had MIS416 administered in-
travenously 24 hr following SCI and every 7 days thereaf-
ter .The entire spinal cord was removed and immune cells 
were isolated, characterized, and examined using FACS, 
immunohistochemistry (IHC) and immunofluorescence 
(IF). Immune cell subsets were correlated with behavioral 
assessment at various time points post injury.
Results: In untreated mice, peripherally derived immune 
cells progressively increased over the course of recovery 
from SCI, most of which were CD8+ and CD4+ (predom-
inantly IFNg+) T-cells and myeloid DCs (mDCs). IHC 
and IF revealed infiltrating CD11c+ and CD3+ cells in the 
injury core, GFAP+ astrocytes surrounding the core, and 
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Iba-1+ microglia dispersed throughout the entire cord. The 
number of infiltrating macrophages and CD11c+B220+ 
cells were correlated with functional recovery, which 
showed both beneficial and detrimental effects depending 
on the time post SCI. MIS416 treated mice showed signif-
icantly augmented functional recovery compared to saline 
treated control mice (p<0.0001; 2way ANOVA) from day 
7 onwards. This work is ongoing to investigate the cel-
lular mechanism of MIS416 in this respect. 
Conclusions: These findings highlight that the dynamics 
of the innate immune responses post SCI might be ma-
nipulated to augment functional recovery.

371 
Microglia-astrocytic response to experimentally 
induced neurofibrillary degeneration in animal 
model of tauopathy

Peter Filipcik(1,2) - Martin Cente(1,2) - Norbert Zilka(1,2)  
Branislav Kovacech(1,2) - Michal Novak(1,2)  
Institute of Neuroimmunology, Slovak Academy of Sciences, 
Dubravska cesta 9, 84510  Bratislava, Slovakia(1)

Axon Neuroscience R&D Services, Dvorakovo nabrezie 10, 811 
02 Bratislava, Slovakia(2)

Cooperation between neurons, astrocytes and microglia 
plays a major role in pathogenesis of tauopathies includ-
ing Alzheimer’s disease (AD). Details are not completely 
known, however one of the promising strategies is search-
ing for therapeutic targets within the signaling pathways 
associated with expression and function of neuro-immu-
no-modulators. We have expressed a post-translationally 

modified (truncated) form of microtubule associated 
protein tau in rat brain neurons. After several months of 
expression the protein was found accumulated in cyto-
plasm of neurons in the form of high molecular weight 
tau oligomers and insoluble aggregates. During this pro-
cess microglial cells and neuroinflammatory cascades are 
activated. Parallel activation of astrocytes may lead to 
neuroprotection via production of beneficial growth fac-
tors and/or through activation of chaperone machinery 
(e.g. Hsp27), which may result in increased cell division 
of neuroprotective astrocytes. However, over the time, 
chronic neuroinflammation overwhelms the neuroprotec-
tive function of astrocytes and accelerated neurodegener-
ation follows. In animal model of tauopathy we found the 
topological dissociation of neuronally expressed patho-
logical tau and expression of astrocytic Hsp27, GFAP, and 
Vimentin. We have also observed the significant up-regu-
lation of microglia specific markers such as CD18, CD68 
and C3, which points to complex cooperation of astro-
cytes, microglia and neurons in response to intra-neuronal 
accumulation of insoluble tau. Our data suggest that over 
expression of heat shock proteins may represents a part 
of microglia-mediated astrocytic response mechanism in 
the process of neurofibrillary degeneration. This response 
may hypothetically lead to neuroprotection in early stage 
of disease, however in the late stage of disease leads to 
the acceleration of neurodegeneration. This phenomenon 
should be considered in development of disease modify-
ing strategies for treatment of tauopathies and AD.

This work was supported by grants from research funding 
agencies of Slovak Republic: APVV0677-12; 200-11 and 
0206-11;VEGA 2/0147/16.

122 
Super-resolution microscopy and live-cell 
imaging to reveal probiotic-dendritic cell 
interaction 

Elena Rinaldi(1) - Chiara Cordiglieri(1) - Alessandra 
Consonni(1) - Cristina Cappelletti(1) - Marina Elli(2)

Renato Mantegazza(1) - Fulvio Baggi(1)

Neurological Institute Carlo Besta, Department of Neurology 
IV, Milan, Italy(1) - Advanced Analytical Technologies, 
Fiorenzuola d’Arda (PC), Italy(2)

Probiotic administration can induce immunoregulatory 
activities by triggering dendritic cell (DC) maturation, 

modifying effector T-cell balance (Th1/Th2/Th17) and in-
ducing regulatory T-cells. We have evaluated two lactoba-
cilli (LB) and two bifidobacteria (BF) probiotic strains in 
the experimental autoimmune myasthenia gravis (EAMG) 
and experimental autoimmune encephalomyelitis (EAE) 
rat models; EAMG and EAE clinical manifestations were 
significantly ameliorated by LB and BF, compared to ve-
hicle-fed animals. Probiotic strains were evaluated ex vivo 
and in vitro for their ability to interact with dendritic cells 
(DC) and to induce immunomodulatory phenotype. Al-
exa fluor 555-labeled LBs and BFs, administered to naïve 
Lewis rats, were studied in the gut associated lymphoid 
tissue (GALT) via super-resolution microscopy; probiotic 

The microbiome and external infectious challenges in neuroimmunological diseases
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fragments were identified in Peyer’s patches and within 
villi, in proximity to resident DC and CD3+ T-cells. The 
interactions between probiotics and DCs have been also 
studied in in vitro experiments; DCs were exposed to LB 
or BF strains and analyzed by live-cell imaging and su-
per-resolution microscopy. Moreover, we evaluated T-cell 
interactions with DCs and analyzed T-cell motility phe-
notypes (motile, velocity >10 microm/10min; stationary, 
velocity <10 microm/10min), using antigen specific T-cell 
lines for the myelin basic protein (major myelin antigen in 
EAE) and for the peptide 97-116 of the acetylcholine re-
ceptor (immunodominant peptide in EAMG) co-cultured 
with LB- or BF-exposed DCs, pre-loaded with the rele-
vant antigen. After initial random movements over DCs, 
looking for the specific antigen-MHC complex, T-cells 
formed the immunological synapse and acquired a sta-
tionary phenotype. Our data showed that 80% of T-cells 
acquired a stationary phenotype when co-cultured with 
antigen-loaded DCs; on the contrary, exposure of DCs 
to BF or LB prior to DC T-cell co-cultures resulted in a 
decreased percentage of stationary T-cells (30-35%), sug-
gesting that the formation of the immunological synapse 
is delayed in presence of probiotic-exposed DCs. These 
experiments are preliminary to further studies aiming to 
describe the interactions among probiotic, DC and T-cell 
leading to immunomodulation towards a tolerant pheno-
type. The research was supported by a grant from the Ital-
ian Ministry of Health (PE-2011 02346818).

225 
EBV infection affects the processing of myelin 
oligodendrocyte glycoprotein peptides in B cells - 
Implications for Multiple Sclerosis 

Elena Morandi(1) - Anwar Jagessar(2) - Cris 
Constantinescu(1) - Bert T` Hart(2) - Bruno Gran(1)

University Of Nottingham, Division Of Clinical Neuroscience, 
Clinical Neurology Research Group, Nottingham, United 
Kingdom(1) - Biomedical Primate Research Centre (bprc), 
Immunobiology Department, Rijswijk, Netherlands(2)

Multiple Sclerosis (MS) is a neurodegenerative disease 
with an immune-mediated pathogenesis in which Epstein 
Barr Virus (EBV) is a risk factor. Our hypothesis is that 
EBV infection renders B cells potent antigen presenting 
cells (APC) for autoreactive T cells, through influences on 
intracellular proteolysis and post-translational modifica-
tions of self antigens. The aim of this study is to assess the 
effect of EBV infection in B cells on processing of myelin 
oligodendrocyte glycoprotein (MOG). 

We investigated the processing of MOG through SDS 
PAGE gel analysis in the presence or absence of cathepsin 
inhibitors and we determined the proteolytic activity of 
Cathepsin G by activity assay. We also studied the effect 
of autophagy and citrullination on the processing of the 
immunodominant peptides MOG35-55 and MOG1-20. 
In addition, we measured the expression of peptidylar-
ginine deiminase 2 (PAD2) by RT-PCR and LC3-II, an 
autophagy marker, by Western Blotting, in EBV infected 
and uninfected cells.
We found that EBV infection increases the activity of Ca-
thepsin G, leading to increased degradation of MOG35-55 
and MOG1-20 by B cells. However, infection also rescues 
recombinant extracellular human MOG from total degra-
dation. Moreover, inhibition of Cathepsin G or citrullina-
tion of Arginine (Arg) in position 4 and 46 or increased 
autophagy activity abrogated the degradation of MOG 
peptides (destructive processing).
We propose a model in which EBV infection induces au-
tophagy in B cells and a high concentration of Ca2+ in 
autophagosomes facilitates the activation of PAD, which 
mediates citrullination of Arg residues in putative F-LIR 
motifs (Arg4 and Arg46) that mediate association of rh-
MOG (peptides) with autophagosomes. Citrullinated 
MOG35-55 and MOG1-20 are protected from degrada-
tion and can be presented to autoreactive T cells on MHC. 
This mechanism could facilitate presentation of a disease-
relevant myelin autoantigen that may be involved in MS 
induction and progression.

