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P001

Regulator of Oligodendrocyte Maturation, Mir-219, a Poten-
tial Biomarker for MS

Dr. Ilona B Bruinsma, PhD!, Dr. Marie van Dijk, PhD?, Mr.
Timothy van de Lisdonk3, Ms. Sanne Haverkort?, Dr. Tessel
Runia, MD PhD#, Dr. Lawrence Steinman, MD>, Prof. Rogier
Hintzen, MD PhDS¢, Dr. Joep Killestein, MD PhD?2, Dr. Marcel
Verbeek!, Dr. Charlotte Teunissen? and Dr. Brigit A de Jong, Md
PhD?

'Radboud University Medical Center, Nijmegen, Netherlands,
2VU University Medical Center, Amsterdam, Netherlands,
3Radboud University Medical Center, Nijmegen, Netherlands,
46Erasmus University, Medical Center, Rotterdam, Netherlands,
3Stanford University, Palo Alto, CA

Background: Multiple sclerosis (MS) is a demyelinating and
degenerative disease of the central nervous system. Normally,
demyelination is followed by remyelination, which requires
repopulation of a demyelinated area by oligodendrocyte precursor
cells. Although large numbers of precursor cells are present in MS
lesions, remyelination often fails, in part by the inability of pre-
cursor cells to differentiate into mature myelin-forming cells. In
mouse and rat, miR-219 is required for this differentiation.
Previously, we identified decreased miR-219 expression in brain
tissue of MS patients compared to controls. Cell-free miRNAs
have been detected in many different bodyfluids including cere-
brospinal fluid (CSF), and may reflect disease processes going on
in the central nervous system. This prompted us to investigate the
biomarker performance of CSF miR-219 for MS diagnosis.
Objectives: To assess the biomarker performance of CSF miR-
219 for MS diagnosis

Methods: Quantitative PCR was performed measuring miR-219
levels in CSF of MS patients and controls in three independent
cohorts (cohort 1: n=24; cohort 2: n=115; cohort 3: n=46). Using
cross tabulation, the incidence of MS and/or Clinically Isolated
Syndrome (CIS) patients with undetectable miR-219 expression
was compared with that in controls by calculating odds ratios
(OR) with 95% confidence intervals (Cls) and its p-value (two-
tailed Fisher Exact test).

Results: All three cohorts of MS patients and controls revealed
that the absence of miR-219 detection in CSF is consistently asso-
ciated with MS. In the first cohort the OR for a diagnosis of pro-
gressive MS versus a control was 20.8 (p=0.03) times higher if
CSF miR-219 was undetectable. We next sought to validate these
findings in a larger, independent second cohort of MS patients
versus controls. In this cohort the OR for a diagnosis of MS or CIS
versus controls was 2.6 (p=0.03) times higher if CSF miR-219
was undetectable, and the OR for a diagnosis of progressive MS
versus non-MS was 3.6 (p=0.02) times higher if CSF miR-219
was undetectable. In the third cohort the OR for a diagnosis of MS
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versus controls was 39.7 (p=0.0002) times higher if CSF miR-219
was undetectable

Conclusion: We have been able to identify and validate absence
of miR-219 detection in CSF of MS patients compared to con-
trols, suggesting that it may emerge as a candidate biomarker for
MS diagnosis.

P002

Can Treg Migratory Signature Predict MS Disease Progres-
sion?

Dr. Stephanie EJ Zandee, PhD!, Ms. Lucie Pepino?, Ms. Camille
Grasmuck!, Dr. Evelyn Peelen, PhD!, Dr. Tessa Dhaeze, PhD!,
Dr. Alexandra Muccilli3, Dr. Xavier Ayrignac, MD#, Mr. Marc
Charabati, BSc!, Mrs. Lyne Bourbonniére! and Dr. Alexandre
Prat, MD, PhD!5:¢

1.2Centre de Recherche du Centre Hospitalier de [’Université
de Montréal, Montréal, QC, Canada, 3*°Clinique de Sclerose
en Plaques, Centre Hospitalier de I’Universite de Montreal,
Montreal, QC, Canada, >*CHUM-Universite de Montreal,
Montreal, QC, Canada

Background: Multiple Sclerosis (MS) is thought to be provoked
by pathogenic T effector cells (Teff) migrating into the central
nervous system (CNS). Upon reactivation by antigen presenting
cells (APC) they cause damage to the myelin sheet, as well as
orchestrating an immune response against myelin. Regulatory T
cells (Treg) are one of the key components of immune tolerance,
protecting against autoimmune disease. In MS patients Treg pres-
ence and function within the CNS has been a matter of debate.
Previous work demonstrated that Treg are present in a subset of
patients and are capable of producing anti-inflammatory IL-10,
thus leaving open the possibility Treg might be functional.
Currently, relatively little is known about how Treg enter the
CNS, ie which cellular adhesion molecules (CAMs) and/or
chemokine receptors are involved.

Objectives: Unravel the mechanisms by which Treg cross the
BBB into CNS and investigate whether this Treg migratory signa-
ture can predict disease progression (ie are Treg less capable of
migrating when the disease progresses? Do patients with fewer
active relapses have Treg with a migratory signature resembling
healthy individuals?). To this extent various markers for Treg
functionality, CAMs and chemokine receptors were studied with
flow cytometry and correlated with patient data (retrospective and
prospective clinical parameters reflective of MS disease course
e.g. EDSS, lesion load, annual relapse rate, responsiveness to
therapy).

Methods: The expression of cellular adhesion molecules LFA-1,
VLA-4, ALCAM, CD6, MadCAM, MCAM, integrin alpha 8§,
DICAM, P-selectin, L-selectin and avf3 has been studied on Treg
present in the peripheral blood and CSF of MS patients (RRMS,
CIS, SPMS, PPMS) using FACS. Using the same methods, the
expression of chemokine receptors CCR2, CCR3, CCRS, CCR6,
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CXCR4 and CX3CR1 and Treg functional markers ST2L, PSGL-
1, CD147 have been investigated. Subsequently these data have
been correlated with patient data

Results: Preliminary data shows that VLA-4, MCAM, CD6,
ST2L, CD147, PSGL-1, CCR3, CCR6, CXCR4 and CX3CR1 are
differentially regulated in MS patients compared to healthy con-
trol individuals. Further results of ongoing analysis will be pre-
sented at the meeting.

Conclusion: The migratory signature of Treg is different in MS
patients compared to healthy individuals, which may have an
effect on dampening down the ongoing immune response in
lesions.

P003

Exploring the Relationship between Endothelin-1 and
Peripheral Inflammation in Multiple Sclerosis

Dr. Natalia P Rocha, PhD!, Dr. Gabriela D Colpo, PhD!, Dr.
Javiera Bravo-Alegria?, Dr. John Lincoln, MD, PhD!, Prof. Jerry
S Wolinsky, MD!, Dr. John W Lindsey, MD!, Dr. Antonio L
Teixeira, MD, PhD! and Dr. Leorah Freeman, MD, PhD!
IMcGovern Medical School, UTHealth, Houston, TX, 2University
of Texas MD Anderson Cancer Center, Houston, TX

Background: There is a pressing need to identify biomarkers that
might unlink neuroinflammatory and neurodegenerative path-
ways to better understand and prevent disability progression in
people with MS. Endothelin-1 (ET-1) is a potent vasoconstrictor
thought to contribute to cerebral hypoperfusion and tissue damage
in MS. Its link with the neuroinflammatory process remains
poorly investigated.

Objectives: To determine the amplitude of plasma ET-1 changes
in people with MS, and the relationship between ET-1 and periph-
eral immune mediator levels.

Methods: This study included 35 patients with MS and 35 sex-
and age-matched controls. None of the patients were on disease-
modifying therapy at time of the study, and all were free from
steroids for at least 4 weeks. ET-1 levels were measured by
enzyme-linked immunosorbent assay (ELISA), and multiple
cytokines [interleukin (IL)-1beta, IL-2, IL-4, IL-5, IL-6, IL-10,
IL-12(p70), IL-13, interferon (IFN)-y and tumor necrosis factor
(TNF)-a] were simultaneously measured by Multiplex assay in
plasma samples.

Results: ET-1 levels were significantly increased in MS patients
compared to controls [(1.64+0.43) and (1.44+0.34) pg/mL,
respectively; p=0.034]. We found no significant difference in
cytokine levels, but a significant increase in IFN-y/IL-4 ratio was
observed in patients with MS in comparison with controls
(p=0.009) suggestive of Thl skewed response. Binary logistic
regression was performed to ascertain the effects of age, sex, ET-1
and cytokines levels on the likelihood of MS diagnosis. In the
final model, ET-1 (OR=3.908), IL-4 (OR=0.735), and IFN-y
(OR=1.037) levels remained as predictors of MS (model area
under the curve= 0.702). There was no significant correlation
between ET-1 and cytokines levels.

Conclusion: Patients with MS presented increased levels of ET-1
and an immune response biased towards a Thl profile. Although
both ET-1 and Thl cytokine profile were associated with MS
diagnosis, ET-1 levels were not associated with peripheral immune
markers, suggesting that these changes may occur independently.
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P004

Aging Influences MS Immune Profile

Ms. Marie-Laure Clénet!, Ms. Héléne Jamann!, Mr. Marc
Charabati, BSc!, Ms. Ana Carmena Moratalla!, Dr. Alexandra
Mugccilli?, Ms. Audrey Daigneault, MSc!, Mrs. Diane
Beauseigle!, Dr. Pierre Duquette, MD, FRCPC3, Dr. Nathalie
Arbour! and Dr. Catherine Larochelle, MD PhD!3

!Centre de Recherche du Centre Hospitalier de I’Université
de Montréal, Montréal, QC, Canada, >Clinique de Sclerose
en Plaques, Centre Hospitalier de |’Universite de Montreal,
Montreal, QC, Canada, 3Clinique de Sclerose en Plaques,
Centre Hospitalier de I’Université de Montréal- |’ Hopital Notre-
Dame, Montréal, QC, Canada

Background: Biological aging is associated with alterations of
the immune profile called immunosenescence. Repeated antigen
encounter accelerates this process, and as such recent studies have
hinted to accelerated immunosenescence in Multiple Sclerosis
(MS). Age is the strongest predictive factor for onset of progres-
sion in MS; we therefore hypothesize that age-sensitive immune
markers could represent relevant biomarkers for progression in
MS.

Objectives: To compare the expression of age-sensitive immune
markers in the peripheral blood of MS subjects and of age and
sex-matched healthy controls.

Methods: We have measured by flow cytometry the proportion of
T cells, B cells, NK cells and monocytes expressing CD27, CD28,
CD57 and CD70 in the peripheral blood of 80 MS patients and 50
healthy controls between 20 and 75 years old. We have assessed
levels of IL-10, IL-18, TNF, leptin and BDNF in their sera. Results
are correlated with age, disease duration, EDSS, and relapses.
Results: Preliminary results show that the CD4:CDS8 ratio is higher
in MS than in age/sex matched HC and this difference is accentu-
ated upon aging in untreated MS. TNF levels show a more impor-
tant positive correlation with age than disease duration in MS
subjects. IL-18 levels increase with aging in HC but even more so
in MS subjects. Leptin levels are higher in women than men and in
MS than HC, at all ages. BDNF levels decrease upon aging in
active/progressive MS patients but not in benign MS. Globally,
results from MS subjects treated with first-line injectables suggest
an immune profile closer to HC donors than to untreated patients.
Conclusion: Alterations of the peripheral immune profile associ-
ated with aging are more pronounced in MS than in HC donors.

P005

Measurement of Insulin-like Growth Factor (IGF)-1 and
IGF-Binding Protein 3 in Pediatric Multiple Sclerosis
Patients

Dr. Grace Y Gombolay, MD!, Ms. Shrishti Saxena, Msc!, Dr.
Kiandokht Keyhanian, MD!, Ms. Cindy T Gonzalez, MPH!, Dr.
Madhusmita Misra, MD, MPH? and Dr. Tanuja Chitnis, MD3
!Brigham and Women'’s Hospital, Harvard Medical School,
Boston, MA, >3Massachusetts General Hospital and Harvard
Medical School, Boston, MA

Background: Obesity is a risk factor for pediatric-onset MS
(POMS). Adipose tissue secrete and regulate hormones, includ-
ing leptin and adiponectin, that have pro-inflammatory or anti-
inflammatory properties. Adipose tissue is affected by the growth
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hormone signaling axis, including insulin-like growth factor
(IGF1), the primary mediator of growth hormone, and IGF bind-
ing protein 3 (IGFBP3). IGFBP3 mediates cell signaling through
direct binding and inhibition of IGF1 in a 1:1 fashion, but can
also act independently of IGF1, including inhibition of adipocyte
maturation. Moreover, 1,25-dihydroxyvitamin D upregulates
IGFBP3. In adults with MS, increased IGFBP3 and decreased
IGF1/IGFBP3 ratio has been shown in MS compared to healthy
controls and increased IGFBP3 has been correlated with increased
disability in primary progressive MS. However, another study
reports decreased IGFBP3 levels in adult MS patients.
Objectives: Here we assess IGF1 and IGFBP3 levels in pediatric
MS patients and healthy controls.

Methods: Serum was obtained from both male and female
patients and healthy controls enrolled in a biomarker study at the
Partners Pediatric MS Center at Massachusetts General Hospital.
Pediatric MS patients are defined by the criteria as defined by the
International Pediatric MS Study Group. Levels of IGF1, IGFBP3,
25-hydroxyvitamin D, 1,25-dihydroxyvitamin D, leptin and adi-
ponectin were measured using ELISA kits. Linear regression was
used.

Results: 41 MS patients (29 female, 12 male) and 58 healthy con-
trols (45 female, 13 male) were analyzed. Age range was from
6-18 years old. There was no statistical significance in the levels
of IGF1 or IGFBP3 between the two groups including when con-
trolling for age, BMI, vitamin D, leptin, and adiponectin.
Conclusion: This is the first study of IGF1 and IGFBP3 in pedi-
atric MS. Further studies are required in assessing the significance
of IGF1 and IGFBP3 and relationship to MS.