242 
Cytomegalovirus infection exacerbates 
autoimmune mediated neuroinflammation 

Marjan Vanheusden(1) - Bieke Broux(1) - Suzanne Welten(2) 
Liesbet Peeters(1) - Bart Van Wijmeersch(1) - Veerle 
Somers(1) - Piet Stinissen(1) - Ramon Arens(2) - Niels 
Hellings(1)

Hasselt University, Biomedical Research Institute, Diepenbeek, 
Belgium(1) - Leiden University Medical Center, Department 
Of Immunohematology And Blood Transfusion, Leiden, 
Netherlands(2)

Background: Cytotoxic CD4+CD28null T cells arise dur-
ing chronic activation of the immune system and are pres-
ent in a subset of patients with multiple sclerosis (MS), a 
disabling autoimmune disease of the central nervous sys-
tem (CNS). In this study, we focused on cytomegalovirus 
(CMV) as a potential driver for CD4+CD28null T cell 
expansions and its potential role as a disease aggravating 
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agent in MS.
Methods: An association study between CMV serology 
and CD4+CD28null T cells was performed in MS patients 
and healthy controls (HC). To mimic chronic CMV stimu-
lation, peripheral blood mononuclear cells (PBMC) from 
HC and MS patients were stimulated with CMVpp65 or 
IL-2, where after CD4+CD28null T cell expansion was 
analyzed using flow cytometry. In vivo expansion was 
measured at different time points in mice infected with 
murine CMV (MCMV) and in myelin oligodendrocyte 
glycoprotein (MOG)-induced experimental autoimmune 
encephalomyelitis (EAE). Blood, splenocytes and spinal 
cords were analyzed for CD4+CD28null T cells. In ad-
dition, reactivity to CMV or MOG was tested in spleno-
cytes. The extent of demyelination in spinal cord sections 
was determined using myelin basic protein (MBP) immu-
nohistochemistry.
Results: We demonstrate that CD4+CD28null T cell ex-
pansions are predominantly present in CMV+ donors and 
that CMV-specific Immunoglobulin (Ig) G titers correlate 
with the percentage of these cells. Stimulation of PBMC 
with CMV peptide in vitro resulted in the expansion of pre-
existing CD4+CD28null T cells. In a MCMV model, we 
observed the formation and expansion of CD4+CD28null 
T cells over time. In EAE, an increased percentage of pe-
ripheral CD4+CD28null T cells was found to correlate 
with a worsening of clinical symptoms. Pre-exposure to 
MCMV further aggravated EAE paralleled by augmented 
peripheral expansion of CD4+CD28null T cells, increased 
splenocyte reactivity to MOG and higher levels of demy-
elination in the spinal cord. Cytotoxic CD4 T cells were 
identified in demyelinated regions of the spinal cord sug-
gesting that peripherally expanded CD4+CD28null T 
cells migrate towards the CNS to inflict damage.
Conclusions: Taken together, we demonstrated that CMV 
enhances the expansion of CD4+CD28null T cells, there-
by boosting the activation of disease-specific CD4+ T 
cells and aggravating autoimmune mediated inflammation 
and demyelination.

280 
The effect of early-life microbiota disruption on 
experimental autoimmune encephalomyelitis 

Laura Cox - Chantal Kuhn - Stephanie Tankou - Howard 
Weiner
Brigham And Women’s Hospital/harvard Medical School, 
Neurology, Boston, United States

Early-life intestinal microbiota participates in educating 

the developing immune system, and disruptions from an-
tibiotic exposure can have lasting effects on immunity and 
systemic diseases.  The microbiota is hypothesized to play 
a role in multiple sclerosis (MS), and antibiotic treatment 
in humans has been associated with either protection or 
worsening of symptoms, depending on the study.  The mi-
crobiota has been clearly demonstrated to play a role in 
experimental autoimmune encephalomyelitis (EAE), the 
animal model for MS, as germ-free mice or mice treated 
with high-dose broad-spectrum antibiotics have less se-
vere EAE scores. Prior animal studies with high-dose an-
tibiotics result in a massive depletion of the microbiota, 
nearly mimicking the germ-free state, providing an im-
portant proof-of-principal of microbiome involvement in 
EAE.  However, this substantial elimination prevents the 
identification of key microbes that could play a role in 
EAE.  To specifically examine these interactions, we used 
a milder perturbation by administering low-dose penicillin 
(LDP) at a level that does not reduce total microbial popu-
lations.  We gave C57BL6 mice LDP from birth until 4, 
8, or 12 weeks of age, and induced EAE by administering 
myelin oligodendrocyte glycoprotein (MOG) at 8 weeks 
of age.  We recorded EAE scores, collected longitudinal 
microbiota samples, and collected host tissues for immune 
expression profiling.  Mice receiving only 4 weeks of LDP 
showed worse symptoms, while those on longer courses 
showed improvements compared to control mice.  This 
provides evidence that disrupting the early-life microbiota 
with LDP can alter EAE, and that the time of administra-
tion is a critical factor in determining disease outcome.  
Further studies examining the microbiota and the immune 
system are ongoing and have the potential to identify key 
microbial or immune pathways that play a role.

360 
Gut Microbiota from Multiple Sclerosis patients 
triggers autoimmune encephalomyelitis in mice 

Kerstin Berer(1) - Lisa Ann Gerdes(2) - Egle 
Cekanaviciute(3) - Liang Xiao(4) - Zhongkui Xia(4) 
Chuan Liu(4) - Uta Stauffer(5) - Sergio E. Baranzini(3)  
Tania Kümpfel(2) - Reinhard Hohlfeld(2) - Gurumoorthy 
Krishnamoorthy(1) - Hartmut Wekerle(1)

Max Planck Institute of Neurobiology, Neuroimmunology, 
Munich, Germany(1) - Ludwig-Maximilians University, Institute 
of Clinical Neuroimmunology, Munich, Germany(2) - University 
of California, Department of Neurology, San Francisco, United 
States(3) - BGI-shenzhen, BGI Genomics, Shenzhen, China(4) 
Max Planck Institute of Immunobiology and Epigenetics, 
Laboratory Animal Facility, Freiburg, Germany(5)
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Environmental factors are suspected to trigger multiple 
sclerosis (MS) in people with genetic disease susceptibil-
ity. These may include signals from the commensal gut 
flora, as indicated by animal models of CNS-specific auto-
immunity. In order to verify these observations in human 
MS, we used 16S rRNA amplicon sequencing to survey 
the intestinal microbial composition of 34 monozygotic 
twin pairs clinically discordant for MS. While no major 
differences in the microbial profiles between MS-affected 
twins and their healthy co-twins were detected, a sig-
nificant increase in some taxa (including Akkermansia) 
was seen in affected untreated subjects. In a search for 
disease-related functional differences, we transplanted 
paired human fecal samples into germ-free, transgenic 
mice, which are prone to spontaneously develop relaps-
ing-remitting experimental autoimmune encephalomyeli-
tis. The microbial profiles of the colonized mice showed 
a high inter-individual and temporal stability. 16S rRNA 
analysis identified significant differences between MS and 
healthy twin-colonized mice, both at the genus as well as 
OTU taxonomical levels. Most importantly, the MS twin-

derived microbiota induced a higher incidence of auto-
immunity than the healthy twin-derived microbiota. The 
most conspicuous difference was observed in the produc-
tion of anti-inflammatory, regulatory cytokine responses. 
Specifically, T cells from mice recipients of MS micro-
biota displayed lower levels of IL-10 than T cells from 
mice colonized with material from healthy controls. In 
contrast, antigen presenting cells as well as T cell subsets 
did not change significantly between mice receiving MS 
or control fecal material. Furthermore, production of pro-
inflammatory, effector cytokine levels was not affected by 
the origin of the human microbiota. Compared to mouse 
recipients of MS microbiota, splenic T cells from mice 
receiving control microbiota produced similar amounts 
of IFN-gamma and triggered a modest increase in IL-17 
production upon in vitro stimulation with anti-CD3 or 
anti-CD3/anti-CD28 antibodies. These findings provide 
evidence that MS-derived microbiota contain factors that 
precipitate an MS-like autoimmune disease in a transgen-
ic mouse model.

21 
Intra-thecal methotrexate therapy for 
progressive multiple sclerosis: the effect on 
disability cognition and cerebrospinal fluid 
cellular and antibodies content 

Karin Mausner-Fainberg(1) - Hadar Kolb(1) - Keren 
Regev(1) - Moran Penn(1, 2) - Meir Kestenbaum(1)  
Avi Gadoth(1) - Arnon Karni(1, 2) .
Neuroimmunology Laboratory, Department of Neurology,  
Tel Aviv Sourasky Medical Center, Tel Aviv, Israel(1) - Sackler’s 
Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel(2)

Background: An inflammatory infiltration of the menin-
ges occurs especially in patients with progressive MS and 
is associated with disease progression. The disability of 
MS is accumulated mainly in the progressive MS, but the 
available approved therapies for MS are effective only in 
RRMS patients. Previous study by Sadiq et. al. has been 
shown that intrathecal therapy with methotrexate (IT 
MTX) has a beneficial effect on progressive forms of MS. 
We have studied the clinical and laboratory effect of IT 
MTX on patients with progressive MS. 
Methods: Thirteen MS patients (6 with primary progres-

sive-PP and 7 with secondary progressive-SP MS), were 
treated with 12.5 mg IT MTX every 3 months. The neuro-
logical disability was evaluated by EDSS, executive func-
tion ability by SDMT and ambulation capacity by 25 feet 
walk test (25FW). The CSF was evaluated for IgG index, 
no. of CD45+ cells, CD3+ cells, CD14+ cells or CD19+ 
cells per ml that were studied by flow cytometry. 
Results: Among 13 patients 3 completed 2 doses of ther-
apy, 2 received 3 doses therapies, 5 received 4 doses and 
3 received 5 doses. Average ±S.D of EDSS=5.9±1.8 and 
of disease duration=11.8 ± 8.2 years. During the therapies 
the EDSS was sable in 9 patients, improved in 1 patient 
and deteriorated in 3 patients. 25FW time was stable in 2 
patients, improved in 2 patients and became worse in 3 
patients, 6 patients were wheel chair bound before treat-
ment installation. SDMT score was stable in 3 patients, 
improved in 6 patients (4 PPMS and 2 SPMS: most of 
them exhibit decreased CSF-CD19+ cells during therapy) 
and deteriorated in 3 patients. The IgG index was stable 
in 6 patients, decreased in 5 patients and increased in 2 
patients. CSF CD45+ cells, CD3+ cells, CD14+ cell and 
CD19+ cells were increased in 5, 6, 6 and 5 patients re-
spectively, these cell counts were stable in 2, 2, 0, and 0 
patients, respectively and decreased in 6, 7, 7 and 8 pa-

The role of B cells and B-cell, targeting treatment in MS  
(and other neuroimmune disease-revisited)
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tients respectively. Most of the latter (5-6 patients) were 
patients with stable or improved EDSS.  No severe side 
effect was detected in the patients that were treated with 
IT MTX 
Conclusions: IT MTX may have a stabilization effect in 
part of progressive MS patients and may have a beneficial 
cognitive outcome. There was a trend for association be-
tween clinical progression and reduction of CSF immune 
cells count and between cognition and reduction of CSF-
B cell count. Further suppression of immunological activ-
ity in the CSF may increase the efficacy of this mode of 
therapy for progressive MS.

24 
B cell-derived IL-10 regulates pro-inflammatory 
activity of myeloid cells in a clinically meaningful 
manner 

Sebastian Torke - Silke Kinzel - Wolfgang Brück  
Martin S Weber
Institute Of Neuropathology, University Medical Center, 
Goettingen, Germany

During multiple sclerosis (MS) progression, B cell (BC)-
derived plasma cells and antibodies may play a patho-
genic role, in addition to BC acting as antigen-presenting 
cells (APC). This is reflected by the tremendous success 
of anti-CD20-mediated BC depletion in treatment of MS. 
Recent findings highlight that subpopulations of CD20+ 
BC may however exert regulatory properties, mainly by 
provision of anti-inflammatory cytokines. Among these, 
IL-10 is believed to be a key factor. Conversely, IL-6 pro-
duction by BC is associated with pathogenic BC function. 
In the absence of BC activation, BC depletion worsened 
experimental autoimmune encephalomyelitis (EAE) in 
wildtype (WT) mice, which was associated with a decline 
of splenic IL-10 production. IL-10 knockout (KO) mice 
showed a fulminant disease course, which was not further 
accelerated by anti-CD20 treatment. IL-10 KO- as well 
as BC depleted WT mice displayed a pro-inflammatory 
phenotype of myeloid APC, which upon stimulation with 
LPS produced enhanced levels of TNF. As these experi-
ments indicate that B cell-derived IL-10 prevents pro-in-
flammatory activity of myeloid APC, we tested differen-
tiation of bone-marrow derived macrophages (BMDM) in 
co-culture with BC from WT, IL-10- and IL-6 KO mice. 
As expected, BC from IL-10 KO mice produced no IL-10 
and released enhanced levels of IL-6, whereas IL-6 KO 
mice produced no IL-6 and elevated levels of IL-10. WT 
and even more so IL-6 KO BC, but not BC from IL-10 

KO mice downregulated the expression of co-stimulatory 
molecules and the release of TNF by co-cultured BMDM. 
These findings corroborate B cells which are capable of 
releasing IL-10 dampen activation of myeloid APC in a 
therapeutically desirable manner. In a translational ap-
proach, we are currently investigating whether human 
BC similarly regulate differentiation of other APC, and if 
these regulatory BC properties are collaterally abrogated 
by BC depletion. For this purpose, we are isolating pe-
ripheral blood mononuclear cells from patients prior to 
and after rituximab treatment and analyse by quantitative 
PCR whether anti-CD20 treatment affects overall IL-10, 
IL-6 and IL-35 production. Furthermore, we will evaluate 
if the extent of APC activation upon anti-CD20 correlates 
with a predominantly regulatory BC phenotype prior to 
depletion. In perspective, these experiment will help to 
identify patients most suitable for BC-targeted therapy 
and delineate those who may benefit from alternative 
treatment regimens.

25 
Enrichment of B cells with pro-inflammatory 
properties following anti-CD20 mediated B cell 
depletion in an EAE model actively involving B 
cells 

Linda Feldmann(1) - Claude C.A. Bernard(2) - Wolfgang 
Brück(1) - Martin S. Weber(1)

Neuropathology Göttingen, University Medical Center 
Göttingen, Göttingen, Germany(1) - Monash Immunology 
And Stem Cell Laboratories,, Monash University, Monash, 
Australia(2)

Clinical studies generated encouraging results for anti-
CD20-mediated B cell depletion in multiple sclerosis (MS) 
and neuromyelitis optica (NMO). No long-term treatment 
algorithm exists however, and the ideal regimen may differ 
between MS, NMO and related diseases. Here, we investi-
gated anti-CD20 treatment as well as compartment-specif-
ic repletion with B cells after its cessation in a) a purely T 
cell-mediated, and b) a B- and T cell-mediated experimen-
tal autoimmune encephalomyelitis (EAE) model.
C57BL/6 mice received 3 weekly subcutaneous injections 
with 0.2 mg murine anti-CD20 or isotype antibody prior 
to immunization with a) the T cell determinant MOG p35-
55, which does not involve B cells, or b) MOG protein 
1-117, which activates B and T cells.  Mice were moni-
tored for compartment-specific reappearance of B cells, 
which were evaluated phenotypically for markers of ac-
tivation/differentiation as well as functionally for their 
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capability to produce cytokines and to act as antigen-pre-
senting cells (APC).
Anti-CD20-mediated B cell depletion was virtually 
complete in blood and lymph node, while around 5% of 
CD20+ B cells remained detectable in spleen and bone 
marrow. Preventative anti-CD20 treatment exacerbated 
EAE induced by MOG p35-55, while B cell depletion 
ameliorated MOG protein-mediated EAE. In both set-
tings, CD20+ B cells gradually repopulated bone mar-
row, spleen and lymph nodes prior to their detection in the 
blood. In MOG protein EAE, reappearing B cells revealed 
an enhanced expression of MHC-II, an elevated capac-
ity to bind MOG protein and an increased production of 
IL-6, when compared to their status prior to anti-CD20 
treatment. Functionally, these B cells acted as superior 
APC promoting differentiation of naïve T cells into en-
cephalitogenic Th1 and Th17 cells. This accelerated pro-
inflammatory phenotype B cell was not observed in MOG 
p35-55 EAE, in which B cells returned and remained in a 
naïve, un-activated state.
Upon cessation of anti-CD20 treatment B cells can gain 
pathogenic function when they reappear in a B cell acti-
vating milieu, such as a persisting immunization recog-
nizable by B cells. This experimental setting proofs that 
in the context of peripheral B cell stimulation, B cells may 
have to be depleted continuously and prior to their detec-
tion in the blood. Current investigations aim to elucidate 
whether this paradigm applies to NMO and related disor-
ders with assumed peripheral B cell activation.

26 
In vivo dimethyl fumarate treatment enhances 
the ability of B cells to present antigen 

Sarah Traffehn - Imke Metz - Wolfgang Brück  
Martin S. Weber
Department Of Neuropathology, University Medical Center, 
Göttingen, Germany

Introduction: B cells are increasingly recognized as key 
players in multiple sclerosis (MS). While earlier concepts 
focused on plasma cell-secreted antibodies (ab), emerging 
evidence suggest that cellular B cell function, such as pre-
sentation of antigen and provision of pro-inflammatory cy-
tokines may be equally important. We investigated wheth-
er dimethyl fumarate (DMF), an approved MS mediation, 
modulates pathogenic B cell function in experimental au-
toimmune encephalomyelitis (EAE), a model of MS.
Methods: EAE was induced in female C57BL/6 mice us-
ing recombinant mouse myelin oligodendrocyte glyco-

protein (rMOG) 1-117, a model in which activated B cells 
contribute as potent antigen-presenting cells (APC). Mice 
received twice a day 15 mg/kg of DMF or control by oral 
gavage and were scored daily for signs of EAE; CNS tis-
sue was evaluated for inflammation, demyelination and 
cellular infiltration by histology. At various time-points, 
activation and differentiation of B and T cells was as-
sessed by FACS. The ability of B cells to activate naïve T 
cells as APC was investigated in a co-culture system.
Results: DMF treatment initiated prior to immunization 
or after rMOG protein-EAE was established, ameliorated 
disease severity. Significant clinical benefit was associat-
ed with less CNS inflammation, demyelination as well as 
infiltration by CD3+ T cells. DMF-treated mice contained 
a lower frequency of Th1, Th17 and GM-CSF+ T cells 
both in the periphery and the CNS. Upon direct in vitro 
stimulation with anti-CD3, naïve T cells isolated from 
unimmunized DMF-treated mice showed a significant 
decline in pro-inflammatory differentiation. In contrast, 
B cells isolated from naïve or immunized DMF-treated 
mice displayed an enhanced expression of the activation 
markers CD25 and Fas as well as an upregulation of co-
stimulatory CD86 and MHC II. When used as APC, in 
vivo DMF-treated B cells revealed an enhanced capability 
to activate naïve T cells and to promote their encephalito-
genic differentiation. 
Conclusion: DMF treatment significantly reduces sever-
ity of an EAE model, which is mediated by both B and T 
cells. This benefit appears to be mediated by a direct sup-
pressive effect on pro-inflammatory T cell differentiation. 
Our data indicate that DMF treatment is further associated 
with an opposing activation and facilitated APC function 
of B cells. This potential dichotomy of DMF’s effect on T 
versus B cells should be kept in mind when patients vary 
in the treatment response to DMF.