P006

CNS Penetration of Dimethyl Fumarate and Its Effect on
CSF Biomarkers in Secondary Progressive Multiple Sclero-
sis: A Pharmacokinetic/Biomarker Study

Dr. Keith R Edwards, MD!, Ms. Jessica Siuta, BSMT ASCP!,
Ms. Judy Button!, Dr. Bing Zhu, MD, PhD?, Dr. Tatiana Plavina,
PhD?2, Dr. Jason P. Mendoza, PhD? and Dr. Natalia Penner, PhD?
!Multiple Sclerosis Center of Northeastern New York, Latham,
NY, 2Biogen, Cambridge, MA

Background: The mechanism of action of dimethyl fumarate
(DMF), an approved treatment for relapsing multiple sclerosis
(MS), appears to be mediated through activation of the nuclear
factor (erythroid derived 2)-related factor 2 (Nrf2) and hydroxy-
carboxylic acid receptor 2 (HCAR2). Nonclinical studies have
shown DMF to have both cytoprotective and anti-inflammatory
effects. Cerebrospinal fluid (CSF) levels of DMF or its active
metabolite, monomethyl fumarate (MMF), in humans have not
been evaluated and no data are available on the effect of DMF
treatment on neuronal and glial CSF biomarkers in humans.
Objectives: To investigate the pharmacokinetics of MMF in
plasma and CSF, and to explore the effect of DMF on neuronal
and glial biomarkers in subjects with secondary progressive MS
(SPMS).

Methods: Sixteen SPMS patients were treated with oral DMF
120 mg BID for 4 weeks, followed by 240 mg BID for 24 weeks.
During Week 6 (the second week on DMF 240 mg), plasma sam-
ples were collected before the morning dose and then at 2, 3, 5, 6,
7, 8 and 10 hours post morning dose. In addition, CSF samples
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were collected at 3, 5, or 7 hours post-dose (4 patients at each time
point), or at 10 hours post-dose (3 patients). MMF concentrations
in plasma and CSF samples were determined by liquid chroma-
tography and mass spectrometry. CSF levels of neurofilament
light (NfL), tau, glial fibrillary acidic protein (GFAP) and ubiqui-
tin carboxyl-terminal hydrolase isozyme L1 (UCH-L1) were
measured by the Single Molecule Array (SIMOA) assay at base-
line, week 6 and week 28.

Results: At baseline, patients had a mean EDSS of 4.4, a disease
duration of 22.5 years, and no Gd+ lesions. The mean maximum
plasma concentrations (Cmax) was 1750 ng/mL, and the mean
time to maximum concentration (Tmax) was 4.6 hours. The high-
est CSF level of MMF was at 7 hours post-dose, with maximal
concentration of 39-79 ng/mL. The mean CSF-to-plasma ratio for
MMF was ~11%. Baseline CSF NfL levels in SPMS patients were
5724296 pg/mL. Mean EDSS decreased to 3.4, reflecting clinical
improvement in 9 of 13 patients. NfL remained stable over the
course of DMF treatment to week 28 (569316 pg/mL), except for
an increase in one patient with disease exacerbation at week 18.
Conclusion: MMF readily penetrates the CNS as measured by
CSF levels. CSF NfL was stable except for an increase in one
patient upon disease exacerbation, consistent with the proposed
value of NfL as a marker of MS disease activity and treatment
monitoring.

P007

Identifying a Role for Factor VIII and Vwf in Multiple Scle-
rosis and EAE Relapses

Dr. Dolly B Roy, MD, PhD!, Dr. Kaibin Shi, MD, PhD? and Dr.
Fu-Dong Shi, MD, PhD?

!Northridge Hospital Medical Center, Northridge, CA, *Barrow
Neurological Institute, phoenix, AZ

Background: The pathogenic basis for what initiates and propa-
gates an acute relapse in multiple sclerosis (MS) and its animal
model experimental allergic encephalomyelitis (EAE)has been
well-studied but remains incompletely understood. Theimmune
system and the coagulation system can interact with each other in
multiple conditions, including multiple sclerosis. Anecdotal clini-
cal observations suggested that some MS patients have transiently
elevated von Willebrand factor (vWf{) levels and Factor VIII activ-
ity levels during an acute relapse.

Objectives: In this series of experiments, based on clinical obser-
vations, the levels of vWF, Factor VIII as well as Factor VIII
activity were measured systematically for the first time in two
EAE models and correlated with disease course.

Methods: Deidentified patient data was evaluated over individual
MS relapse courses and clinical scenarios. Based on these find-
ings, large scale EAE experiments were conducted with two mod-
els of EAE, and EAE clinical score was correlated with blood
levels of vWF, Factor VIII activity, and Factor VIII antigen levels
using spectrophotometric methods.

Results: EAE studies confirmed clinical observations and show a
characteristic and transient rise in vW{, Factor VIII antigen, and
Factor VIII activity blood levels coincident with relapse onset and
peak disease. Additionally, the plasma FVIII level was directly
associated with the disease severity of mice in both models.
Steroid treatment at disease onset does not immediately impact
these values.
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Conclusion: Our observations and experiments identify potential
measurable blood test biomarkers to characterize MS and EAE
relapses. The functional roles of VWF and Factor VIII in MS
remain to be determined, but lends further support to the growing
involvement of the coagulation cascade in the pathogenesis of
multiple sclerosis.

P008

Investigating Immune Phenotype Biomarker Changes in
Patients with Relapsing MS Treated with Fingolimod 0.5 Mg/
Day: The Fluent Study

Dr. Jeffrey A. Cohen, MD!, Prof. Amit Bar-Or, MDZ2, Dr. Bruce
AC Cree, MD, PhD, MAS?, Dr. Yang Mao-Draayer, MD, PhD*,
Dr. May H Han, M.D.%, Dr. Barry A Singer, MD?, Dr. Ann
Jannu’, Dr. Scott Kolodny’, Dr. Xiangyi Meng” and Dr. Ryan
Winger’

ICleveland Clinic, Cleveland, OH, ?Perelman School for
Advanced Medicine, University of Pennsylvania, Philadelphia,
PA, 3UCSF Weill Institute for Neurosciences, San Francisco,
CA, YUniversity of Michigan, Ann Arbor, MI, >Stanford
University, Stanford, CA, °MS Center for Innovations in Care,
Missouri Baptist Medical Center, St. Louis, MO, "Novartis
Pharmaceuticals Corporation, East Hanover, NJ

Background: Lymphopenia and rare instances of progressive
multifocal leukoencephalopathy (PML), an opportunistic infec-
tion caused by JC virus (JCV), have been reported in patients with
relapsing MS (RMS) on long-term therapies such as fingolimod.
Relationships between fingolimod and immune cell profile
changes, and the significance of anti-JCV antibody levels associ-
ated with PML risk are currently unknown.

Objectives: FLUENT, a 12 month, prospective, multicenter, non-
randomized, open-label study in adult patients with RMS receiv-
ing fingolimod 0.5 mg/day, will investigate changes in immune
phenotype biomarkers in patients who are fingolimod-naive
(Cohort 1) or previously treated with fingolimod continuously for
>2 years (Cohort 2).

Methods: Two hundred patients will be enrolled into each cohort to
receive fingolimod for 12 months after a 4 week screening period.
Inclusion and exclusion criteria are reflective of routine clinical
practice. Primary variables are: change from baseline to Month 6 in
CD4+ and CD8+ naive, central and effector memory T cells; CD4+
T helper (Th)1, Th2 and Th17 cells; CD19+ naive, memory and
regulatory B cells; CD14+ monocytes; CD16+ neutrophils; and
CD56+ natural killer cells. Secondary variables include change
from baseline to Months 3 and 12 in immune cell subtypes, patients’
anti-JCV antibody status, and change from baseline in the anti-JCV
antibody index at Months 3, 6 and 12. Change in serum neurofila-
ment levels from baseline to Months 3, 6 and 12 is an exploratory
variable. Descriptive statistics will be provided with 95% confi-
dence intervals calculated for mean values. Two hundred patients in
Cohort 1 will detect a 0.30 effect size with 89% power at 0.05 sig-
nificance. For both cohorts, this effect size will yield estimates
within 0.14 of the standard deviation of the variables. In addition,
the frequency of adverse events will be assessed.

Results: A planned interim analysis will be performed when 50%
of the patients in Cohort 2 have reached 6-month follow-up.
Primary analysis will be conducted when all patients in each
cohort have reached their 6-month follow-up.
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Conclusion: FLUENT will be the first study to investigate tempo-
ral changes in immune cell subtypes, as well as the relationship
between the risk of PML development and anti-JCV antibody
changes in patients receiving short- and long-term therapy with
fingolimod 0.5 mg/day. Screening for these immune phenotype
biomarkers may become common practice in patients with RMS.
Study sponsored by Novartis.

P009

Therapeutic Targets: Mirnas Possibly Contributing to Cogni-
tive Impairment in Multiple Sclerosis

Dr. Aditi V Varma, M.D.!, Dr. Deidre Devier, Ph.D.23, Dr.
Walter J Lukiw, BS, MS, PhD24> Dr. Yuhai Zhao, PhD¢ and Dr.
Jesus F Lovera, MD MsPH-$

!Louisiana State University Health Sciences Center New
Orleans School of Medicine, New Orleans, LA, ?Louisiana

State University Health Sciences Center —New Orleans School
of Medicine, Department of Neurology, New Orleans, LA,
3Louisiana State University Health Sciences Center — Cell
Biology and Anatomy, New Orleans, LA, *Louisiana State
University Health Sciences Center —Department of Neuroscience
and Ophthalmology, New Orleans, LA, SBollinger Professor of
Alzheimer’s disease (AD), New Orleans, LA, ®Louisiana State
University Health Sciences Center-New Orleans, Neuroscience
Center, Department of Cell Biology and Anatomy, New Orleans,
LA, "Louisiana State University Health Sciences Center-New
Orleans, School of Medicine, Department of Neurology, New
Orleans, LA, SLSU Multiple Sclerosis Clinic, New Orleans, LA

Background: Cognitive impairment (CI) is a frequent complica-
tion affecting people with multiple sclerosis (MS). Besides MRI
measures, few other biomarkers exist to help predict the develop-
ment of CI and understand its biology. MiRNAs are relatively sta-
ble non-coding RNA molecules about 22 nucleotides in length
that have been widely used as biomarkers and possible therapeutic
targets.

Objectives: 1) identify miRNAs that are abnormally expressed in
dementias that overlap with dysregulated miRNAs in MS, 2)
Annotate the proteins and pathways targeted by the identified dys-
regulated miRNAs.

Methods: 1) From prior MS studies, we identified dysregulated
miRNAs, 2) From prior subcortical and cortical dementia studies,
we identified dysregulated miRNAs that overlap with dysregu-
lated miRNAs in MS.

Results: From our literature review, we identified several shared
miRNAs between MS and dementias. MiRNAs that possibly
preserve cognition: miR-23a, miR-214, miR-219 and miR-22.
These miRNAs increase expression of neuroprotective proteins
such as Sirtuin-1 (SIRT 1) which participate in neurogenesis,
neuronal repair, and proteins involved in memory such as (tail-
less) TLX receptors. They also decrease expression of pro-apop-
totic proteins and those responsible for mitochondrial
fragmentation. MiRNAs that possibly accelerate cognitive
impairment: miR-15, miR-128, miR-572, miR-181, miR-155,
miR-138, miR-142, let-7 and miR-21. These miRNAs decrease
proteins involved in re-myelination, synaptic plasticity, and those
involved in memory such as cAMP response element-binding
protein (creb). They also increase the expression of proteins that
promote glutamate toxicity, astrocyte excitotoxicity and amyloid
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formation. Eight miRNAs, namely miR-124, miR-29, miR-223,
miR-146a, miR-34a, miR-9, miR-191 and miR-132 have mixed
roles, coding for both neuroprotective and neurodegenerative
proteins.

Conclusion: The dysregulated miRNAs identified in MS that
overlap with those in dementias are involved in pathways related
to apoptosis, neuroinflammation, glutamate toxicity, astrocyte
activation, microglial burst activity, synaptic dysfunction, remy-
elination delay and amyloid formation, mechanisms of action that
could be relevant to cognitive impairment in MS. With emerging
therapies influencing miRNA expression, miRNAs can prove as
pharmaceutical targets when determining treatment for MS
patients with cognitive impairment.

P010

Biomarkes for Diagnosis and Prognosis in Multiple Sclerosis
Dr. Panayiota Petrou, MD, Dr. Nour Yagmour and Prof.
Dimitrios Karussis, MD, PhD

Hadassah University Hospital, Jerusalem, Israel

Background: Multiple Sclerosis clinical course varies greatly,
reflecting complexity in pathophysiology. Different mecha-
nisms combine together in various degrees to create a unique
clinical result for each patient. Distinguishing reliable biomark-
ers for every independent MS pathogenic factor is of primary
importance.

Objectives: To evaluate the possible correlation of the presence in
the serum and/or CSF of Tau protein, CXCL 13 and Neurofilaments,
with the risk of developing Clinically Definite MS, following an
initial clinically isolated syndrome CIS

Methods: 29 patients with CIS from our MS Centre were included
in a prospective study in addition to 23 controls and followed up
for 1-5 years. The primary end point of the study was the conver-
sion from CIS to CDMS. We compared the percentage of patients
who were positive for 1 or more of the suggested biomarkers in
their sera/CSF who developed CDMS after 1-5 years of follow up,
with the percentage of those who were negative for the same bio-
markers. A secondary end point was to establish a quantitative
correlation between the levels of the biomarkers in the serum and/
or CSF and the probability of conversion to CDMS.

Results: During the follow up period, 20 patients were finally
diagnosed with CDMS and 9 patients remained as CIS with simi-
lar gender distribution between the two groups. A significant dif-
ference between the values of CXCL13 and neurofilaments in the
sera of patients who converted to CDMS as compared to patients
who remained CIS throughout the study period. 75% of patients
and 70% of patients who were diagnosed as CDMS tested positive
for CXCL13 or NFL in their serum vs only 1 out of 9 (for either
CXCL13 or NFL) who remained as CIS. Double positivity was
found to have a strong negative predictive value as zero percent of
the CIS patients were double positive, and 10 out of 20 CDMS
patients (50%) were found to be positive for both CXCL13 and
NFL. The values in the CSF were insignificant which could be
attributed to the long period of preservation of the CSF or could
signify the need of more sensitive methods for their measurement.
Tau levels were not significant neither in the CSF nor in the sera
of the tested population

Conclusion: CXCL13 and neurofilaments in the serum of patients
with CIS, may represent significant predictive biomarkers for
conversion to CDMS.
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Ethnics and Nutritional Effect on MS

Dr. Ayelet Armon-Omer, pHd and Dr. Radi Shahien, MD
Ziv Medical Center, Safed, Israel

Background: Multiple sclerosis (MS) is multifactorial disease of
the central nervous system in young adults. MS etiology is
unknown; however, it probably results from an interplay between
unidentified genetic and environmental factors. Nutrition might be
a modifiable environmental factor involved in the course of MS,
however, the role of nutrition in MS pathology remains unclear.
Epidemiologic studies have demonstrated variation in MS suscep-
tibility between different populations. Therefore, ethnicity may
affect MS frequency among people living in the same area.
Objectives: We hypothesize that there is a connection between
nutrition, oxidative stress, and the clinical state of MS patients. The
aim of this work was, therefore, to study the relationship between
nutrition, oxidative stress, and the clinical status in both Jewish and
Arab MS patients. Comparison between the study groups may pro-
vide a laboratory basis for nutritional intervention.

Methods: We examined 100 Israeli Jewish and Arab volunteers.
After signing an informed consent and filling the dietary question-
naire, blood was taken from all volunteers and was separated to
serum, RBC, platelets, and lymphocytes. We conducted some
tests to measure antioxidant capacity and quantification of the per-
cent of intracellular reactive oxygen species. Additionally, we
quantified an array of fatty acids from RBCs, and compared nutri-
tional values obtained from blood tests.

Results: We found differences in nutritional parameters and hab-
its between ethnic groups (Jews vs. Arabs), between MS and
healthy groups, and between mild and severe MS patients. Low
levels of total antioxidant capacity and higher ROS percentage
was measured in severe MS patients versus healthy controls and
mild MS patients. The questionnaire data indicated a significant
difference between the groups on their average daily consumption
of 18 different compounds.

Conclusion: We found a variety of nutritional factors related to
MS severity, and ethnicity. Perhaps, a larger study group is needed
to test yield more intense results, however the initial findings here
point to specific directions to be considered for future research.

P012

Interleukin 1 Receptor Antagonist and 2°-5’-Oligoadenylate
Synthetase-like Molecules As Novel Biomarkers for Multiple
Sclerosis Patients in Bahrain

Prof. Moiz Bakhiet, MD, PhD!, Dr. Moudi Al-Nashmi, PhD!,
Dr. Safa Taha, PhD'! and Dr. Isa Alsharoqi, MD?

!Arabian Gulf University, Manama, Bahrain, 2Salmaniya
Medical Complex, Manama, Bahrain

Background: Multiple sclerosis (MS) is a multi-factorial disease
of the Central Nervous System (CNS) affecting young adults lead-
ing to significant disabilities over time. MS is now believed to be
prevalent in Arabian Gulf area with high incidence due to environ-
mental factors and unknown genetic variations.

Objectives: The objectives of this study was to detect up-regu-
lated potential genes that might be involved in neuroinflammatory
process in MS patients in Bahrain and to measure the protein lev-
els of the expressed genes.
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Methods: A microarray was used to investigate mRNA expres-
sion from 12 MS patients and 12 control subjects in Bahrain
where the mRNA came from peripheral blood leukocytes. Also,
80 MS patients and 80 control subjects were analyzed to measure
serum protein levels of the expressed genes by ELISA.

Results: The data showed 15,480 genes expressed from over
47,000 transcripts and variants. Only 5 genes were significantly
up-regulated in MS patients vs control subjects; namely TNF-
AIP6, IL-1RA, OASL, CLC and DOCK4 (p<0.05). Conversely,
KIAAO0125 gene was significantly down-regulated (p<0.0003).
Analysis of the effector molecules of the up-regulated genes
revealed that 83 MS patients had positive serum level of OASL,
87 MS patients had positive serum levels of IL-1RA, and none of
the 88 MS patients showed detectable serum levels of TNF-AIP6,
CLC or DOCKA4.

Conclusion: OASL and IL-1RA genes were strongly expressed in
MS patients and that their effector molecules may be considered
as biomarkers associated with the inflammatory process of the
disease and possibly treatment response.

P013

Primary Progressive Multiple Sclerosis with Negative Oligo-
clonal Bands: Case Report

Dr. Luis José Fernandez Yépez, Resident Neurology, Mrs. Ofelia
Margarita Escorcia Barceld, Residente Neurology and Prof.
Edgard Eliud Castillo Tamara

University of Sinu, Cartagena. Colombian., Cartagena,
Colombia

Background: Multiple sclerosis (MS) is a chronic inflammatory
disease ofthe CNS that leads to focal plaques of primary demyeli-
nation and diff use neurodegeneration in the grey and white matter
of the brain and spinal cord. Patients with primary progressive
disease (PPMS) miss the relapsing and remitting stage and start
with uninterrupted progression from disease onset. PPMS affects
only 10-15% of the MS population and is associated with a rapid
disease progression. Cerebrospinal fluid (CSF) electrophoresis of
people with MS contains oligoclonal bands (OCB), suggesting a
polyclonal IgG response to a limited range of epitopes.
Objectives: Report case of primary progressive multiple sclerosis
naive with 8 years of evolution with OCB-negative.

Methods: Male 63 years old attended in Caribbean Neurology
and Rehabilitation Unit (UNyR-C), Cartagena, Colombia with a
clinical history of § years of evolution who started with a decrease
in muscle strength in the lower limbs, progressing to paraparesis,
received ambulatory management for cervical myelopathy. For 1
year the clinic has been accompanied by dysarthria, dysphagia to
solids, urinary incontinence. Patient conscious, alert, dysarthria,
“scanning speech”, MMSE: 24/30, with alteration of episodic and
working memory, and calculus, amblyopia, without alterations of
eye movements, muscle strength M1 in lower limbs, with spastic-
ity and patellar and aquilian hyperreflexia bilateral, babinski bilat-
eral, dysmetria and left adiadochokinesia. EDSS: 7,5.

Results: Isoelectricfocusing OCB-negative in 2 controls, with
negative; complete autoimmunity panel. Magnetic resonance
imaging of the brain and spinal cord with MS lesions
Conclusion: Detection of oligoclonal immunoglobulin G bands
in the CSF is one of the most sensitive biomarkers for diagnos-
ing MS. Up to 95% of Caucasian MS patients harbor OCB in
CSF. OCB-negative patients, known to differ genetically from
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OCB-positives, are characterized by less global and regional
brain atrophy.

Clinical Outcome Measures

P014

Effect of Ocrelizumab on Visual Outcomes in Patients with
Baseline Visual Impairment in the OPERA Studies in Relaps-
ing Multiple Sclerosis

Dr. Laura J Balcer, MD, MSCE!, Prof. Stephen L Hauser?, Prof.
Ludwig Kappos?, Dr. Letizia Leocani, MD, PhD*, Dr. Shiv
Saidha, MBBCh, MD, MRCPI?, Dr. Laura Julian, PhD®, Ms.
Jinglan Pei, MS¢ and Prof. Giancarlo Comi, MD’

INew York University Langone Medical Center, New York,

NY, 2University of California, San Francisco, San Francisco,
CA, 3University Hospital Basel, University of Basel, Basel,
Switzerland, *University Hospital San Raffaele, Raffaele, Italy,
SJohns Hopkins Hospital, Baltimore, MD, °Genentech, Inc.,
South San Francisco, CA, "University Hospital San Raffaele,
Milan, Italy

Background: Visual impairment is a common clinical manifesta-
tion of multiple sclerosis (MS). Measures of low-contrast letter
acuity (LCLA) can detect reduced visual function even in the
absence of a clinically evident episode of optic neuritis.
Ocrelizumab (OCR) increased the cumulative probability of con-
firmed improvement in LCLA in the intention-to-treat population
in the pooled OPERA trials in relapsing MS (RMS).

Objectives: To determine the impact of OCR on LCLA in the
pooled OPERA I and II studies in a subgroup of patients with
visual impairment at baseline (BL).

Methods: Binocular LCLA testing (1.25% and 2.5% contrast,
Sloan charts) was conducted at BL and every 12 weeks until
Week 96. The subgroup of patients with visual impairment
(defined as visual Functional System Score >1) at BL was evalu-
ated. Change from BL in the number of letters identified cor-
rectly on LCLA testing was assessed using a mixed-effect model
of repeated measures. Improvement was defined as a >5-, >7- or
>10-letter increase on the Sloan LCL chart confirmed after 12
weeks; a 7-letter change is considered the minimal clinically
important difference for this test. The cumulative probability of
confirmed improvement was estimated by Kaplan-Meier analy-
sis; the hazard ratio (HR) was calculated using a Cox propor-
tional hazard regression model.

Results: We identified 375 patients randomized to OCR and 373
to interferon (IFN) B-1a with visual impairment at BL. At BL, the
mean (SD) number of letters identified correctly on LCLA testing
at 2.5% contrast was 35.2 (16.0) for the OCR group and 35.1
(15.4) for the IFN B-1a group; after 96 weeks, the mean change
from BL was significantly improved with OCR vs IFN f-la
(3.440 vs -0.470 letters; p<0.001). The relative increases in cumu-
lative probability of >5-, >7- and >10-letter improvements at 2.5%
contrast, confirmed after 12 weeks, with OCR vs IFN B-1a were
46% (46.5% vs 34.8%; HR=1.464; p=0.003), 54% (36.3% vs
25.5%; HR=1.538; p=0.003) and 39% (26.4% vs 19.8%;
HR=1.393; p=0.048). Additional analyses will include change
from BL in the number of letters identified correctly, by confirmed
improvement status, and the proportion of patients with 12-week
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confirmed visual improvement at >5 of 7 visits. Results of LCLA
testing at 1.25% contrast will also be presented.

Conclusion: Ocrelizumab was associated with significant
improvement in visual outcomes, assessed by LCLA testing, in
patients with RMS with visual impairment at BL.

P015

Evaluation of No Evidence of Progression or Active Disease
(NEPAD) in Patients with Relapsing Multiple Sclerosis in the
OPERA T and OPERA II Trials

Dr. Anthony Traboulsee, MD!, Prof. Douglas L. Arnold, MD?3,
Prof. Amit Bar-Or, MD?#, Prof. Giancarlo Comi, MD?, Prof.
Gavin Giovannoni, MBBCh, PhD, FCP¢, Prof. Hans-Peter
Hartung, MD’, Prof. Stephen L Hauser3, Prof. Ludwig Kappos®,
Prof. Fred Lublin, MD!9, Prof. Krzysztof W. Selmaj, MD, PhD!!,
Dr. Shibeshih Belachew, MD, PhD!2, Dr. Corrado Bernasconi,
MD, PhD!?, Dr. Regine Buffels, MD'2, Dr. Wei Wei, PhD!2, Dr._
Laura Julian, PhD!3 and Prof. Eva Havrdova, MD, PhD!*
!University of British Columbia, Vancouver, BC, Canada,
2McGill University, Montreal, QC, Canada, *NeuroRx Research,
Montreal, QC, Canada, *Perelman School for Advanced
Medicine, University of Pennsylvania, Philadelphia, PA,
SUniversity Hospital San Raffaele, Milan, Italy, *Queen Mary
University of London, London, United Kingdom, ’Heinrich-
Heine University, Diisseldorf, Germany, $University of
California, San Francisco, San Francisco, CA, University
Hospital Basel, University of Basel, Basel, Switzerland, °Icahn
School of Medicine at Mount Sinai, New York, NY, ! Medical
University of Lodz, £6dz, Poland, '°F. Hoffinann-La Roche Ltd,
Basel, Switzerland, 13Genentech, Inc., South San Francisco, CA,
4Charles University, Prague, Czech Republic

Background: No evidence of disease activity (NEDA) is a com-
posite measure to assess the absence of relapses, confirmed disa-
bility progression as measured by the Expanded Disability Status
Scale (EDSS), and MRI disease activity. Previous studies suggest
that maintenance of NEDA at 2 years has a high positive predic-
tive value for no disability progression, assessed by EDSS, at 7
years. Incorporation of hand/arm function and walking assess-
ments, as proposed for the novel endpoint ‘no evidence of pro-
gression or active disease’ (NEPAD), increases the sensitivity for
clinical disability worsening/progression compared with current
definitions of NEDA.

Objectives: To assess the effect of ocrelizumab vs interferon
beta-1a (IFN B-1a) on the proportion of patients with NEPAD up
to Week 96 in a post-hoc exploratory analysis of pooled data from
the OPERA studies.

Methods: Patients in the OPERA studies received intravenous infu-
sions of ocrelizumab 600 mg every 24 weeks or subcutaneous IFN
B-1a 44 pg three times weekly for 96 weeks. NEPAD was defined as
having NEDA (no protocol-defined relapse; no 12-week confirmed
progression of >1/>0.5 points on the EDSS if the baseline score was
<5.5/>5.5 points, respectively; and no brain MRI activity [no new/
enlarging T2 lesions and no T1 gadolinium-enhancing lesions]) and
no 12-week confirmed progression of >20% on the timed 25-foot
walk test (T2SFW) or the 9-hole peg test (9HPT). Brain MRI assess-
ments were conducted at baseline and Weeks 24, 48 and 96.
Results: This analysis included patients from the OPERA studies
who received ocrelizumab (n=740) or IFN B-1a (n=753) and were
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evaluable for NEPAD at baseline. Ocrelizumab increased the pro-
portion of patients with NEPAD at Week 96 by 82% compared
with IFN B-1a (39.3% vs 21.5%; risk ratio [95% CI]: 1.82 [1.55,
2.14]; p<0.0001). Ocrelizumab also showed consistent trends in
the proportion of patients with pairwise components of NEPAD vs
IFN B-1a, including NEDA and no T25FW confirmed progression
(40.4% vs 22.2%), NEDA and no 9HPT confirmed progression
(44.3% vs 25.1%) and no T25FW or 9HPT confirmed progression
(83.1% vs 77.4%).