52 
B cell repertoire expansion occurs in meningeal 
ectopic lymphoid tissue 

Klaus Lehmann-Horn(1,2,†) - Sheng-zhi Wang(1)  
Sharon A. Sagan(1,2) - Scott S. Zamvil(1,2)  
H.-Christian von Büdingen(1,3)

Department of Neurology, University of California, San 
Francisco, San Francisco, CA 94158, USA(1) - Program in 
Immunology, University of California, San Francisco, San 
Francisco, CA 94158, USA(2) - Program in Biomedical Sciences, 
University of California, San Francisco, San Francisco, CA 
94158, USA(3) 
†current address: Department of Neurology, Klinikum rechts 
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der Isar, Technische Universität München; Munich Cluster for 
Systems Neurology (SyNergy), Munich, Germany

Background: Ectopic lymphoid tissues (ELT) can be 
found in a variety of organ-specific inflammatory condi-
tions, including the central nervous system (CNS) in pa-
tients with multiple sclerosis (MS). Aggregates of lym-
phoid cells resembling ELT are also present in some types 
of experimental autoimmune encephalomyelitis (EAE), a 
model of MS. The functional relevance of ELT associated 
with the CNS is poorly understood. Objective: To inves-
tigate whether ELT in the meninges of CNS autoimmune 
disease exhibit local germinal center (GC) activity result-
ing in an expansion of the B cell repertoire. Methods: In 
a spontaneous EAE model, which features meningeal 
ELT (mELT), we investigated expression of activation-
induced cytidine deaminase (AICDA), a GC-defining 
enzyme, by immunohistochemistry and qPCR. To deter-
mine GC-activity, we excised meningeal lymphoid ag-
gregates using laser capture microscopy and evaluated B 
cell repertoires in mELT and secondary lymphoid organs 
(SLOs) by next-generation immune repertoire sequenc-
ing. Results: We detected AICDA mRNA and protein in 
mELT, densely populated by B and T cells. The extent 
of somatic hypermutation (SHM) in immunoglobulin (Ig) 
heavy chain variable region sequences in mELT was com-
parable to that in SLOs. B cell repertoires in mELT were 
largely independent, with limited overlap to repertoires in 
SLOs. We found Ig heavy chain variable region sequences 
that were unique to mELT and Ig lineage tree analyses 
demonstrated local SHM in mELT. Conclusion: Together, 
our results indicate that GC activity, affinity maturation, 
and expansion of the B cell repertoire occur in mELT in-
dependent of secondary lymphoid organs. These findings 
suggest that B cells in mELT actively participate in CNS 
autoimmunity, which may be relevant to mELT in MS and 
ELT in other chronic inflammatory conditions.

56 
ALCAM regulates B cells migration across the 
barriers of the CNS 

Laure Michel(1) - Camille Grasmuck(1) - Evelyn Peelen(1) 
Marc Charabati(1) - Marc-andré Lécuyer(1) - Lyne 
Bourbonnière(1) - Sandra Larouche(1) - Pierre Duquette(1)  
Amit Bar-or(2) - Jennifer Gommerman(3) - Alexandre Prat(1)

Crchum, Univeristé De Montréal, Montréal, Canada(1) - 
Department Of Neurologu, Mcgill University, Montréal, 
Canada(2) - Department Of Immunology, University Of Toronto, 
Toronto, Canada(3)

Background: Multiple Sclerosis (MS) is classically 
considered as a T lymphocyte- mediated autoimmune 
disease. However, the efficacy of therapies targeting B 
cells and the presence of inflammatory cell aggregates 
within the meninges of patients, plead for an important 
role of B lymphocytes. ALCAM (Activated Leukocyte 
Cell Adhesion Molecule) has been identified in our lab 
as a major adhesion molecule involved in monocytes 
trafficking inside the CNS. 
Objective: To analyze the phenotype and the function of 
ALCAM+ B cells in vitro in both humans and mice, and 
also in vivo in active EAE model. 
Methods: Phenotype of ALCAM+ B cells was first deter-
mined by flow cytometry and immunohistofluorescence 
in healthy volunteers. Then, transmigration of B lympho-
cytes (with or without blocking Abs against ALCAM) was 
assessed in primary cultures of parenchymal and meninge-
al endothelial cells that replicate in vitro the Blood Brain 
Barrier (BBB) and Blood Meningeal Barrier (BMB). Ad-
hesion and velocity of B cells from KO ALCAM mice 
or WT mice on Brain Murine Endothelial Cells (BMECs) 
was analyzed using flow assays. Lastly, the effects of anti-
ALCAM Abs was assessed in active rhMOG EAE model. 
Results: Ex vivo human B lymphocytes express ALCAM 
(40%). These ALCAM+ B lymphocytes contain signifi-
cantly more CD19+CD27+/CD24hiCD38- memory B 
lymphocytes. They are also significantly enriched in 
markers of activation as compared to ALCAMneg B cells 
and secrete significantly more pro-inflammatory cytokines 
(such as IL-6, TNFα and GM-CSF). ALCAM significant-
ly mediates migration of human B cells in vitro across 
the BBB and BMB with a 30% migration inhibition using 
the blocking Ab. Moreover, using flow assays, we found 
that the adhesion on BMECs and the velocity of B cells 
are significantly reduced using B cells from ALCAM KO 
animals compared to those from WT animals. In active 
rhMOG EAE, ALCAM+ B cells significantly infiltrate the 
CNS at the peak of the disease compared to the chronic 
phase. Finally, treatment of active rhMOG EAE mice with 
anti-ALCAM Ab between Day 7 to Day 20 reduced the 
severity of the disease. 
Conclusion: ALCAM+ B cells are memory pro-inflamma-
tory B cells. Moreover, ALCAM plays an important role 
in B cell migration across CNS barriers and anti-ALCAM 
Ab reduces the severity of disease in active rhMOG EAE. 
Targeting this molecule on B cells could represent a major 
and innovative advance in the therapeutic area of MS. 
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131 
CNS-derived APRIL triggers IL-10 production 
from astrocytes in multiple sclerosis 

Patrice Lalive(1) - Laurie Baert(2) - Natalia Popa(3) - Madhia 
Benkhoucha(1) - Benoit Manfroi(2) - Jean Boutonnat(4) 
Gilda Raguenez(3) - Marine Tessier(3) - Fabienne Pelletier(3) 
Pascal Schneider(5) - Olivier Casez(6) - Romain Marignier(7) 
Patrice Marche(2) - Michael Hahne(8) Dominique Baeten(9) 
Hans Lassmann(10) - Jose Boucraut(3) - Bertrand Huard(2)

Neurology, University Hospital, Geneva, Switzerland(1) 
Institute For Advanced Biosciences, University Grenoble Alpes/
INSERM, La Tronche, France(2) - Université Méditerrannée, 
Faculty Of Medicine, Marseille, France(3) - DACP, University 
Hospital, Grenoble, France(4) - Biochemistry, University, 
Lausanne, Switzerland(5) - Neurology, University Hospital, 
Grenoble, France(6) - Neurosciences Research Centre, Faculty 
Of Medicine, Lyon, France(7) - Molecular Genetics, CNRS, 
Montpellier, France(8) - Academic Medical Center, University, 
Amsterdam, the Netherlands(9) - Brain Research, University, 
Vienna, Austria(10)

The two related TNF members APRIL and BAFF are cur-
rently targeted in autoimmune diseases as B-cell regula-
tors. In multiple sclerosis (MS), combined APRIL/BAFF 
blockade led to an unexpected exacerbated inflammation 
in the central nervous system (CNS) of patients. Here we 
show a neuroprotective role of APRIL by reporting an in-
creased and decreased severity of experimental autoim-
mune encephalomyelitis (EAE), an animal model of MS, 
in APRIL-deficient and APRIL-transgenic mice, respec-
tively. In patients, immunohistological analysis of CNS 
biopsies showed a specific expression of APRIL in MS 
lesions. As reported previously in the periphery at steady 
state, a subset of CNS infiltrating macrophages produced 
APRIL in these lesions. Whereas the cerebrospinal fluid 
of patients did not contain increased concentration of se-
creted APRIL, the latter specifically accumulated in astro-
cytes from lesions. Astrocytes bound APRIL by virtue of 
their expression of chondroitin sulfate proteoglycans, and 
responded to APRIL by producing IL-10. Taken together, 
our data show that APRIL is upregulated in MS lesions 
and may induce a protective response from astrocytes by 
the production of the anti-inflammatory IL-10. Such role 
for CNS derived APRIL may explain the recent failure for 
BAFF/APRIL blockade in MS. 

168 
Dysregulation of B lymphocytes in Myalgic 
encephalomyelitis/Chronic Fatigue Syndrome 

Wakiro Sato(1) - Hirohiko Ono(1) - Masakazu Nakamura(1) - 
Takashi Yamamura(1)

Department of Immunology, National Institute of Neuroscience, 
National Center of Neurology and Psychiatry (NCNP)(1)

Objective: Myalgic encephalomyelitis/Chronic Fatigue 
Syndrome (ME/CFS) is a disease of unknown etiology 
characterized by severe fatigue and post-exertional mal-
aise, pain, sleep problems, sensory hypersensitivity and 
cognitive dysfunction‐often accompanied with symp-
toms related to immune and autonomic function. Various 
immune-related abnormalities including chronic immune 
activation or functional defects were described. Of note, 
it was recently reported that B cell depletion therapy by 
anti-CD20 Abs (rituximab) ameliorated about two-thirds 
of the patients in a single center phase 2 clinical study 
(PLOS one 2015, Fluge O et al). The aim of this study is 
to detect B cell subset abnormalities of ME/CFS patients.
[Methods] 23 ME/CFS patients (age±SD=43±13 years 
old: Male: Female=4:19) fulfilled 2003 Canadian con-
sensus criteria and 30 healthy subjects as a control were 
enrolled. Blood samples were collected and peripheral 
blood mononuclear cells were separated immediately. 
PBMCs were stained by mAbs to detect the B cell subsets 
defined as: B cells (CD3-CD14-CD19+); naïve B cells 
(CD19+CD27-); memory B cells (CD19+CD27+); tran-
sitional B cells (CD19+CD27-CD24+MTG+); activated 
naïve B cells (CD19+CD27-CD24-MTG+); plasmablasts 
(CD19+CD27+CD180-CD38high) (MTG: Mito Tracker 
Green FM). The surface molecules related to activation 
(HLA-DR and CD138), proliferation (Ki67) and costimu-
latory (CD40, CD80 and CD86) on each subset were eval-
uated by flow cytometry. 
Results: Flow cytometer analysis demonstrated that, 
among B cell subsets, the frequency of transitional B cells 
was significantly increased in ME/CFS subjects (p<0.01). 
The analyses of various functional molecules of each sub-
set revealed that the frequency of CD80+ plasmablasts 
was significantly decreased in patients (p<0.05). More-
over, several patients showed increased CD138+ cells in 
either naïve B cells, memory B cells or plasmablasts. Tran-
sitional B cells have been reported to possess regulatory 
capacity and to be related to systemic autoimmunity such 
as systemic lupus erythematosus or rheumatoid arthritis. 
The decrease of this subset in ME/CFS suggests the func-
tional dysregulation of B cells, which may partly explain 
the therapeutic efficacy of B cell targeted immune therapy. 
Conclusion: ME/CFS peripheral blood B cells showed 
some dysregulation. Further studies are needed to eluci-
date the mechanism.
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169 
Fingolimod therapy promotes a B cell-mediated 
anti-inflammatory cytokine profile in B and 
T cells and reduces CXCR4-mediated B cell 
migration in patients with Multiple Sclerosis