Conclusion: Compared with IFN -1a, ocrelizumab increased the
proportion of patients with NEPAD, a clinically expanded version
of the NEDA outcome that incorporates hand/arm function and
walking assessments.

P016

Leveraging Real-World Evidence for Comparative Effective-
ness: Delayed-Release Dimethyl Fumarate Vs. Fingolimod
and Glatiramer Acetate in RRMS

Ms. Jinny Min, PharmD!, Dr. Jacob Sloane, MD, PhD?2, Dr. J.
Theodore Phillips, MD, PhD, FAAN3, Dr. Andrew Chan, MD*,
Prof. Stanley Cohan’, Dr. Enrique Alvarez, MD, PhDS, Mr.
Macaulay Okwuokenye, DrPH, BPharm’ and Ms. Catherine
Taylor, PharmD, MPH’

!Massachusetts College of Pharmacy for Health Sciences,
Boston, MA, 2Beth Israel Deaconess Medical Center, Boston,
MA, 3Multiple Sclerosis Program, Baylor Institute for
Immunology Research, Dallas, TX, ‘Bern University Hospital,
University of Bern, Bern, Switzerland, *Providence Brain and
Spine Institute, Portland, OR, SUniversity of Colorado School of
Medicine, Aurora, CO, "Biogen Inc, Cambridge, MA

Background: Real-world evidence (RWE) is increasingly uti-
lized as a novel means to contribute to the totality of evidence
needed to assess the effectiveness of therapies in multiple sclero-
sis (MS). Delayed-release dimethyl fumarate (DMF), fingolimod
(FTY), and glatiramer acetate (GA) are widely used therapies
approved for the treatment of relapsing-remitting MS (RRMS). In
light of the expanding set of therapies approved for the treatment
of RRMS and the lack of direct comparison studies, RWE can
provide much needed comparative effectiveness data to guide
patients and healthcare providers in treatment decision-making.
Objectives: To utilize RWE to compare DMF with FTY and GA
in patients with RRMS.

Methods: EFFECT (NCT02776072) is a multicenter, interna-
tional, retrospective, single-time-point medical record review
study comparing the effectiveness of DMF vs other DMTs includ-
ing FTY and GA. Endpoints included the Kaplan-Meier (KM)
estimated proportion of patients relapsed at 12 months and annu-
alized relapse rate (ARR). Baseline covariates were used in esti-
mating propensity scores (PS). The data were divided into 4 strata
using quartiles of PS (trimmed analysis set, TAS). After assessing
for balance in baseline covariates between the treatment groups,
KM estimates of relapse and estimates of treatment effects were
pooled across the 4 strata.

Results: The full analysis set included 816 DMF, 781 FTY, and
1042 GA patients; treatment groups were well balanced after PS
stratification. In the TAS, the estimated proportion of DMF
patients (n=668) that relapsed at 12 months after treatment initia-
tion was 12% vs. 13% for FTY patients (n=664) (hazard ratio
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[HR] [95%, CI] 1.07 [0.78, 1.46]; p=0.6926); the adjusted ARR
ratio (95% CI) was 1.09 (0.80, 1.49; p=0.5754). In the DMF vs
GA TAS, the estimated proportion of DMF patients (n=711) that
relapsed at 12 months was 12% vs. 21% for GA patients (n=1008)
(HR [95% CI] 0.71 [0.54, 0.95]), representing a significant
decrease of 29% (DMF vs GA; P=0.0195). The adjusted ARR
(95% CI) ratio was 0.66 (0.50, 0.87), representing a significant
decrease of 34% (p=0.0033).

Conclusion: This study leveraged RWE to assess the comparative
effectiveness of DMF vs FTY and GA. Over 12 months, no sig-
nificant difference was observed between the DMF and FTY
groups in the proportion of patients who had relapsed; however,
DMF exhibited a statistically significant higher proportion of
relapse-free patients and lower ARR vs GA.

PO17

Neurex: App-Based Documentation of Neurological Exam
Eliminates Noise in Current Disability Scales and Provides a
New Scale with Enhanced Sensitivity

Dr. Peter Kosa, PhD, Mrs. Mary Sandford, CRNP, Dr. Alison
Wichman, MD and Dr. Bibiana Bielekova, MD

NIH/NINDS, Bethesda, MD

Background: Current scales of disability in Multiple Sclerosis
(MS) research, the Expanded Disability Status Scale (EDSS),
Scripps Neurological Rating Scale (SNRS) Ambulation Index
(Al), and IPEC scale, condense selected elements of neurological
examination into a single number that correlates with neurological
disability, although it remains uncertain if the feature selection, or
their translation into the scale is optimal. Furthermore, because
the translation of the neurological examination has not been
unambiguously defined, different raters may assign different scale
value to identical patient, generating noise that lowers the utility
of the scales.

Objectives: To eliminate noise and enhance sensitivity and speci-
ficity of clinical scales by developing a neurological examination
app available on mobile platforms that would allow clinicians to
rapidly and efficiently document a standardized set of features
automatically translated into the most common MS disability
scales.

Methods: The Filemaker Pro-based NeurEx app is divided into
17 sections — each of them addressing a specific neurological sys-
tem. The default normal grading for each feature can be changed
by simple finger gesture. The app automatically transforms the
neurological exam into standard MS scales (EDSS, SNRS, Al
and IPEC) using pre-defined algorithms, including the calculation
of functional systems as a combination of clinician-defined spatial
information and severity grade.

Results: We tested the performance of the NeurEx app by retro-
spective translation of 722 documented neurological exams of MS
patients. The inter-clinician differences in grading were compara-
ble to differences between clinician-based and App-calculated
scores with 1>0.93 and p<2.9e-173. Using longitudinal cohort of
197 patients we identified almost 100-fold higher dynamic range
of NeurEx compared to EDSS (average progression 0.15 EDSS
units/year versus 10.77 NeurEx units/year). NeurEx also explained
the highest proportion of variance (R?>=0.86) among all tested neu-
rological scales in calculated progression slopes of individual
patients.
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Conclusion: We have developed a Filemaker Pro-based app that
allows clinicians to electronically document a neurological exam
in a rapid and standardized manner. The app provides calculation
of standard MS disability score, effectively reducing the noise in
disability scales and increasing the dynamic range for detection of
disability progression almost 100-times compared to EDSS.

P018

Wearable Multi-Sensor Device Captures Limb Dysfunction
and MS Progression

Dr. Alireza Akhbardeh, PhD!, Johns Hopkins, Baltimore, MD!,
Ms. Jennifer Arjona!, Dr. Pierre-Antoine Gourraud, PhD?, and
Dr. Jennifer S Graves, MD, PhD, MAS3

IUCSF, San Francisco, CA, *University of California San
Francisco, San Francisco, CA, 3University of California, San
Francisco, San Francisco, CA

Background: Gold standard MS outcome metrics are often insen-
sitive to disability changes over the short-term and are prone to
inter-rater variability. Application of technology developed in the
gaming and computer control industry offers the opportunity to
create new metrics with greater sensitivity and reproducibility.
Objectives: To determine if a small multi-sensor, easy to use
wearable device can capture limb dysfunction and subtle MS
progression.

Methods: Consecutive clinic patients who met published MS cri-
teria and healthy controls were offered enrollment. Subjects com-
pleted finger and foot taps wearing the device with 3 sensors:
accelerometer, gyroscope and surface electromyogram. Raw sig-
nals were processed to reduce noise and artifacts. Intraclass cor-
relation coefficients (ICC) assessed inter-test reproducibility.
Time and waveform-based textural features were extracted from
sensor data. We compared case vs. control differences with logis-
tic regression, adjusting for age and sex. Handedness was
addressed in all analyses. Extracted features were compared to
disability metrics with Spearman correlation coefficients and
multivariable regression methods. Patient-specific models of
change over time were generated for participants returning for
follow-up.

Results: Baseline data for 88 participants with MS (EDSS 0-7.0)
and 23 healthy controls were analyzed. ICC’s for temporal signal
features ranged from 0.81-0.84 for all limbs. These features dis-
tinguished cases from controls even for those with EDSS<2.0
(OR 2.0 per sec, 95%CI 1.2, 3.3 p=0.01). The most informative
combination of waveform textural features from all 3 sensors
strongly correlated with EDSS (r>=0.77-0.82). In longitudinal
analyses (n=56), a composite metric of irregularity in the wave-
forms of all sensor signals over time distinguished progressive
from relapsing participants over the 1-year observation period
(sensitivity 87.5%, specificity 76.9%). In one participant, a
relapse event was detected by the composite metric prior to clini-
cal detection of the event.

Conclusion: Time and texture-based extracted features from this
multi-sensor device demonstrated inter-test reliability, distin-
guished cases from controls, and demonstrated strong correlations
with disability outcomes. Ideal for future generalizability in the
clinic, the assessments were brief (a few minutes) and wearing of
the small device was non-disruptive to a standard MS physical
exam.
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P019

Satisfaction and Efficacy Outcomes When Switching from
Injectable Disease-Modifying Therapies to Fingolimod in
PREFERMS: Effect of Previous Treatment

Dr. Samuel F Hunter, MD, PhD!, Dr. Bruce AC Cree, MD, PhD,
MAS?, Dr. Xiangyi Meng?, Dr. Lesley Schofield?, Dr. Scott
Kolodny?3, Dr. Nadia Tenenbaum? and Dr. Florian P P Thomas,
MD, MA, PHD, MS*

14dvanced Neurosciences Institute, Franklin, TN, 2UCSF Weill
Institute for Neurosciences, San Francisco, CA, 3Novartis
Pharmaceuticals Corporation, East Hanover, NJ, *Hackensack
University Medical Center, Hackensack, NJ

Background: PREFERMS was a 12-month, phase 4, active-con-
trolled, open-label, multicenter study that compared treatment
retention on fingolimod and on injectable disease-modifying
therapies (iDMTs) in patients with relapsing multiple sclerosis.
In the iDMT group, 58.1% of patients switched to fingolimod,
leading to improved outcomes in this group by the end of study
(EoS) compared with the end of randomized treatment (EoRT).
Objectives: To assess the impact of previous treatment status
(naive or previously treated) on the effects of switching from
iDMTs to fingolimod by comparing treatment-satisfaction, annu-
alized relapse rate (ARR) and exposure-adjusted percentage brain
volume loss (BVL) before and after switching.

Methods: At enrolment, patients were either treatment-naive
(n=471, 53.8%) or were treated with one class of iDMTs (n=404,
46.2%; interferon or glatiramer acetate). Patients were randomized
(1:1) to fingolimod 0.5 mg/day or a pre-selected iDMT. One treat-
ment switch was allowed for any reason after >3 months, or before
for efficacy or safety. Treatment satisfaction (measured using the
Medication Satisfaction Questionnaire [MSQ]), ARR and BVL
were compared at EoRT and EoS for the subgroup of patients ran-
domized to iDMT who later switched to fingolimod (n=254). Data
were also analyzed according to treatment status before enrolment
(treatment-naive [n=99] or previously treated [n=155]). These post
hoc analyses and p values were for hypothesis generation only.
Results: For patients who switched from iDMT to fingolimod, out-
comes improved at EoS compared with EoRT, including patient
satisfaction (% of patients with MSQ score >5; odds ratio [95%
confidence interval (CI)], 5.65 [3.38-9.45], p<0.0001), relapses
(ARR ratio, 0.53 [95% CI, 0.32-0.89], p=0.0158) and BVL (%
[CI]; EoRT, 0.874% [0.56-1.19]; EoS, 0.463% [0.32-0.61]).
Similar trends were observed regardless of previous treatment sta-
tus for MSQ (ratio [95% CIJ; treatment-naive, 2.50 [1.26—4.96],
p=0.0088; treated, 10.09 [4.67-21.80], p<0.0001), ARR (ratio
[95% CIJ; treatment-naive, 0.41 [0.19-0.89], p=0.0242; treated;
0.65 [0.32—1.31], p=0.2257) and BVL (% [CI]; treatment naive,
EoRT, 0.84% [0.40-1.27]; EoS, 0.54% [0.33-0.74]; treated, EoRT,
0.90% [0.44—-1.36]; EoS, 0.42% [0.21-0.62]).

Conclusion: In PREFERMS, many of the switches from iDMT to
fingolimod tended to be associated with improvements in MSQ,
ARR and BVL. The benefit of these switches was observed
regardless of previous treatment status.

P020

Mobile Universal Lexicon Evaluation System (MULES)
in MS: Evaluation of a New Visual Test of Rapid Picture
Naming

http://journals.sagepub.com/home/ms;j

Dr. Meagan Seay!, Mr. Omar Akhand', Ms. Lucy Cobbs!, Ms.
Lisena Hasanaj', Dr. Prin Amorapanth!, Dr. John-Ross Rizzo!,
Mrs. Rachel Nolan!, Ms. Liliana Serrano!, Dr. Barry Jordan?, Dr.
Janet Rucker!, Dr. Steven Galetta® and Dr. Laura J Balcer, MD,
MSCE?

INew York University School of Medicine, New, NY, *Burke
Rehabilitation Hospital, White Plains, NY, ’New York University
Langone Medical Center, New York, NY

Background: Vision-based measures of rapid number naming
(King-Devick [K-D]) have improved the sensitivity of sports-related
concussion screening and also demonstrate slower testing times in
patients with multiple sclerosis (MS). K-D requires saccades and
vergence, measuring aspects of frontal, parietal and brainstem cent-
ers. We developed the Mobile Universal Lexicon Evaluation System
(MULES) to capture a more extensive vision network, integrating
saccades, color perception, and object identification.

Objectives: This study introduces the MULES, a new vision-
based test of rapid picture naming, to the visual assessment of
patients with MS.

Methods: We administered the MULES and K-D tests in addition
to binocular measures of low-contrast letter acuity (LCLA) and
high-contrast visual acuity (VA) in an MS cohort and in a group of
disease-free controls.

Results: Among 22 patients with MS (median age 37 years, range
20-72) and 22 disease-free controls (median age 34 years, range
19-59), MULES test times were greater (worse) among the
patients (59.6 vs. 40.0 seconds). Accounting for age, MS vs. con-
trol status was a predictor of MULES test times (P=0.03, logistic
regression). Faster testing times were noted among patients with
MS who had greater (better) scores for binocular LCLA at 2.5%
contrast (P<0.001, linear regression, accounting for age), binocu-
lar high-contrast VA (P<0.001), and K-D test times (P<0.001).
Both groups demonstrated 8-10-second improvements in MULES
test times between trials 1 and 2 (P<0.0002, paired t-tests).
Conclusion: A complex task, the MULES test of rapid picture
naming involves a more extensive visual network than the K-D
test, capturing color perception and object characterization, in
addition to saccades. Color recognition occurs early in object pro-
cessing and requires area V4 and the inferior temporal projec-
tions. MULES scores reflect performance of LCLA, a widely-used
measure of visual function in MS clinical trials. These results pro-
vide evidence that the MULES test can add visual information to
the assessment of patients with MS.

P021

Longitudinal OCT in SPMS

Dr. Kimberly Winges, MD!-2, Mr. Charles Murchison, MS3, Dr.
Dennis Bourdette, MD? and Dr. Rebecca I Spain, MD, MSPH!3
VA Portland Health Care System, Portland, OR, *Casey Eye
Institute, Portland, OR, 3Oregon Health & Science University,
Portland, OR

Background: Limited prospective information exists regarding
spectral-domain optical coherence tomography (SD-OCT) in sec-
ondary progressive multiple sclerosis (SPMS).

Objectives: Document cross-sectional and longitudinal retinal
nerve fiber layer (RNFL) and ganglion cell plus inner plexiform
layer (GCIPL) features of an SPMS clinical trial cohort.
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Methods: Prospective, observational study using a 2-year rand-
omized placebo-controlled SPMS trial cohort with yearly
SD-OCT testing. Post-hoc analysis determined influences of optic
neuritis (ON), disease duration, and baseline SD-OCT on annual-
ized atrophy and the correlation between OCT and whole brain
atrophy.

Results: Mean RNFL and GCIPL values of patients (n=47, mean
age 59, mean disease duration 30 years) were significantly lower
among eyes with prior ON than those without (NON). Annualized
RNFL (-0.31 pm/year) and GCIPL (-0.29 um/year) atrophy rates
did not differ between ON and NON eyes. Baseline RNFL thick-
ness >75 microns was associated with greater annualized RNFL
atrophy (-0.85 um/year). Neither RNFL nor GCIPL atrophy cor-
related with whole brain atrophy. A sample size calculation using
these atrophy results with a similar effect size (atrophy rate of
-0.31um/year, SE 0.38 pum, Cohen’s d=0.129) determined that
4513 subjects would be needed per arm of a treatment study to
observe a 30% difference in RNFL atrophy.

Conclusion: This study suggests that eyes with and without ON
history may be pooled for atrophy analysis in SPMS clinical trials
utilizing SD-OCT. Low baseline RNFL, small retinal atrophy
rates, and lack of correlation with whole brain atrophy in this
population are important trial design considerations.

P022

Long-Term Outcomes in Patients with Progressive Forms
of Relapsing MS Treated with Teriflunomide: Real-World
Evidence

Dr. Regina Berkovich, MD, PhD!, Dr. Karthinathan
Thangavelu?, Dr. Steven J Cavalier, MD?2, Dr. Philippe Truffinet?
and Dr. Flavia Nelson, MD*

1USC MS Comprehensive Care Center & Research Group, Los
Angeles, CA, *Sanofi, Cambridge, MA, 3Sanofi, Chilly-Mazarin,
France, *University of Texas Health Science Center at Houston,
McGovern Medical School, Houston, TX

Background: Despite recent reports of positive outcomes in clin-
ical trials, a significant unmet need exists in the treatment of
patients with progressive forms of MS. The TEMSO
(NCT00134563) and TOWER (NCT00751881) trials of terifluno-
mide in patients with relapsing forms of MS (RMS) included a
small proportion of patients (n=122; 5.4%) classified at the time
as having secondary progressive MS (SPMS) or progressive
relapsing MS (PRMS). Post hoc analysis of data from these
patients with progressive forms of RMS demonstrated that treat-
ment with high-dose teriflunomide (14 mg) could be associated
with long-term stabilization of Expanded Disability Status Scale
(EDSS) score. Experience of the use of teriflunomide in this
patient population from real-world clinical practice complements
evidence obtained from randomized, placebo-controlled clinical
studies.

Objectives: To present updated long-term disability data, as
measured by EDSS, in patients with progressive forms of RMS
treated with teriflunomide in the real-world setting.

Methods: Clinical and MRI outcomes were collected retrospec-
tively for 20 patients with progressive forms of RMS treated with
teriflunomide in 2 large MS centers in the USA.

Results: Nineteen of the 20 patients had a diagnosis of SPMS; the
1 remaining patient had PRMS. The mean age was 57 years and
75% of the patients were female. Disease duration since initial
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diagnosis of MS ranged from 7 to 37 years. Patients were treated
with teriflunomide for 3 to 5 years; 1 patient received terifluno-
mide 7 mg, the remainder with the 14-mg dose. All patients had
received prior disease-modifying therapy (DMT), the majority
with an injectable DMT (interferon, glatiramer acetate). EDSS
scores at the last visit ranged from 2 to 7.5. In 17 (85%) patients,
EDSS scores remained stable vs their score at initiation of teriflu-
nomide. Scores for 3 patients worsened (6.0 to 6.5; 6.5 to 7.0; 6.5
to 7.5); in these cases, disability worsening corresponded with
worsening based on MRI. Two of the patients who had an
increased EDSS score had interrupted teriflunomide treatment.
Conclusion: These real-world observational outcomes provide
supportive evidence that treatment with teriflunomide 14 mg is
associated with long-term stable disability in patients with pro-
gressive forms of RMS. These results are in accordance with those
from the teriflunomide clinical trial program

Clinical Trials

P023
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Background: Ozanimod is an oral, once-daily immunomodulator
that selectively targets sphingosine 1-phosphate 1 and 5
receptors.

Objectives: Report results from SUNBEAM (NCT02294058),
one of two phase 3 studies comparing once-daily ozanimod with
30 pg weekly intramuscular interferon -la (IFN) in relapsing
multiple sclerosis (RMS).

Methods: This multicenter, randomized, double-blind, double-
dummy, active-controlled study evaluated once-daily oral ozani-
mod HCI 1 mg or 0.5 mg (7-day dose escalation) for >12 months
(m) vs IFN. The primary endpoint was annualized relapse rate
(ARR). Secondary MRI endpoints included new/enlarging T2
lesions through 12 m, gadolinium enhancing (GdE) T1 lesions at
12 m, and brain volume loss (BVL) baseline to 12 m.

Results: 1346 RMS patients were enrolled. Baseline characteris-
tics, including MRI parameters, were similar across arms.
Ozanimod 1 mg (0.181; p<0.0001) and 0.5 mg (0.241; p=0.0013)
reduced adjusted ARR vs IFN (0.350). Adjusted mean number of
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new/enlarging T2 lesions per scan was reduced by 48% for ozani-
mod 1 mg (1.465; p<0.0001) and 25% for 0.5 mg (2.139;
p=0.0032) vs IFN (2.836). Adjusted mean number of GdE lesions
was reduced by 63% for ozanimod 1 mg (0.160; p<0.0001) and
34% for 0.5 mg (0.287; p=0.0182) vs IFN (0.433). Ozanimod 1
mg significantly slowed normalized whole BVL vs IFN (32.5%,
p<0.0001) with a more modest slowing for ozanimod 0.5 mg
(12.3%, p=0.0615). Both ozanimod doses significantly slowed
cortical gray matter loss (1 mg, 83.8%; 0.5 mg, 61.4%; p<0.0001
for each), and thalamic BVL (1 mg, 38.5% [p<0.0001]; 0.5 mg,
34.3% [p=0.0001]). Overall, a consistent dose response was
observed across efficacy endpoints. Treatment-emergent adverse
events (TEAEs) were mostly mild, with similar incidence across
treatment arms. Serious TEAE incidence was low (ozanimod 1
mg, 2.9%; 0.5 mg, 3.5%; IFN, 2.5%). Discontinuation rates due to
TEAEs were low and similar across treatment arms (ozanimod 1
mg, 2.9%; 0.5 mg, 1.5%; IFN, 3.6%). No first-dose, clinically sig-
nificant reduction in heart rate or second degree or higher atrio-
ventricular block were reported.

Conclusion: In this phase 3 study, both ozanimod doses demon-
strated superior efficacy vs IFN on relapse and MRI endpoints,
including BVL. These efficacy, safety, and tolerability results
demonstrate that ozanimod is a novel oral therapy with a favora-
ble benefit-risk profile for patients with RMS.
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Meta-Analysis of the Age-Dependent Efficacy of Multiple
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Dr. Bibiana Bielekova, MD

INIH/NINDS, Bethesda, MD, 2Universidad Nacional Autdnoma
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Bozeman, MT

Background: As new multiple sclerosis (MS) drugs gain FDA-
approval, clinicians are able to develop treatment plans better tai-
lored to a patient’s disease course. However, it has become difficult
to select the most efficacious therapy, as this selection would require
a comparative analysis of the drugs across different age groups.
Objectives: To perform a meta-analysis of randomized, blinded,
clinical trials in MS to investigate whether advancing age strongly
modifies the efficacy of immunomodulatory disease-modifying
therapies (DMTs), and, if so, determine the best model(s) for this
dependency.

Methods: We performed a comprehensive literature review and
screened relevant studies using PRISMA guidelines to obtain 38
clinical trials that used EDSS outcomes to determine the effects of
therapeutic efficacy on disability progression. We computed the
mean of the weighted residuals for FDA-approved drugs in
approved indications and used the sign of this mean to dichoto-
mize drugs into low and high efficacy categories. To examine the
hypothesis that age strongly modulates therapeutic efficacy, we
employed a step-down procedure to fit a weighted linear regres-
sion, with interaction between age and efficacy, to data from all
trials. Inclusion of baseline EDSS as a term in the model did not
significantly improve the model fit.

Results: The meta-analysis included over 28,000 patients in 38
trials involving 13 categories of immunomodulatory DMTs. As
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patients age, therapeutic efficacy rapidly declines (R2= 0.6757, p
=6.39¢-09) until age 53 years, when the model suggests that there
is no predicted benefit to receiving disease-modifying therapy.
Furthermore, we determined that there was a statistically signifi-
cant difference between high and low efficacy therapy prior to age
40.5 years, after which point there was no observable difference
between the two treatment categorizations.

Conclusion: The results of the meta-analysis demonstrate that the
efficacy of immunomodulatory DMTs on disability accumulation
significantly declines with advancing age. The model suggests
that MS patients derive the most benefit from high efficacy ther-
apy during early stages of the disease, and, after age 53, there is no
observable benefit on disability progression to prescribing current
DMTs to the average MS patient.
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Background: Multiple sclerosis (MS) symptoms typically mani-
fest in adulthood. In approximately 3—5% of cases, onset occurs
before 18 years of age. Younger patients invariably have a relaps-
ing-remitting form of MS (RRMS), with a 2—3-fold higher relapse
rate than patients with adult-onset MS. The PARADIGMS trial is
the first international controlled study to examine the efficacy and
safety of fingolimod (FTY) in pediatric/adolescent patients.
Objectives: To investigate the efficacy and safety of FTY up to
0.5 mg/day versus interferon p-la (IFN B-1a) 30 pg intramuscu-
larly (IM) in pediatric/adolescent patients with RRMS.

Methods: PARADIGMS was a randomized, double-blind, active-
controlled, parallel-group trial of up to 2-year duration, followed
by a 5-year open-label extension period in patients with MS aged
10 to < 18 years at randomization. Eligible patients must have had
an Expanded Disability Status Scale (EDSS) score of 0 to 5.5,
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inclusive and > 1 relapse in the past year, or 2 relapses in the pre-
vious 2 years, or have evidence of > 1 gadolinium-enhancing
(Gd+) lesion on magnetic resonance imaging (MRI) in the 6
months preceding randomization. Patients were randomized (1:1)
to receive oral FTY up to a dose of 0.5 mg/day (dose adjusted for
body weight) or IFN-Bla 30 pg IM once a week. The primary
endpoint was annualized relapse rate. Key secondary endpoints
included MRI- and relapse-related outcomes. Safety and tolerabil-
ity were also assessed.

Results: In total, 215 patients were randomized. Most patients
were female (62%, n = 134) and Caucasian (92%, n = 197). Mean
age at randomization for the FTY and IFN-B1a groups was 15.2
and 15.4 years, respectively (median, 16.0; range, 10—17 and
median, 16.0, range 11-18%*, respectively). Mean disease duration
since first symptom was 1.9 years for the FTY group and 2.4 years
for the IFN-B1a group. The mean number of relapses in the past
year was 1.5 for both groups and the median EDSS score was 1.5
for both groups. Primary efficacy results, MRI outcomes and
safety and tolerability data will be presented at the meeting.
Conclusion: PARADIGMS is the first randomized clinical trial in
pediatric/adolescent patients with MS. Results will determine
whether FTY is beneficial in this young patient population that
has active disease, typically of a shorter clinical duration than
patients with adult-onset MS.