Shiri Blumenfeld(1) - Elsebeth Staun-ram(1) - Ariel Miller(2)

Rappaport Faculty Of Medicine, Technion- Israel Institute Of 
Technology, Haifa, Israel(1) - Neuroimmunology Unit & Multiple 
Sclerosis Center, Carmel Medical Center, Haifa, Israel(2)

Background: As recently published by us, fingolimod an 
oral drug for patients with Multiple Sclerosis (PwMS) 
modulates B cell subsets and induces an anti-inflammato-
ry cytokine profile in B cells. In order to gain a better un-
derstanding on the drug effects on B cell functionality, the 
current study aim was to assess the effect of fingolimod 
therapy on B cells migration capacity and their effect on T 
cells cytokine profile and proliferation. Methods: Primary 
B and T cells were obtained from 28 PwMS free for at 
least 1 month (m) of prior disease-modifying therapy or 
steroids, at 0 and 3m fingolimod therapy. CXCR4 expres-
sion and B cells migration towards CXCL12 was assessed 
by flow cytometry (FC) and a transwell system. αIgM/
αCD40 and αCD3/αCD28 + PMA/Ionomycin stimulated 
B and T cells were co-cultured for 40h and the cytokine 
profile of B and T cells alone and when co-cultured as-
sessed and compared by FC. Likewise, B and T cells were 
co-cultured for 96h, T cell proliferation was assessed by 
the CFSE methodology and IL2 secretion assessed by 
ELISA. T cells were collected at 0m, frozen and used for 
both 0m and 3m visit in order to determine the drug effect 
on B cells only. Results: A reduction in the percentage and 
migration capacity towards CXCL12 of CD27+CXCR4+ 
B cells was observed after 3m fingolimod therapy, and 
CXCR4 expression was reduced on total and CD27- B 
cells. The percentage of TGFbeta+ T cells co-cultured with 
B cells was increased as well as their ratio to LTalpha+, 
TNFalpha+ or IFNgamma+ T cells. The ratio of IL4+ to 
TNFalpha+ or IFNgamma+ co-cultured T cells was sig-
nificantly increased as well. In addition, after 3m therapy, 
B cells co-cultured with T cells showed an increased ratio 
of TGFbeta+ to TNFalpha+ or LTalpha+, IL10+ to IFN-
gamma+ and IL4+ to TNFalpha+ B cells. Furthermore, B 
cells increased T cell proliferation at 0m but not at 3m in 
accordance with reduced IL2 secretion after 3m therapy. 
Conclusions: Fingolimod therapy reduced CXCR4-medi-
ated B cell migration capacity, increased the ability of B 
cells to induce an anti-inflammatory cytokine profile in T 
cells and to reduce their proliferation and IL2 secretion. 
In addition, the therapy stimulated an anti-inflammatory 

cytokine profile in B cells co-cultured with T cells. These 
effects may contribute to the beneficial therapeutic effect 
of fingolimod in PwMS. 

172 
Long-lived plasma cells can persist in the 
central nervous system during chronic 
neuroinflammation 

Karolin Pollok(1) - Ronja Mothes(2) - Friedemann Paul(3) 
Alina Liebheit(4) - Carolin Ulbricht(4) - Anja Hauser(5) - 
Helena Radbruch(2)

Deutsches Rheumaforschungszentrum, Ag Immune Dynamics, 
Berlin, Germany(1) - Charité - Universitätsmedizin Berlin, 
Department Of Neuropathology, Berlin, Germany(2) - Charité 
Universitätsmedizin Berlin, Neuro Cure, Berlin, Germany(3) 
Deutsches Rhemaforschungszentrum Berlin, Ag Immune 
Dynamics, Berlin, Germany(4) - Charité - Universitätsmedizin 
Berlin, Division Of Rheumatology And Clinical Immunology, 
Berlin, Germany(5)

Beside the key role of T and B cells in the pathogenesis of 
multiple sclerosis, plasma cells can contribute to the dis-
ease by antibody production. In our study we investigated 
the involvement of plasma cells during neuroinflamma-
tion. In an adapted mouse model we immunized C57BL/6 
mice with recombinant human myelin oligodendrocyte 
glycoprotein (MOG) and boosted the mice four weeks 
after initial immunization, which led to a second peak of 
clinical signs and high anti-MOG antibody titers. Plasma 
cells occurred in the meninges and the parenchyma of 
the inflamed spinal cord, surrounded by tissue areas with 
an elevated expression of the plasma cell survival factor 
CXCL12. Antibody-secreting cells occurred in the menin-
ges and the parenchyma of the inflamed spinal cord, sur-
rounded by tissue areas with an elevated expression of the 
plasma cell survival factors CXCL12 and BAFF, and fur-
ther PDGFRβ, which is a marker for follicular dendritic 
cell (FDC) precursors. In order to determine the lifetime 
of plasma cells in the chronically inflamed central nervous 
system (CNS), we labeled the DNA of proliferating cells 
with EdU before and after boost. Up to five weeks later, 
we could still detect EdU+ long-lived plasma cells and 
memory B cells in the CNS in line with Ki67-CD138+ 
plasma cells in human brain biopsy material. Further, 
we treated the mice with the proteasome inhibitor Bort-
ezomib starting before clinical onset, which resulted in a 
significant milder disease course. A therapeutic Bortezo-
mib treatment starting at the onset after the primary or 
secondary immunization was also performed, which led 
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to comparable courses of EAE between the treated and 
untreated mice.We determined the inflammation and de-
myelination during the significant reduction of symptoms. 
To compare the total numbers of plasma cells in the in-
flamed tissue, spinal cord was recorded via light sheet mi-
croscopy, however no differences were observed between 
treated and control mice. Taken together, we showed that 
plasma cells have a pathogenic effect during establish-
ment of EAE and we found long-lived plasma cells in the 
inflamed CNS, suggesting that the CNS provides survival 
niches for long-lived plasma cells. Addressing these cells 
offers new perspectives for treatment strategies in chronic 
neuroinflammatory diseases, especially in patients who do 
not respond to therapies targeting B and T cells.

185 
Dimethyl Fumarate therapy modulates B cells 
phenotype and functional markers, increasing 
IL10+ B regulatory cell subsets in patients with 
Multiple Sclerosis 

Elsebeth Staun-Ram(1) - Eiman Najjar(1) - Ariel Miller (1, 2)

Technion-Israel Institute Of Technology, Rappaport Faculty Of 
Medicine/Neuroimmunology, Haifa, Israel(1) - Neuroimmunology 
Unit & Multiple Sclerosis Center, Carmel Medical Center, 
Haifa, Israel(2)

Background: Dimethyl Fumarate (DMF) is a novel oral 
therapy for patients with relapsing-remitting Multiple 
Sclerosis (RRMS), with the mode of action mainly at-
tributed to anti-oxidative and anti-inflammatory effects. 
We present here an interim analysis of our ongoing study 
aimed to assess the immunological impact of 3 months 
(m) DMF therapy on immune cells in general and B cell 
subsets specifically. Methods: 17 RRMS patients at least 
1m free of relapse and steroid treatment were recruited, 
out of which 8 were 1st line DMF patients and 9 received 
DMF 2nd line, the latter without prior disease modifying 
therapy (interferon beta, fingolimod or glatiramer acetate) 
for a minimum of 1m. Peripheral blood mononuclear cells 
(PBMCs) were collected at 0 and 3m after DMF initiation 
and B cells isolated by negative selection. The levels of 
CD4+ and CD8+ T cells, CD14+ monocytes and CD19+ 
B cells, as well as 17 known B cell subsets and functional 
markers were assessed immediately by flow cytometry. 
Results: 3m DMF therapy significantly reduced the per-
centage of CD3+CD8+ T cells relative to baseline. After 
3m DMF therapy, the expression level of CD38, as well 
as the percentages of CD24+ B cells, of IgD+  B cells 
and of CD27-CD38+CD24+ transitional B cells were el-

evated, while no change was found on  the percentages of 
CD27-IgD+ naïve, CD27+IgD- memory, CD27+CD38+ 
plasmablast and CD27+CD38+CD138+ plasma B cells. 
Additionally, DMF therapy increased the percentages of 
Interleukin (IL10)+, CD5+IL10+, CD1D+IL10+  and 
CD80+IL10+ B cells, all  subsets associated with regu-
latory capacities. Furthermore, the expression level of 
anti-inflammatory IL10 was elevated on CD5+IL10+, 
CD1D+IL10+,  CD86+IL10+ and CD80+IL10+ B cells 
after 3m DMF therapy. Finally, the expression level of ac-
tivation marker CD69 and percentage of CD69+ B cells 
was increased, as well as the expression levels of antigen-
presenting markers CD54 and HLA. Conclusions: 3m 
DMF therapy modulates several B cell phenotype and 
functional markers, and elevates IL10+ B regulatory cell 
subsets. These modifications may be part of the beneficial 
effects of the drug in patients with RRMS. 
Study supported by an Investigator-Initiated Trial grant 
from Biogen.