*Actual age < 18 years. Local law only allows reporting of birth
year and age; 18 years based on the imputed date.
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Background: In CARE-MS II (NCT00548405), 2 courses of
alemtuzumab demonstrated significantly greater improvements
on clinical outcomes vs SC IFNB-1a over 2 years (y) in patients
(pts) with active RRMS and inadequate response to prior therapy.
Alemtuzumab pts who were followed for a further 4 y in an exten-
sion study (NCT0090553) showed durable efficacy, even though
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most received no additional alemtuzumab or other disease-modi-
fying therapy (DMT). In CARE-MS 11, pts received 2 courses of
alemtuzumab 12 mg/day (baseline: 5 days; 12 months [mo] later:
3 days); in the extension, pts could receive as-needed alemtu-
zumab retreatment (12 mg/day on 3 consecutive days; >12 mo
after previous course for relapse or MRI activity) or another DMT
(per investigator discretion). Pts completing the extension could
enroll in the 5-y TOPAZ study (NCT02255656) for further long-
term evaluation.

Objectives: Evaluate efficacy and safety of alemtuzumab in
CARE-MS II pts over 7 y.

Methods: In TOPAZ, pts can receive alemtuzumab retreatment
>12 mo after previous course or another DMT at any time (both
per investigator discretion); MRI scans are done annually.
Assessments included: annualized relapse rate (ARR); propor-
tions of relapse-free pts; 6-mo confirmed disability worsening
(CDW); 6-mo confirmed disability improvement (CDI); no evi-
dence of disease activity (NEDA); adverse events (AEs).
Results: 338/393 (86%) CARE-MS II alemtuzumab-treated pts
who entered the extension remained on study until end of Y6.
336 then entered TOPAZ; 317 (94%) remained on study through
Y7. Low ARR was maintained (0.14 at Y7). 87% of pts were
relapse-free in Y7. Proportion of pts with stable or improved
EDSS remained high (Y7: 73%). Through 7 y, 69% of pts were
free of 6-mo CDW, 44% experienced 6-mo CDI, and the major-
ity achieved NEDA in each year. These effects were achieved
with 47% of pts receiving no further treatment (alemtuzumab or
another DMT) after their initial 2 alemtuzumab courses.
Incidences of most AEs, infusion-associated reactions, and
infections decreased over time and were reduced vs the 2-y core
study. Thyroid AE incidence peaked at Y3, then declined
through Y7.

Conclusion: Clinical efficacy of alemtuzumab was durable for 7
y in pts who had inadequate response to prior therapy, despite
47% receiving no further treatment since the initial 2 alemtu-
zumab courses. The majority of pts maintained low ARR, were
relapse-free, showed stabilized or improved disability, and
achieved NEDA in each year.
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Background: Leptomeningeal inflammation is associated with
increased cortical demyelination, neuronal damage and worse
clinical outcomes, suggesting it may play a role in MS disease
progression. Contrast-enhanced FLAIR imaging can detect areas
of leptomeningeal contrast-enhancement (LME) corresponding to
meningeal inflammation. Since B cells contribute to meningeal

http://journals.sagepub.com/home/msj



ACTRIMS 24(S1)

23

inflammation in MS, we hypothesized that targeting them using
intrathecal (IT) rituximab could potentially impact LME.
Objectives: To assess the safety of IT rituximab in progressive
MS (PMS). Also, to assess effects of IT rituximab on the persis-
tence of LME detected by MRI, and on cerebrospinal fluid (CSF)
biomarkers.

Methods: PMS patients had a screening MRI to detect areas of
LME. Those with LME who satisfied other eligibility criteria
underwent repeat scanning to confirm presence of LME, followed
by two IT administrations of 25 mg rituximab 2 weeks apart.
Follow up lumbar puncture and MRI were performed at 8 and 24
weeks following the first treatment. We performed clinical evalu-
ations and safety labs at baseline and at weeks 2, 8, 24 and 48. We
measured levels of CXCL13, CCL19, CCL21, BAFF, sCD14 in
the CSF collected before and after IT rituximab. We then assessed
changes in LME lesions and CSF biomarker levels over 24 weeks.
Results: We screened 36 PMS patients and identified 15 with
LME. Eleven consented, and 8 fulfilled eligibility criteria and
received study treatment. Median age was 55.5 years (IQR: 9.0),
5 were female, and number of LME lesions ranged from 1 - 3. No
serious adverse effects (AE) occurred. Two participants had wors-
ening of their EDSS over 48 weeks of follow up.

We noted a profound reduction in peripheral blood B cells from
baseline (median: 18.55%, IQR:7.2) to week 2 (0.1%, IQR: 1.2)
and 8 (0.1%, IQR: 0.8) with some return at 24 weeks (3.6%, IQR:
9.0). However, we noted no change in the number of LME follow-
ing IT rituximab over the 24-week MRI follow up. We observed
transient reductions in CSF B cells (p=0.018) and CXCL-13 lev-
els (p=0.045) with an increase in BAFF levels (p=0.17) with
treatment.

Conclusion: LME incidence in our PMS cohort was similar to
previous reports. IT rituximab was well tolerated in PMS patients
and resulted in profound peripheral B cell depletion. IT rituximab
had transient effects on CSF biomarkers of inflammation but did
not change LME detected on imaging. IT rituximab was insuffi-
cient to completely resolve meningeal inflammation in this small
PMS cohort.
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Background: Ublituximab (UTX) is a novel monoclonal anti-
body targeting a unique epitope on the CD20 antigen and glycoen-
gineered to enhance affinity for all variants of FcyRIIla receptors,
demonstrating greater antibody-dependent cellular cytotoxicity
activity (ADCC) than rituximab (RTX). UTX has demonstrated
robust efficacy and favorable safety profile in multiple phase 3
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trials for treatment of hematologic malignancies. The enhanced
ADCC potency of RTX may offer a benefit over currently avail-
able anti-CD20s in terms of lower doses and shorter infusion
times.

Objectives: To assess the safety, B cell depletion dynamics, and
clinical efficacy of UTX in patients with Relapsing MS (RMS)
Methods: TG1101-RMS201 is a 52-week, phase 2, placebo-con-
trolled, multicenter study that is designed to assess the optimal
dose and infusion time as well as safety/tolerability of UTX in
RMS subjects. Subjects are randomized to UTX or Placebo for
28 days, encompassing the first two infusions on Day 1 and Day
15. Subjects initially randomized to placebo are subsequently
given UTX after the 28-day observational period and followed
for 52 weeks. Optimal dosing is determined by B cell depletion,
defined as percentage of CD19" B cells present following UTX
administration, and assessed at multiple timepoints throughout
the treatment period. Radiological and clinical analyses are also
performed.

Results: To date, B cell data from 16 subjects have been analyzed
up to Week 24 of the 52-week study, encompassing two infusions
of UTX. At Week 4, median B cell depletion was 99% from base-
line in UTX treated subjects and maintained to Week 24. No
relapses have been reported in any subjects during the first 24
weeks (83% of subjects had >1 relapse in the year prior to screen-
ing). Mean EDSS at baseline was 2.7 (+1.3) and at Week 24 the
Mean EDSS was 1.9 (£1.5) with a change of -0.8. No Gd lesions
were found in any patients at Week 24. No SAEs or clinically
significant lab abnormalities have been observed. Most com-
monly reported AEs were infusion related reactions (IRR; Grade
<2). Faster infusion times, as low as 1 hour for 450mg UTX, did
not result in an increased frequency of IRRs.

Conclusion: Ublituximab, a novel glycoengineered anti-CD20
antibody demonstrates rapid and robust B cell depletion, a pro-
found reduction in Gd enhancing lesions, with clinical stability
observed at week 24. Unlike other IV administered anti-CD20s,
UTX has been delivered in shorter infusions, providing a potential
convenience benefit for future patients.
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Background: Treatment options for progressive MS are limited.
Ibudilast, a phosphodiesterase- and macrophage inhibitory factor-
inhibitor, was suggested to have a neuroprotective effect in relaps-
ing-remitting MS. We conducted a phase II clinical trial of
ibudilast in primary and secondary progressive MS.

Objectives: Report top-line safety, tolerability, and efficacy of
ibudilast in progressive MS.

Methods: 255 subjects with primary or secondary progressive
MS, with evidence for disability progression in prior two years,
were randomized to receive either ibudilast up to 100 mg/d or
matching placebo, and followed over 96 weeks. Clinical and
imaging outcomes were assessed every 24 weeks. Primary out-
come was change in brain atrophy as measured by brain paren-
chymal fraction (BPF) over 96 weeks. Secondary outcomes
included magnetization transfer ratio, diffusion tensor imaging,
and optical coherence tomography. Analysis was based on a mod-
ified ITT (mITT) approach: subjects who received >1 dose of
study medication and had >1 BPF efficacy assessment after base-
line. Linear mixed effects modeling was used to estimate the rate
of change within imaging measures for each treatment group.
The difference in the estimated rates between groups was used to
assess efficacy.
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Results: Last follow-up visit was completed on 11May2017. Out
of 255 randomized subjects, 244 were included in the mITT popu-
lation for efficacy analyses. Of these 244 subjects, 220 (90.2%)
completed 96-week follow-up, with 184 subjects (83.6%) remain-
ing on assigned study medication for the full 96-week treatment
period. Primary outcome, several secondary outcomes, and safety
data will be presented.

Conclusion: The NN102/SPRINT-MS study will evaluate the
activity, safety, and tolerability of ibudilast in progressive MS.

P030

Safety of Ozanimod Versus Interferon p-1a in Phase 3 Stud-
ies in Relapsing Multiple Sclerosis (SUNBEAM and RADI-
ANCE Part B)

Dr. Bruce AC Cree, MD, PhD, MAS!, Dr. Amit Bar-Or, MD,
FRCPC?, Prof. Giancarlo Comi, MD3, Prof. Krzysztof W.
Selmaj, MD, PhD#, Prof. Douglas L. Arnold, MD?, Dr. Lawrence
Steinman, MD®¢, Prof. Hans-Peter Hartung, MD?, Dr. Xavier
Montalban, MD, PhD8, Dr. Eva K. Havrdova, MD, PhD?, Dr.
James K. Sheffield, MD!9, Mr. Kartik Raghupathi, MS!9, Prof.
Ludwig Kappos!'! and Dr. Jeffrey A. Cohen, MD!?

!University of California San Francisco Medical Center, San
Francisco, CA, *University of Pennsylvania, Philadelphia, PA,
3University Vita-Salute San Raffaele, Milan, Italy, *Medical
University of Lodz, Lodz, Poland, "McGill University, Montreal,
QC, Canada, SStanford University School of Medicine, Palo
Alto, CA, "Heinrich-Heine University, Diisseldorf, Germany,
8Vall d’Hebron University Hospital, Barcelona, Spain, *Charles
University, Prague, Czech Republic, 1°Celgene Corporation, San
Diego, CA, 'University Hospital of Basel, Basel, Switzerland,
12Cleveland Clinic, Cleveland, OH

Background: Ozanimod, an oral, once-daily immunomodulator
that selectively targets sphingosine 1-phosphate 1 and 5 receptors,
is in clinical development for treating relapsing multiple sclerosis
(RMS). We report safety results from two similarly designed
phase 3 RMS studies, SUNBEAM (NCT02294058) and
RADIANCE Part B (NCT02047734).

Objectives: Compare the safety of ozanimod versus 30 pg, once-
weekly, intramuscular interferon B-1a (IFN) in RMS patients.
Methods: SUNBEAM and RADIANCE Part B were multicenter,
randomized, double-blind, parallel-group, active-controlled, dou-
ble-dummy studies evaluating once-daily oral ozanimod HCI 1
mg or 0.5 mg (initiated with a 7-day dose escalation) versus IFN.
The primary endpoint in both studies was annualized relapse rate.
Here we report safety over >12 months in SUNBEAM and 24
months in RADIANCE.

Results: In both studies, a greater percentage of IFN-treated than
ozanimod-treated  patients experienced treatment-emergent
adverse events (TEAEs) (SUNBEAM: ozanimod 1 mg, 60%; 0.5
mg, 57%; IFN, 76%; RADIANCE: ozanimod 1 mg, 75%; 0.5 mg,
74%; IFN, 83%). Most TEAEs were mild; the most common AE
was nasopharyngitis (SUNBEAM: ozanimod 1 mg, 6.7%; 0.5 mg,
9.7%; IFN, 8.1%; RADIANCE: ozanimod 1 mg, 15.7%; 0.5 mg,
13.4%; IFN, 10.9%). The overall incidences of serious TEAEs
were low and balanced across treatment arms (SUNBEAM: ozani-
mod 1 mg, 2.9%; 0.5 mg, 3.5%; IFN, 2.5%; RADIANCE: ozani-
mod 1 mg, 6.5%; 0.5 mg, 7.1%; IFN, 6.4%). Infection rates were
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similar across treatment arms in both studies; serious infection
rates were low and similar across treatment arms, with no dissemi-
nated or serious opportunistic infections. More IFN-treated than
ozanimod-treated patients discontinued study drug due to TEAEs
(SUNBEAM: ozanimod 1 mg, 2.9%; 0.5 mg, 1.5%; IFN, 3.6%;
RADIANCE: ozanimod 1 mg, 3.0%; 0.5 mg, 3.2%; IFN, 4.1%).
First-dose monitoring demonstrated no second degree or higher
atrioventricular blocks. There was one death in RADIANCE, due
to drowning considered unrelated to study drug.

Conclusion: This favorable tolerability and AE profile, coupled
with efficacy results, demonstrates that ozanimod is a novel oral
agent with a favorable benefit-risk profile for RMS patients.

P031

Crisp: Clozapine and Risperidone for the Treatment of Pro-
gressive Multiple Sclerosis

Prof. Anne Camille La Flamme, PhD'!-2, Dr. David Abernethy,
MB ChB, FRACP3, Dr. Dalice Sim, M Phil, PhD*, Ms. Liz
Goode?, Dr. David Bourke, MB ChB?, Ms. Imogen Milner?,
Ms. Toni-Marie Garrill?, Dr. Purwa Joshi, MB ChB, BHB?, Dr.
Eloise Watson, MB ChB?3, Dr. Duncan Smyth, MB ChB3, Dr.
Sean Lance, MB ChB?3, Mr. Jonathan Barrett’ and Dr. Bronwen
Connor, PhD>

Victoria University of Wellington, Wellington, New Zealand,
’Malaghan Institute of Medical Research, Wellington, New
Zealand, ’Wellington Regional Hospital, Wellington, New
Zealand, *University of Otago, Wellington, New Zealand,
SUniversity of Auckland, Auckland, New Zealand

Background: Previous research has shown that the atypical
antipsychotics, clozapine and risperidone, can readily pass
through an intact blood brain barrier and reduce neuroinflamma-
tion in humans and mice.

Objectives: Given the urgent need for therapeutics that target the
central nervous system-compartmentalized inflammation in pro-
gressive multiple sclerosis (MS), the CRISP trial was designed to
determine if clozapine and risperidone were suitable for use in
patients with progressive MS.

Methods: The CRISP trial (ACTRN12616000178448) is a
blinded, randomized, placebo-controlled trial with three parallel
arms (n = 12/arm). Participants with progressive MS and an
expanded disability status scale (EDSS) between 3.5 and 7.0 are
randomly allocated to clozapine (100 mg/day for 3 months fol-
lowed by 150 mg/day for 3 months), risperidone (2 mg/day for 3
months followed by 3.5 mg/day for 3 months), or placebo (6
months). Clinical parameters are collected at baseline, 3 months,
and 6 months, and included measures of MS (EDSS, MS func-
tional composite, and fatigue severity scale), treatment acceptabil-
ity (treatment satisfaction questionnaire for medicines-9;
TSQM-9), and immunological parameters (full blood counts and
immune phenotype profile). The primary outcome measures are
safety (AE/SAE) and acceptability (TSQM-9).

Results: After completion of the first block of participants,
recruitment was halted to allow a formal interim analysis to be
performed. The results of this interim analysis will be presented.
Conclusion: The CRISP trial will determine the suitability of two
atypical antipsychotics, clozapine and risperidone, for people with
progressive MS, and the results will guide the design of future
trials to assess clinical efficacy.
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Peginterferon Beta-1a Demonstrated Better Clinical Out-
comes Than Teriflunomide in Newly Diagnosed RMS
Patients: A Matching-Adjusted Comparison

Dr. Scott D Newsome, DO', Dr. Jang Yun, MS, PhD?, Dr.
Carmen Castrillo-Viguera, MD? and Dr. Maria Naylor, PhD?
!Department of Neurology, Johns Hopkins University School of
Medicine, Baltimore, MD, *Biogen, Cambridge, MA

Background: Peginterferon beta-la and teriflunomide are both
first-line disease-modifying therapies (DMTs) for relapsing multi-
ple sclerosis (RMS), but no head-to-head trials have directly com-
pared their clinical efficacy. A matching-adjusted indirect
comparison of weighted individual patient data with aggregate
Phase 3 trial data can provide relevant comparative efficacy data
to clinicians.

Objectives: Determine indirect comparative clinical efficacy
of peginterferon beta-la and teriflunomide both in RMS
patients and in a subgroup of newly diagnosed, DMT-naive
RMS patients.

Methods: Individual patient data from the Phase 3 studies of sub-
cutaneous (SC) peginterferon beta-la 125 mcg every 2 weeks
(ADVANCE/ATTAIN) and pooled summary data of patients from
two Phase 3 studies of oral teriflunomide 14 mg once daily
(TEMSO and TOWER) were used. The study designs and patient
populations of TEMSO and TOWER were sufficiently similar to
allow pooling of data. A matching-adjusted indirect comparison
of efficacy outcomes was conducted by weighting individual
peginterferon beta-la—treated patients to match multiple key
aggregate baseline characteristics of teriflunomide-treated
patients. The newly diagnosed patient subgroup was diagnosed
with RMS <1 year prior to study enrolment and had no prior DMT
use. 24-week—confirmed disability worsening (CDW) and annual-
ized relapse rate (ARR) were analyzed.

Results: After matching, baseline characteristics were well-bal-
anced across groups. In the overall RMS patient population at 108
weeks, peginterferon beta-1a (effective n=382) had a significantly
lower proportion of patients with 24-week CDW compared with
teriflunomide (n=728) (8.4% vs 12.6%; P=0.032). The ARR was
numerically lower in patients receiving peginterferon beta-1la vs
teriflunomide (0.257 vs 0.354; P=0.051). Similarly, in newly
diagnosed RMS patients, the ARR was numerically lower in
patients treated with peginterferon beta-1a (effective n=163) vs
teriflunomide (n=183) at 108 weeks (0.201 vs 0.270; P=0.384)
and at 5 years (0.142 vs 0.196; P value not analyzed).
Conclusion: In this matching-adjusted indirect comparison of
Phase 3 trials, the proportion of patients with 24-week CDW was
significantly lower with peginterferon beta-1a compared with teri-
flunomide. For both the overall population and the newly diag-
nosed subgroups, ARR was numerically lower in the peginterferon
beta-1a—treated group than in the teriflunomide-treated group.

P033

The Influence of Alcohol Coingestion on the Pharmacokinet-
ics of Alks 8700 in Healthy Adults

Dr. Angela Wehr!, Dr. Marjie Hard?, Dr. Miao Yu!, Dr. Richard
A Leigh-Pemberton! and Dr. Lisa Von Moltke!

1Alkermes, Inc., Waltham, MA, ?Nuventra Pharma Sciences,
Durham, NC
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Background: ALKS 8700 is a prodrug of monomethyl fumarate
(MMF), the active metabolite of dimethyl fumarate (DMF), which
is approved for relapsing forms of multiple sclerosis (RMS).
ALKS 8700 has physiochemical properties that are distinct from
DMF and thus is designed to effectively treat RMS with the same
active metabolite as DMF but with the potential for improved gas-
trointestinal tolerability.

Objectives: To evaluate the effect of alcohol coingestion on the
pharmacokinetics (PK) of ALKS 8700 in healthy adults.
Methods: This was a phase 1, single-center, open-label, rand-
omized, 3-period, 6-sequence, crossover study. Potential partici-
pants underwent a tolerability test to ensure tolerance to high
alcohol doses. In each treatment period, participants received a
single oral dose of ALKS 8700 (462 mg) administered with dis-
tilled water (W), 5% v/v ethanol-distilled water solution
(5%ETOH), or 40%ETOH. Blood samples were taken within 1 h
predose and at varying intervals from 0.25-72 h postdose.
Treatment-emergent adverse events (TEAEs) were monitored for
the study duration.

Results: Of 31 randomized participants, 30 completed the study.
Mean age was 42.4 yrs (standard deviation [SD], 9.40); 81% were
male; 61% White and 32% Black or African American; and mean
body mass index was 26.2 (SD, 2.62) kg/m?. Mean maximum
observed concentration (Cmax) for MMF was 1.36 (SD, 0.598),
1.27 (SD, 0.555), and 1.13 (SD, 0.547) pg/mL with ALKS
8700+W, ALKS 8700+5%ETOH, and ALKS 8700+40%ETOH,
respectively. Mean area under the concentration-time curve
(AUC) from time zero to infinity was 3.06 (SD, 0.925), 3.26 (SD,
0.938), and 2.92 (SD, 0.762) hepg/mL. AUC from time zero to the
last quantifiable time interval was 2.68 (SD, 0.915), 2.74 (SD,
1.002), and 2.68 (SD, 0.956) hepg/mL. Maximum plasma MMF
concentrations were observed 2.5-3.0 h postdose with all treat-
ments. Mean plasma MMF concentrations were comparable for
ALKS 8700+W and ALKS 8700+5%ETOH and slightly lower for
ALKS 8700+40%ETOH. Incidence of TEAEs was 63%, 61%,
and 83% with ALKS 8700+W, ALKS 8700+5%ETOH, and
ALKS 8700+40%ETOH, respectively. Flushing (37%, 35%,
37%) and feeling hot (23%, 26%, 30%) were the most common
TEAEs. One participant discontinued the study due to TEAEs.
There were no deaths or serious AEs.

Conclusion: ETOH coingestion had no significant effects on the
PK of ALKS 8700 in healthy participants. No evidence of dose
dumping of ALKS 8700 was observed with ETOH coingestion.

P034

Week 24 Results: GNbAC1 in RRMS (GNC-003, CHANGE-
MS; Clinical trial assessing the HERV-W Env antagonist
GNbACT for Efficacy in MS)

Prof. Hans-Peter Hartung, MD, Heinrich-Heine University,
Diisseldorf, Germany, Dr. Herve Porchet, GeNeuro S.A., Plans
les Ouates, Switzerland, Dr. Robert L Glanzman, MD, M.D.,
GeNeuro, Geneva, Switzerland, Ms. Estelle Lambert, Ph.D.,
Servier, Suresnes, France, Prof. Krzysztof W. Selmaj, MD, PhD,
Medical University of £.6dz, £.6dZ, Poland and Prof. Frederik
Barkhof, Institutes of Neurology & Healthcare Engineering,
UCL, London, United Kingdom

Background: Human endogenous retroviruses (HERVs) result
from ancestral, germline, retroviral DNA insertions, representing
8% of the human genome. A pathogenic member of the HERV-W
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family [pHERV-W; formally, the multiple sclerosis-associated ret-
rovirus (MSRV)] may be tansactivated by environmental factors
such as Epstein-Barr Virus (EBV) to generate pathogenic viral
products, including the envelope protein [(pHERV-W Env); a
potent agonist of Toll-like Receptor 4 (TLR4)]. The humanized
IgG4-x monoclonal antibody (mAb) GNbAC] targets pHERV-W
Env, inhibiting TLR4-mediated pathogenicity, including;

e activation of macrophages and microglia into pro-inflam-
matory phenotypes and;

e direct inhibition of remyelination via TLR4, expressed on
oligodendroglial precursor cells (OPCs) during
maturation.

To date, GNBACI has been studied in 3 completed Phase 1 and 2a
clinical trials, in 54 healthy subjects and 10 MS patients.
Objectives: To evaluate a novel mAb, neutralizing a pathogenic,
HERV-generated envelope protein in relapsing-remitting multiple
sclerosis (RRMS).

Methods: This international (12 European countries), placebo-
controlled, Phase IIb study randomized 270 RRMS patients
1:1:1:1 to GNbACI1 (6, 12 or 18 mg/kg) or placebo, via monthly,
IV infusion, for 24 weeks (Period 1). At week 24, placebo patients
were re-randomized 1:1:1, in a dose-blind manner, to active
GNbLACI for an additional 24 weeks (Period 2). The Week 24
primary endpoint: cumulative number of gadolinium enhancing
(Gd+) lesions seen on 4-weekly brain magnetic resonance imag-
ing (MRI) scans from weeks 12 — 24. Secondary efficacy end-
points include annualized relapse rate and change in magnetization
transfer ratio (MTR) in pre-defined, periventricular (PV) bands of
normal-appearing white matter (NAWM), cerebral cortex and
regions of interest (ROIs) defined by Gd+ T1 lesions.

Results: Week 24 results of primary efficacy, secondary efficacy
and safety analyses, will be provided. Additional exploratory
analyses may also be provided.

Conclusion: Week 24 efficacy and safety results from the GNC-
003 (CHANGE-MS) Phase IIb study will be provided. GNbAC1,
a novel therapeutic approach for the treatment of multiple sclero-
sis (MS); blocking a potential causal agent, without directly
affecting normal immunity, as well as promoting remyelination
via disinhibition of OPC maturation blockade, will be discussed.

P035

Efficacy of Alemtuzumab Retreatment in Patients Who
Experienced Disease Activity after the Initial Two Courses:
Results from the CARE-MS II Extension

Dr. Aaron Boster, MD!, Dr. Anthony Traboulsee, MD?, Dr.
Ann D Bass, MD?3, Dr. Regina Berkovich, MD, PhD*, Prof.
Giancarlo Comi, MD3, Prof. Oscar Fernandez, MDS, Dr. Ho Jin
Kim, MD7, Prof. Volker Limmroth, MD8, Prof. Jan Lycke, MD?,
Prof. Richard Macdonell, MD!, Dr. Basil Sharrack, PhD MD!!,
Dr. Patrick Vermersch, MD!2, Prof. Heinz Wiendl, MD!3, Prof.
Tjalf Ziemssen'4, Dr. Maria Melanson, MD, PhD'3, Dr. Nadia
Daizadeh, PhD'S and Dr. Barry A Singer, MD'®

1OhioHealth Neurological Physicians, Columbus, OH,
2University of British Columbia, Vancouver, BC, Canada,
3Neurology Center of San Antonio, San Antonio, TX, *University
of Southern California, Keck School of Medicine, Los Angeles,
CA, SUniversity Vita-Salute San Raffaele, Milan, Italy,
SFundacion IMABIS, Hospital Universitario Carlos Haya,
Malaga, Spain, "Research Institute and Hospital of National
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Cancer Center, Goyang, Korea, Republic of (South), 3Klinik fiir
Neurologie und Palliativmedizin, Cologne, Germany, °University
of Gothenburg, Gothenburg, Sweden, °Austin Health and
Florey Institute of Neuroscience and Mental Health, Melbourne,
Australia, "'\Sheffield Teaching Hospitals NHS Foundation Trust,
Sheffield, United Kingdom, 2Université de Lille, Lille, France,
BUniversity of Miinster, Miinster, Germany, *Center of Clinical
Neuroscience, Carl Gustav Carus University Hospital, Dresden,
Germany, SSanofi, Cambridge, MA, '°MS Center for Innovations
in Care, Missouri Baptist Medical Center, St. Louis, MO

Background: In the CARE-MS 1I trial (NCT00548405), alemtu-
zumab (administered as 2 courses of 12 mg/day at baseline [5 days]
and 12 months later [3 days]) demonstrated significantly greater
improvements on clinical and MRI outcomes vs SC IFNB-1a over
2 years in patients with active RRMS who had inadequate response
to prior therapy. In an extension trial (NCT0090553), alemtuzumab-
treated patients could receive as-needed alemtuzumab retreatment
for relapse and/or MRI activity (12 mg/day on 3 consecutive days;
>12 months after previous course) or another disease-modifying
therapy (DMT; per investigator discretion). These patients contin-
ued to show durable efficacy over an additional 4 years, even
though most did not receive additional alemtuzumab or other DMT.
Objectives: To evaluate the efficacy of alemtuzumab retreatment
in CARE-MS 1I patients who received >1 additional course of
alemtuzumab due to relapse and/or MRI activity.