249 
Peripheral VH4+ plasmablasts are expanded 
and demonstrate autoreactivity towards brain 
antigens in early Multiple Sclerosis patients 

Nancy Monson(1) - Jacqueline Rivas(2) - Sara Ireland(2) 
Rati Chkheidze(3) - Denise Ramirez(2) - Benjamin 
Greenberg(2) - Lindsay Cowell(4) - Ann Stowe(2)

Ut Southwestern Medical Center, Neurology And 
Neurotherapeutics, Dallas, United States(1) - Ut Southwestern 
Medical Center, Neurology And Neurotherapeutics, Dallas, 
United States(2) - Ut Southwestern Medical Center, Pathology, 
Dallas, United States(3) - Ut Southwestern Medical Center, 
Clinical Sciences, Dallas, United States(4)

Plasmablasts are a highly differentiated, antibody secret-
ing B cell subset whose prevalence correlates with disease 
activity in Multiple Sclerosis (MS). In our cohort, most 
early MS patients at the first clinical presentation of trans-
verse myelitis symptoms display an elevated frequency 
of plasmablasts in the blood. In this study we found that 
many of these peripheral plasmablasts are autoreactive 
and express antibodies that over-utilize immunoglobu-
lin heavy chain V-region subgroup 4 (VH4) genes. Most 
of the autoreactive, highly mutated VH4+ plasmablast 
antibodies recognize only a portion of cortical neurons, 
indicating that the response may be specific to neuronal 
subgroups or layers. These antibodies target both intracel-
lular and extracellular antigens. Taken together, this data 
indicate that expanded VH4+ peripheral plasmablasts in 
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early MS patients recognize brain gray matter antigens. 
We anticipate that these findings may indicate that periph-
eral plasmablasts participate in the autoimmune response 
associated with MS. 

267 
Characterization of local B-cell populations in 
paired blood and brain compartments in end-
stage multiple sclerosis 

Malou Janssen(1) - Gijsbert P. Van Nierop(2) - Georges 
M. G. M. Verjans(3) - Marvin M. Van Luijn(4) - Rogier Q. 
Hintzen(1)

Erasmus MC, Departments Of Immunology And Neurology, MS 
Center ErasMS, Rotterdam, -(1) - Erasmus MC, Departments 
Of Neurology And Viroscience, MS Center ErasMS, Rotterdam, 
Netherlands(2) - Erasmus MC, Department Of Viroscience, 
Rotterdam, Netherlands(3) - Erasmus MC, Department Of 
Immunology, MS Center ErasMS, Rotterdam, Netherlands(4)

B cells most likely play a central role in multiple sclerosis 
(MS) pathology. We here aimed to study these cells at the 
site of disease activity, the intrathecal compartment. Do-
nor material was obtained by the Netherlands Brain Bank; 
post-mortem delay was always <12 hours, enabling col-
lection of viable cells in 7 end-stage MS patients and 7 
non-demented controls (NDC). B cell populations were 
collected from white matter (for MS, both lesions and 
normal appearing, NAWM), leptomeninges (LM), cere-
brospinal fluid (CSF) and peripheral blood. Cells were 
stained with a 13-color antibody panel for B-cell subset 
analysis using flow cytometry. Overall, we found an over 
two-fold increase of CD19+ cells within the CD45+ frac-
tion in MS compared to NDC (p = 0.004), which was most 
pronounced in white matter (both lesional and NAWM 
tissue). Increased percentages of IgM+ subsets were ob-
served in MS (p = 0.02). Of all CD19+ cells, a higher pro-
portion was CD27hiCD38hi in MS (p = 0.024), especially 
in LM and CSF.  The high expression of CD19, CXCR4 
and CD38 as well as the low HLA-DR expression sug-
gested  that these cells were  long-lived plasma cells (PC). 
In contrast to NDC, 3 out of 7 MS patients also had PC  
that were negative for CD45. This was observed in brain 
(1/3), CSF (2/3) and LM (3/3), but not in blood, suggest-
ing the local presence of highly matured PC. These CD45- 
PC were positive for CD21, while CD45+ PC showed low 
or no CD21 expression. In patients containing CD45- PC,  
an increased proportion of CD45+ PC  was positive for 
CD24, reflecting a regulatory phenotype. The synchro-
nous presence of these two PC subsets could indicate a 

functional relationship. Although a minimal number of B 
cells was found in MS white matter, six samples contained 
adequate numbers (>50) of CD19+ B cells for subset 
analysis (macroscopically scored as two lesions and four  
NAWM). In lesions, a higher percentage of B cells was 
IgG+, while B cells in NAWM mainly expressed IgM. 
This study is the first to show characteristics of B cells 
present in paired body compartments directly ex vivo 
from 14 different brain donors. The increased proportion 
of mature PC subsets in MS brain implies that intrathecal 
antibody production plays an important role during patho-
genesis for at least a subgroup of MS patients.

324 
Targeting plasma cells with proteasome 
inhibitors for treatment of myasthenia gravis 

Marina Damas(1) - Abi Saxena(1) - Gisela Nogales(2)  
Maarten Beek(1) - Nienke Van Den Hoogen(1)  
Peter Molenaar(1) - Bert Joosten(1) - Nick Willcox(3)  
Pilar Martinez-martinez(1) - Mario Losen(1)

Maastricht University, Psychiatry And Neurospychology, 
Maastricht University, Maastricht, The Netherlands, 
Maastricht, Netherlands(1) - Germans Trias I Pujol Research 
Institute And Campus Can Ruti, Au, Translational Research 
Laboratoy In Neuromuscular Diseases, Neurosciences 
Department, Badalona, Spain(2) - Nuffield Department Of 
Clinical Neurosciences, Weatherall Institute For Molecular 
Medicine, University Of Oxford, Oxford, United Kingdom(3)

Autoantibodies against the muscle AChR are mainly pro-
duced by both short- and long-lived plasma cells, which 
are resistant to standard immunosuppressive drugs (e.g. 
glucocorticoids). A novel therapy to eliminate plasma cells 
is the proteasome inhibitor bortezomib, which is used to 
treat patients with multiple myeloma (MM, a plasma cell 
malignancy). Previously, we demonstrated that bortezo-
mib also reduced autoantibody titers in an animal model 
of MG (Gomez, A. M. J. Immunol. 2011). The thymus 
of MG patients is frequently enriched in germinal centers 
and contains plasma cells that produce autoantibodies in 
vitro, even after irradiation (which depletes B and T lym-
phocytes). We studied the in vitro effects of bortezomib in 
cultured thymus cells from MG patients undergoing thera-
peutic thymectomy. Treatment with a single dose of bort-
ezomib eliminated plasma cells and thereby blocked the 
production of IgG, including pathogenic autoantibodies. 
Ultrastructural signs of apoptosis were detected in plasma 
cells as early as 8 h after addition of bortezomib; at 24 
h, no plasma cells could be detected (Gomez, A. M. J. 
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Immunol. 2014). Finally, we are currently testing in vitro 
and in vivo second-generation proteasome inhibitors effi-
cient in eliminating autoreactive plasma cells with special 
focus in investigating their side effects such as peripheral 
neuropathy.

336 
Distinct oligoclonal band antibodies in multiple 
sclerosis recognize ubiquitous self-proteins 

Simone M. Brändle(1) - Birgit Obermeier(1) - Makbule 
Senel(2) - Jessica Bruder(1) - Reinhard Mentele(1) - Mohsen 
Khademi(3) - Tomas Olsson(3) - Hayrettin Tumani(2) 
Wolfgang Kristoferitsch(4) - Friedrich Lottspeich(5) 
Hartmut Wekerle (6) - Reinhard Hohlfeld(1) - Klaus 
Dornmair(1)

Institute Of Clinical Neuroimmunology, Ludwig-Maximilians-
University, Munich, Germany(1) - Department Of Neurology, 
University Of Ulm, Ulm, Germany(2) - Neuroimmunology Unit, 
Department Of Clinical Neuroscience, Center For Molecular 
Medicine, Karolinska University Hospital, Stockholm, Sweden(3) 
- Karl Landsteiner Institute For Neuroimmunological And 
Neurodegenerative Disorders, Sozialmedizinisches Zentrum 
Donauspital, Vienna, Austria(4) - Department Of Protein 
Analystics, Max-Planck Institute Of Biochemistry, Martinsried, 
Germany(5) - Department Of Neuroimmunology, Max-Planck 
Institute Of Neurobiology, Martinsried, Germany (6)

Oligoclonal bands (OCBs) are expanded antibody spe-
cies that can be detected in cerebrospinal fluid (CSF) of a 
majority of patients with multiple sclerosis (MS). OCBs 
are produced intrathecally and are thought to provide im-
portant clues to the pathogenesis of inflammatory condi-
tions of the central nervous system. Although OCBs are 
known for decades, the target antigens remained elusive. 
Identification of target antigens was mainly hindered 
by the fact that it was not possible to isolate single ex-
panded OCB antibodies. In previous studies, unfraction-
ated CSF samples or single cell derived antibodies were 
used to investigate target antigens, but these could not be 
assigned to particular OCBs. Here, we characterized six 
distinct OCB-antibodies from four MS patients by co-pu-
rification of disulfide-linked immunoglobulin heavy and 
light chains and mass spectrometry. Alignment of patient-
specific peptides to the corresponding immunoglobulin 
transcriptome database allowed reconstruction of full-
length chains, recombinant expression of distinct OCB 
antibodies, and subsequent antigen searches. As proof of 
principle, we characterized an OCB-antibody from CSF 
of a patient with neuroborreliosis and demonstrated that 

this antibody recognizes a Borrelia-protein. We identified 
three different autoantigens of OCB-antibodies from MS 
patients using protein microarrays. Reactivity to these 
autoantigens was validated by independent experiments 
with target proteins expressed in different organisms. All 
autoantigens are ubiquitous intracellular proteins not spe-
cific to brain tissue. This suggests that the B-cell response 
may differ between MS patients and seems to be, at least 
partially, targeted at proteins normally not accessible to 
antibodies. Such target antigens may be released during 
tissue destruction, i.e. in response to cell debris that was 
generated in a primary immune response. However, we 
may not exclude cross-reactivity between intracellular au-
toantigens and microbial antigens. For a complete view, 
more OCB-antibodies and their corresponding antigens 
need to be analyzed.

346 
Double negative (CD19+CD27-IgD-CD20-) B 
cells are up-regulated in auto-antibody associated 
neurological diseases and show similarities to 
plasmablasts on a transcriptome level 

Markus Kowarik(1) – Miriam Kaminski(1) – Christiane 
Gasperi(1) – Zuszsanna Hrasko(1) Martin Irmler(3) – Klaus 
Thürmel(4) – Greg P. Owens(5) – Jeffrey L. Bennett(6)  
Bernhard Hemmer(1, 2)

Department of Neurology, Technische Universität München, 
Ismaninger Str. 22, 81675 Munich, Germany(1) - Munich Cluster 
for Systems Neurology (SyNergy), Feodor-Lynen-Str. 17, 81377 
Munich, Germany(2) - Institute of Experimental Genetics, 
Helmholtz Zentrum München, Ingolstädter Landstraße 1, 85764 
Neuherberg(3) - Department of Rheumatology, Technische 
Universität München, Ismaninger Str. 22, 81675 Munich, 
Germany(4) - Department of Neurology, University of Colorado, 
12700 East 19th Avenue Aurora, CO 80045(5) - Departments 
of Neurology and Ophthalmology, Program in Neuroscience 
University of Colorado, 12700 East 19th Avenue, Aurora, CO 
80045 (6)

We have observed an expansion of double negative 
(DN) CD27-IgD- B cells in the blood of patients with 
neuromyelitis optica spectrum disorder (NMOSD). The 
peripheral DN B cell subset showed a close clonal relation 
to disease relevant plasmablasts in CSF suggesting 
that this subset is involved in NMOSD pathogenesis. 
In order to further evaluate the role of DN B cells in 
autoimmune diseases we studied the distribution of B cell 
subsets in the blood of patients with neuroinflammatory 
diseases. B cell subsets were analyzed in the peripheral 
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blood of patients with NMOSD, myasthenia gravis, 
meningitis, Guillain-Barré syndrome (GBS), multiple 
sclerosis (MS), non-inflammatory neurological diseases 
(NIND) and patients with rheumatic diseases by 
flow cytometry. B cell populations were defined as 
follows: naïve (CD19+CD20+CD27-IgD+), memory 
(CD19+CD20+CD27+), plasmablast (CD19+CD20-
CD27+CD38++CD138+), and double-negative 
(CD19+CD20-CD27-IgD-) B cells. We also characterized 
the transcriptome (Affymetrix gene array 2.01/2.1) and Ig 
repertoire (assessed by next generation mass sequencing) 
of DN B cells and plasmablasts after influenca vaccination 
to better understand the evolution of clonal B cell 
responses after a defined immunological stimulus.
We observed a significant up-regulation of DN B cells in 
patients with myasthenia gravis, meningitis, GBS, and pa-
tients with rheumatic diseases when compared to NIND. 
Peripheral plasmablasts were higher in patients with MS, 

GBS and meningitis. After influenca vaccination we ob-
served significantly elevated DN B cells and plasmablasts 
at day seven compared to baseline. Principal component 
analysis on whole transcriptomes from different B cells 
showed a close relation of DN B cells and plasmablasts. 
Preliminary analyses of immunoglobulin transcriptome 
repertoires demonstrated a higher number of B cell clus-
ters (based on sequence similarity) in plasmablasts (11%) 
and DN B cells (7%) when compared to memory (2%) 
and naïve B cells (1%).  
In conclusion, higher numbers of peripheral DN B cells or 
plasmablasts are observed in neuroinflammatory diseases. 
The increase of these two subsets following vaccination 
suggests that both subsets might contain antigen driven B 
cell clones involved in the pathogenesis of disease. Fur-
ther characteristics of DN B cells are currently under in-
vestigation.

4 
Chronic spinal cord injury attenuates influenza 
virus specific antiviral immunity 

Valerie Bracchi-Ricard(1) - Ji Zha(1) - Samita Andreasky(2) 
John R. Bethea(1)

Drexel University Department Of Biology, University, 
Philadelphia, United States(1) - University Of Miami, University, 
Miami, United States(2)

Individuals suffering from spinal cord injury (SCI) are at 
higher risk for respiratory related viral infections such as 
influenza. In a previous study (Zha et al. 2014), we dem-
onstrated that chronic spinal cord injury caused impair-
ment in CD8+T cell function with increased expression of 
the immunosuppressive protein, programmed cell death 
1 (PD-1). The present study was undertaken to establish 
whether chronic SCI- induced immune deficits would af-
fect antiviral immunity directed against primary and sec-
ondary infections. 
Six to seven weeks following a SCI contusion at thoracic 
level T9, mice were infected intranasally with influenza 
virus. Virus-specific immunity was analyzed at various 
time points post-infection and compared to uninjured 
controls. 
We report that chronic thoracic SCI impairs the ability of 
the animals to mount an adequate antiviral immune re-
sponse. While all uninjured control mice cleared the virus 
from their lungs by day 10 post-infection, a significant 

number (approximately 70%) of chronic SCI mice did not 
clear the virus and succumbed to infection-induced mor-
tality. This was attributed to severe deficits in both virus-
specific antibody production and CD8+ T-cell response in 
injured mice after primary infection. We also determined 
that previously acquired humoral immunity was main-
tained after spinal cord injury as vaccination against Influ-
enza A prior to injury protected mice from a homologous 
viral challenge. In contrast, prior immunization did not 
protect mice from a heterotypic challenge with a different 
strain of influenza virus. 
Taken together our data demonstrate that chronic SCI 
attenuates virus-specific humoral and cellular immunity 
during the establishment of primary response and impairs 
the development of memory CD8+ T-cells. In contrast, B-
cell memory acquired through vaccination prior to SCI 
is preserved after injury which demonstrates that antigen-
specific memory cells are refractory following injury. 
Our study defines important parameters of the deficits of 
chronic SCI-induced immune depression during a viral re-
spiratory infection. Our objective is to better understand 
the mechanisms of spinal cord injury-induced immune 
depression with the goal of developing more effective 
therapies and reduce mortality due to complications from 
influenza and other infections.

Vaccines in neuroimmunology
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36 
Assessing the efficacy of a dna vaccine against 
amyloid-β in a down-syndrome mouse model 

Eitan Okun(1) - Tomer Illouz(2)

The Leslie And Susan Gonda Multidisciplinary Brain Research 
Center, The Mina And Everard Goodman Faculty Of Life 
Sciences, Bar-ilan University, Ramat Gan, Israel(1) - The Leslie 
And Susan Gonda Multidisciplinary Brain Research Center, 
Bar-ilan University, Ramat Gan, Israel(2)

Objectives: Alzheimer’s disease (AD) is a progressive 
incurable neurodegenerative disorder. To date, therapies 
suggested to be beneficial for AD, are clinically tested 
at an advanced age, after disease onset. Down syndrome 
(DS) patients exhibit AD-related behavioral and neuro-
pathological symptoms such as intraneural neurofibrillary 
tangles, extracellular neuritic plaques, amyloid angiopa-
thy and deposits of amyloid-beta (A beta) protein in senile 
plaques. In humans, DS is characterized by the Hsa-21 
trisomy, encompassing the APP gene resulting in elevated 
Aβ levels. Immunotherapies targeting Abeta are hypoth-
esized to delay the onset of AD. AbetaCoreS is a vaccine 
designed to elicit an anti-Abeta humoral immune response 
without invoking a cytotoxic immune responses, which 
might be hazardous to the brain tissue. 
Methods: We investigate the therapeutic effect of the 
AbetaCoreS vaccine by measuring neuropathological 
markers and cognitive integrity of Ts65Dn mice, a model 
for DS. 
Results: DNA vaccination using AbetaCoreS invoked a 
high antibody titer at a young as well as an old age. Com-
pared to non-vaccinated DS mice, vaccinated DS mice ex-
hibited better cognitive outcomes in 3 different cognitive 
tasks: the Barnes maze, T-maze alternation test and the 
novel object recognition test. 
Conclusions: These preliminary results suggest that a pre-
ventative immunotherapy against Abeta may provide a 
beneficial approach to delay AD in the general population, 
and reduce cognitive pathology in individuals with DS.

46 
The Immunogenicity of Amyloid Beta Oligomers 
and Role Along with Their Immune Complexes 
in Macrophage-Mediated Inflammation 

Indrė Dalgėdienė - Asta Lučiūnaitė - Aurelija Žvirblienė
Institute Of Biotechnology, Vilnius University, Vilnius, Lithuania

Keywords: Antibody, amyloid beta, virus protein, 

immune complex, macrophage
The central molecule in the pathogenesis of Alzheimer’s 
disease (AD) is believed to be a small-sized polypeptide 
– amyloid beta (Abeta) which has an ability to assemble 
spontaneously into oligomers (o.). Studies concerning 
therapeutic and prophylactic approaches for AD are based 
on the immunotherapy using antibodies (Ab) against 
Abeta which in some cases of clinical trials led to neu-
roinflammation. However, knowledge on the mechanisms 
of Abeta o. or other oligomeric proteins induced immune 
responses in macrophage-mediated inflammation is rather 
limited.
In the current study, using BALB/c mice we evaluated the 
dependence of immunogenicity of Abeta on the size of 
oligomeric particles and investigated by flow cytometry 
and ELISA how Abeta o. and virus oligomeric proteins 
(measles virus nucleocapsid protein, MeV N; WU poly-
omavirus major capsid protein, WUPyV VP1; human 
metapneumovirus nucleocapsid protein, hMPV N) and 
their immune complexes (IC) influence macrophage phe-
notype in vitro.
Results: The analysis of mouse serum antibodies revealed 
that 1-2 nm Abeta o. are highly immunogenic. In con-
trast, larger Abeta o. and monomers induced a weak IgG 
response in immunized mice. Epitope mapping of both 
monoclonal and polyclonal Ab demonstrated that the 
main immunodominant region of the Abeta o. is located at 
its amino-terminus, between amino acids 1 and 19.
The model systems for oligomeric Abeta and virus pro-
teins and their IC research were J774A.1 and BV2 cell 
lines, primary spleen cell culture from BALB/c line mice. 
The variations in the levels of cell markers – inflammatory 
macrophage M1 markers and anti-inflammatory macro-
phage M2 markers – were investigated by flow cytometry 
and ELISA. Our results showed generation of inflamma-
tory cell phenotype after treatment with Abeta o. and both 
inflammatory and anti-inflammatory phenotype after IC. 
In the case of WUPyV VP1 o. and their IC the inflam-
matory phenotype was detected. However, the activation 
signal was lower compared with Abeta oligomers.
Conclusions: Small Abeta o. induce the strongest immune 
response in mice. Activation of macrophages with oligo-
meric proteins and their IC can lead to the inflammatory 
phenotype. The results of the current research may be im-
portant for further development of Abeta-based vaccina-
tion and immunotherapy strategies.
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102 
Protective effects of a parasite-derived 68-mer 
peptide in a relapsing mouse model of multiple 
sclerosis 

Judith Greer(1) - Aakanksha Dixit(1) - Sheila Donnelly(2)

The University Of Queensland, Uq Centre For Clinical 
Research, Brisbane, Australia(1) - University Of Technology 
Sydney, The School Of Life Sciences, Sydney, Australia(2)

Helminths (parasitic worms) can exert protective effects 
on autoimmune diseases by modulating the type of im-
mune response, and deliberate infection is being explored 
as a potential therapeutic strategy for autoimmunity. 
However, the use of live helminths as therapeutic agents 
for autoimmune disease has a number of drawbacks, and 
it would be preferable to identify and use the immuno-
modulatory components of the helminths. Previously it 
has been shown that the immunomodulatory activity of 
the liver fluke Fasciola hepatica resides in its excretory-
secretory products (FhES), and further analysis of FhES 
has identified 3 major components: an 68 amino acid alpha 
helical cathelicidin-like peptide (FhHDM1), a cathepsin 
L-cysteine protease (FhCL1), and peroxiredoxin (FhPrx). 
In the current study, the ability of these three components 
to modify the course of a relapsing-remitting experimen-
tal autoimmune encephalomyelitis (EAE) model of mul-
tiple sclerosis (MS) was tested. FhHDM1 was the most 
effective, significantly reducing the overall severity of 
the disease and the number of relapses compared to mice 
treated with vehicle alone when administered either at the 
time of EAE induction, or after resolution of the first at-
tack of disease. The effects were long-lasting, with mice 
continuing to show benefits for up to 70 days following a 
single course of FhHDM1 treatment. Preliminary investi-
gation of the mechanism of action of FhHDM1 suggests 
that it is not affecting the adaptive arm of the immune 
response, but is exerting significant effects by modulation 
of innate pro-inflammatory immune responses. The data 
suggest that this parasite-derived peptide has potential as 
a novel treatment for patients with MS.

158 
Inverse vaccination with superior dominant 
peptide may eradicate multiple sclerosis via 
sequential induction of stabilized hybrid 
regulatory T cells with antigen specificity and 
tissue repair capacity 

Youwei Lin(1,2) - Chandirasegaran Massilamany(3) 

Jayagopala Reddy(3) - Takashi Yamamura(1)

Department of Immunology, National Institute of Neuroscience, 
National Center of Neurology and Psychiatry (NCNP), Tokyo, 
JAPAN(1) - Department of Neurology, National Center Hospital, 
NCNP, Tokyo, JAPAN(2) - School of Veterinary Medicine and 
Biomedical Sciences, University of Nebraska-Lincoln, Lincoln, 
USA(3)

Disease-modifying agents targeted to inflammatory 
molecules improve the therapeutic efficacy of some au-
toimmune diseases including multiple sclerosis (MS). 
However, these agents cannot completely inhibit disease 
activity nor fully suppress chronic progression in some 
individuals. Such discrepancies may be related to genetic 
and environmental heterogeneity, which are difficult to re-
flect in disease models. We previously observed that im-
munization with different peptides to induce experimental 
autoimmune encephalomyelitis (EAE), which generally 
exhibits a single, genetically determined clinical course, 
could reflect the heterogeneous features of MS, including 
monophasic, relapsing and progressing types in the same 
mouse strain. In fact, sensitization with the superior domi-
nant peptide itself could sustain the remission of mono-
phasic EAE by induction of the CD69+CD103+(DP)-
subset of CD4+CD25+ regulatory T cell (Treg) in SJL/L 
mice, which usually represents relapsing EAE. The DP-
subset of Treg was the most potent subset, and was found 
to harbor a series of hybrid signatures corresponding to 
pathogenic effector T cells which emerged sequentially 
in each phase of EAE, i.e. RORgt+ T cells in the acute 
phase, Tbet+ T cells in the relapse phase, Eomes+ T cells 
in the progressive phase. The DP-subset preferentially 
infiltrated in the central nervous system without loss of 
Foxp3 expression by retaining low IL-6R expression. Fur-
thermore, the DP-subset acquired high antigen specificity, 
facilitating stability via the maintenance of hybrid signa-
tures and the IL-6Rlow fraction. The antigen specificity 
and hybrid signatures of Treg were also detected in the 
CD69-CD103+ (103SP)-subset. Unlike the DP-subset, 
the 103SP-subset expressed high IL-6R and harbored the 
non-Treg fraction, which exhibited plasticity. TCR stim-
ulation without proper antigen could not sustain hybrid 
signatures and increased the non-Treg fraction, resulting 
in relapse and progression. For the superior dominant 
peptide, sensitization led to suppression of reactivity to 
other encephalitogenic peptides in a tissue-specific man-
ner, unlike tolerance induction, which inhibited in a pep-
tide-specific manner only. Such suppression was detected 
under non-EAE conditions and in EAE-affected mice, 
facilitating tissue repair. This mechanism of harnessing 
the immune system with the superior dominant peptide, 
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indicative for ‘immunological homunculus’, may have 
applications as alternative therapy for MS management.

377 
The impact of surgical stress, immune 
stimulation, and native immune cells on brain 
metastasis

Amit Benbenishty(1 ,2, 3) - Lee Shaashua(1) - Ariella 
Glasner(4) - Yosi Azan(1) - Shamgar Ben-Eliyahu(1, 3) 
Pablo Blinder(2, 3)

School of Psychological Sciences, Tel Aviv University, Tel Aviv, 
69978, Israel(1) - Neurobiology Dep., Tel Aviv University, Tel 
Aviv, 69978, Israel(2) - Sagol School of Neuroscience, Tel Aviv 
University, Tel Aviv, 69978, Israel(3) - The Lautenberg Centre 
for General and Tumor Immunology, The Hebrew University 
Hadassah, Jerusalem, 91120, Israel(4)

Surgical stress responses have been shown to promote 
metastasis in peripheral organs through their immune-
suppressive effects and through direct effects on the ma-
lignant tissue and host physiology. However, brain me-
tastases have not been studied in these respects, and the 
unique brain immune milieu, blood supply, and blood-
brain barrier, may react differently to such neuroendocrine 
challenges. Thus, we studied the effect of surgery and the 
consequent systemic stress response, immune-stimula-
tion, and the role of NK cells and resident microglia, in 
early and late stages of brain and peripheral metastasis. 
Tumor cells were injected using a novel intra-carotid in-
oculation approach we have developed, which generates 
metastases with minimal interferences to brain blood flow 
and better targeting to the brain. Employing this inocula-
tion approach in C57BL/J6 mice, we studied the effects of 
surgery on tumor retention and growth, as measured us-
ing radioactive-labeled cells and bioluminescent imaging. 
Various pharmacological agents were used to study the 
effects of systemic neuroendocrine factors secreted under 
physiological stress, including corticosterone, adrenaline, 
and prostaglandin. Next, we studied the effects of im-
mune stimulation, using CpG-C – a TLR-9 agonist having 
minimal adverse effects in humans. To study the role of 
NK cells and resident microglia in vivo, we specifically 
depleted these cells, followed the various steps of the 
metastatic process in CX3CR1-GFP mice using awake 
two-photon imaging, and analyzed the effects of immune-
stimulation and the interaction between microglia and 
tumor cells in the brain. Complementary primary culture 
assays were used to further study the interaction between 
microglia and tumor cells. Our findings indicate that sur-

gical stress results in elevation in metastases in the periph-
ery and in the brain, while this phenomenon is mediated 
by systemic secretion of endocrinal factors in the periph-
ery but not in the brain. Furthermore, CpG-C results in a 
profound decrease in metastases in both the periphery and 
brain. Interestingly, metastasis progression and the effects 
of immune-stimulation were mediated by NK cells in the 
periphery, while in the brain, microglia, but not NK cells, 
were found to play a key role. Our work implies surgery 
is a significant risk factor for brain metastases and that 
microglia cells are potential targets for immune-therapy, 
which may be used prophylactically in cancer patients.

350 
Assessing the efficacy of a DNA vaccine against 
Amyloid-beta in a Down-syndrome mouse model

Tomer Illouz - Eitan Okun
Bar-ilan University, The Leslie And Susan Gonda 
Multidisciplinary Brain Research Center, Ramat Gan, Israel 

Objectives:
Alzheimer’s disease (AD) is a progressive incurable neu-
rodegenerative disorder. To date, therapies suggested to 
be beneficial for AD, are clinically tested at an advanced 
age, after disease onset. Down syndrome (DS) patients 
exhibit AD-related behavioral and neuropathological 
symptoms such as intraneural neurofibrillary tangles, ex-
tracellular neuritic plaques, amyloid angiopathy and de-
posits of amyloid-beta (A beta) protein in senile plaques. 
In humans, DS is characterized by the Hsa-21 trisomy, 
encompassing the APP gene resulting in elevated Aβ lev-
els. Immunotherapies targeting Abeta are hypothesized to 
delay the onset of AD. AbetaCoreS is a vaccine designed 
to elicit an anti-Abeta humoral immune response without 
invoking a cytotoxic immune responses, which might be 
hazardous to the brain tissue. 
Methods:
We investigate the therapeutic effect of the AbetaCoreS 
vaccine by measuring neuropathological markers and 
cognitive integrity of Ts65Dn mice, a model for DS. 
Results: 
DNA vaccination using AbetaCoreS invoked a high anti-
body titer at a young as well as an old age. Compared to 
non-vaccinated DS mice, vaccinated DS mice exhibited 
better cognitive outcomes in 3 different cognitive tasks: 
the Barnes maze, T-maze alternation test and the novel 
object recognition test. 
Conclusions: 
These preliminary results suggest that a preventative im-
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munotherapy against Abeta may provide a beneficial ap-
proach to delay AD in the general population, and reduce 
cognitive pathology in individuals with DS.