Methods: Efficacy outcomes in patients who were re-treated with
>1 additional alemtuzumab course in the extension were com-
pared during the 12 months prior to Course 3 (C3) vs up to 3 years
after C3: annualized relapse rate (ARR), improved/stable EDSS
(vs core study baseline), and 6-month confirmed disability
improvement (CDI). Patients who received a different DMT in the
extension were not included in this analysis. Additional analyses
evaluated patients who were re-treated due to relapse only.
Results: Through Year 6, 344/393 (88%) CARE-MS II patients
entering the extension remained on study. 178/393 (45%) patients
received >1 additional course of alemtuzumab without receiving
another DMT. ARR significantly decreased following alemtu-
zumab retreatment, from 0.85 (12 months prior to C3) to 0.20 (12
months after C3; rate ratio [95% CI], 0.24 [0.17-0.34]; P<0.0001),
and remained low (0.27) up to 3 years later. 68% of patients main-
tained stable/improved EDSS after the time of C3 administration.
The percentage of patients with CDI increased 12 months after C3
vs 12 months prior to C3 (14.4% vs 4.4%). Findings were similar
in patients who were re-treated due to relapse only.

Conclusion: These data support that in the CARE MS II exten-
sion, patients who experienced MRI activity or relapse after
Course 2 benefitted from retreatment with a third alemtuzumab
course, which can reduce relapses and improve disability.

P036

Rationale and Design of the Traditional Versus Early Aggres-
sive Therapy for Multiple Sclerosis (TREAT-MS) Trial

Dr. Ellen M Mowry!, Dr. Sandra D. Cassard', Dr. Thomas
Shoemaker!, Dr. Elizabeth L Ogburn!, Dr. Jerry Prince, PhD!
and Dr. Scott D Newsome, DO?

IJohns Hopkins University, Baltimore, MD, Department of
Neurology, Johns Hopkins University School of Medicine,
Baltimore, MD
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Background: FDA-approved multiple sclerosis (MS) disease-
modifying therapies target the relapsing phase of MS but have
minimal impact once the progressive phase begins. It is unclear if,
in the relapsing phase, there is an advantage of early aggressive
therapy with respect to preventing long-term disability. The infec-
tious risks and other complications associated with higher-effi-
cacy treatments highlight the need to quantify their effectiveness
in preventing disability.

Objectives: To describe a clinical trial that will evaluate treatment
strategies in early MS.

Methods: The TREAT-MS trial (TRaditional versus Early
Aggressive Therapy for MS) is a pragmatic, randomized con-
trolled trial with two primary aims: 1) to evaluate, jointly and
independently among patients deemed at higher risk vs. lower risk
for disability accumulation, whether an “early aggressive” ther-
apy approach, vs. starting with a traditional, first-line therapy,
influences the intermediate-term risk of disability, and 2) to evalu-
ate if, among patients deemed at lower risk for disability who start
on first-line MS therapies but experience breakthrough disease,
those who switch to a higher-efficacy vs. a new first-line therapy
have different intermediate-term risk of disability.

Results: TREAT-MS is funded by the Patient-Centered Outcomes
Research Institute. The final protocol was adjudicated by a Study
Advisory Committee that includes patients, stakeholders, expert
clinicians, and statisticians. 900 participants are categorized as at
lower vs. higher risk of longer-term disability and then are rand-
omized, stratified by this risk, to higher-efficacy vs. first-line thera-
pies. We will evaluate if there is an intermediate-term benefit, with
respect to disability, of higher-efficacy therapy and if that benefit
differs based on baseline disability risk. We will also explore, in
those deemed at low risk of long-term disability at onset, if switch-
ing to another first-line therapy vs. escalation to a more aggressive
medication has an impact on subsequent disability measures as
well. Additional outcomes will include validated patient-reported
outcomes and imaging obtained as standard of care.

Conclusion: There is a great unmet need to identify the most
appropriate treatment strategy for people with MS, especially
carly in the disease course when it may be possible to maximize
an individual’s chance for preventing long-term disability.
TREAT-MS will address this critical gap, laying the foundation
for a meaningful evidence base for people with MS.
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No Evidence of Disease Activity in Natalizumab-Treated
Patients with Early Relapsing-Remitting Multiple Sclerosis:
A 2-Year Analysis of STRIVE

Dr. Jai S Perumal, MD!, Dr. Robert J Fox, MD2, Dr. Roumen
Balabanov?, Mr. Shavy S Makh*, Prof. Qunming Dong?, Dr.
Laura J Balcer, MD, MSCE¢, Dr. Steven Galetta®, Dr. Christophe
Hotermans* and Prof. Lily Lee, PhD*

Judith Jaffe Multiple Sclerosis Center, New York, NY, 2Mellen
Center for Multiple Sclerosis, Cleveland Clinic, Cleveland, OH,
3Northwestern University, Chicago, IL, ‘Biogen, Cambridge,
MA, ’Biogen (*employed during completion of work),
Cambridge, MA, SNew York University Langone Medical Center,
New York, NY

Background: Treatment with natalizumab early in the relapsing-
remitting multiple sclerosis (RRMS) disease course may improve
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clinical outcomes. STRIVE was designed to determine the pro-
portion of anti—JC virus antibody-negative RRMS patients initiat-
ing natalizumab early in their disease course who demonstrated no
evidence of disease activity (NEDA).

Objectives: To determine the proportion of natalizumab-treated
early RRMS patients who achieve NEDA at year 2.

Methods: STRIVE is a multicenter, observational, open-label,
single-arm study in which NEDA was defined as no Expanded
Disability Status Scale (EDSS) progression (24-week—con-
firmed), no relapses, no gadolinium-enhancing (Gd+) lesions, and
no new or enlarging T2-hyperintense lesions. Clinical NEDA was
defined as no EDSS progression and no relapses. Continuous vari-
ables were analyzed with summary statistics. Categorical varia-
bles were analyzed with frequency distributions. P values and
odds ratios (ORs) were obtained from logistic regression models
adjusted for baseline EDSS score (<2 vs >2), age group (<40 vs
>40 years), number of relapses 1 year prior to natalizumab infu-
sion, baseline T2 lesion volume, baseline Gd+ lesions, and multi-
ple sclerosis (MS) disease duration, as applicable. A Kaplan-Meier
analysis was used to evaluate time to disability worsening and
time to disability improvement.

Results: The intent-to-treat population (N=222) had early MS
with mean (standard deviation [SD]) time since MS diagnosis of
1.6 (0.8) years and a mean (SD) EDSS score of 2.0 (1.1). Half
(50%) of the patients had not received prior disease-modifying
therapies. At year 2, 76 of 171 patients (44.4%) had achieved
NEDA (95% confidence interval [CI]: 37.0%-51.9%), and 131 of
181 patients (72.4%) had achieved clinical NEDA (95% CI:
65.9%—78.9%). A higher proportion of patients without than with
baseline Gd+ lesions (54.7% vs 31.9%) achieved NEDA at year 2
(OR: 2.89; 95% CI: 1.35-6.18; P=0.006). At year 2, patients with
baseline EDSS score <2 had a significantly higher chance of
achieving NEDA than those with baseline EDSS score >2 (OR:
2.33;95% CI: 1.08-5.04; P=0.032). At year 2, a higher proportion
of patients experienced 24-week—confirmed EDSS improvement
than worsening (28.4% vs 14.1%). The serious adverse event pro-
file up to year 2 was consistent with natalizumab’s well-estab-
lished safety profile.

Conclusion: These 2-year results support the effectiveness of
natalizumab in maintaining NEDA in early RRMS patients.

P038

Comparative Effectiveness of Teriflunomide and Dimethyl
Fumarate in Patients with Relapsing-Remitting MS in the
Real-World Teri-RADAR Study

Prof. Robert Zivadinov'?, Dr. Chakkarin Burudpakdee?, Dr.
Michael G Dwyer?, Dr. Niels Bergsland?, Dr. Jeffrey Chavin,
Dr. Karthinathan Thangavelu®, Dr. Matt Mandel* and Prof.
Stanley Cohan’

!Translational Imaging Center at Clinical Translational
Science Institute, Buffalo, NY, 2Buffalo Neuroimaging Analysis
Center, Jacobs School of Medicine and Biomedical Sciences,
University at Buffalo, Buffalo, NY, 3QuintilesIMS, Fairfax, VA,
4Sanofi, Cambridge, MA, >Providence Brain and Spine Institute,
Portland, OR

Background: Teriflunomide and dimethyl fumarate (DMF) are 2
of the oral disease-modifying therapies (DMTs) approved for
relapsing-remitting MS (RRMS). There are currently no head-to-
head trials of oral DMTs for RRMS.
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Objectives: To compare the effectiveness of teriflunomide and
DMF in patients with relapsing forms of MS (RMS) based on
real-world data collected retrospectively in the phase 4 Teri-
RADAR study.

Methods: Teri-RADAR is a retrospective, longitudinal cohort
study of real-world data from 5 US MS centers in patients with
RMS initiating treatment with teriflunomide (n=50) or DMF
(n=50). Patients were age-matched between groups at treatment
initiation. Logistic regression was used to compare the proportion
of patients with new/enlarging T2 or Gd-enhancing (Gd+) T1
lesions, the primary study endpoint. Secondary endpoints included
additional volumetric MRI and clinical outcomes, and safety and
tolerability. Data were collected for the following periods: 618
mo before treatment initiation, treatment start, and follow-up
(9-30 mo after treatment start [9-24 mo for MRI data]).

Results: At treatment initiation, cohorts were similar for age and
Expanded Disability Status Scale score. However, the proportion
of patients with relapse in the previous 18 mo was higher in the
teriflunomide cohort (22%) vs the DMF cohort (10%); annualized
relapse rate (ARR): 0.274 vs 0.083. At follow-up, mean treatment
exposure was 15.2 and 15.7 mo for the teriflunomide and DMF
cohorts, respectively; 30% of teriflunomide-treated patients had
new/enlarging T2 or Gd+ T1 lesions vs DMF-treated patients
(40.0%, odds ratio [95% CI]: 0.62 [0.26, 1.47]; P=0.28).
Annualized percent whole brain volume change (PBVC) was
lower for teriflunomide vs DMF (-0.2% vs -0.5%, respectively,
P=0.02), and fewer teriflunomide-treated patients developed
brain atrophy above the annualized pathological PBVC cut-off of
-0.4% (25.9% vs 58.6%, respectively, P=0.01). Compared with
the pre-treatment period, ARR decreased by 24% in the terifluno-
mide cohort (from 0.274 to 0.209) but increased by 43% in the
DMF cohort (0.083 to 0.119). Treatment-related adverse events
were reported for 24% and 28% of teriflunomide- and DMF-
treated patients, respectively.

Conclusion: Results from this retrospective study indicate that, in
a real-world clinical setting, teriflunomide had superior effective-
ness to DMF on a number of MRI endpoints. These results rein-
force the established real-world effectiveness of teriflunomide 14
mg for the treatment of RRMS.

P039

Safety and Efficacy of Intravenous Cladribine in Multiple
Sclerosis Patients

Dr. Abdul Rahman Alchaki, MD!, Dr. Nidhiben Anadani? and
Dr. Stuart Cook3

!Rutgers University, Clifton, NJ, 2Rutgers University, Newark,
NJ, 3Rutgers, The State University of New Jersey, Newark, NJ

Background: Cladribine is an adenosine analog prodrug which is
FDA approved for hairy cell leukemia. Oral and intravenous
forms of Cladribine have also been studied in randomized, pla-
cebo controlled trials for both progressive Multiple Sclerosis and
relapsing remitting MS (RRMS). Recent results of these studies
have shown robust clinical and radiological improvement with
relatively mild side effects. Cladribine is not yet FDA approved
for multiple sclerosis.

Objectives: To evaluate safety and efficacy of IV Cladribine in a
small cohort of relapsing remitting and progressive MS patients
who have failed first or second line disease modifying therapy
(DMT).

http://journals.sagepub.com/home/msj



ACTRIMS 24(S1)

29

Methods: We conducted a retrospective cohort chart review of 28
patients with Multiple Sclerosis who received IV Cladribine
between 1/1/1990 to 12/31/2016 at the University Hospital,
RUTGERS, in Newark USA. Disease course of MS, number of
clinical attacks before and after Cladribine, MRI variables (new
T2 lesions and T1 gadolinium enhancing lesions before and after,
walking status, total lymphocyte count and any side effects were
reported.

Results: Of 28 patients with MS who received IV Cladribine, 64
% were female and 86% were diagnosed with MS at age of 19 to
40. The median age at diagnosis was 26 years old, and the median
age to receive the first dose of Cladribine was 36.5. The mean
duration of MS prior to receiving Cladribine was 10.3 years. 60%
of our patients had RRMS and 30% had SPMS. 93% of Patients
tried at least 2 DMT before starting Cladribine. The annual relaps-
ing rate for patients whom received >1 Cladribine cycle was 0.38
while before Cladribine the annual relapsing rate was 0.6 (P=
0.0024). The mean number of clinical relapses within one year for
patients who received Cladribine was 0.095 while before cladrib-
ine the mean number of clinical relapse was 0.9 (P=0.0004). The
number of enhancing lesions on the MRI brain within a year post
Cladribine dose was less by 40% (2.46 before cladribine, 1.46
after). 93% (26 of 28 patients) had no significant side effects. Two
patients had complications, one had a recurrent UTI and the sec-
ond one has ophthalmic zoster, without evidence of visual
problems.

Conclusion: While our study is a pre and post therapy, non-rand-
omized and non-blinded study, it showed that intravenous
Cladribine was both effective and relatively safe. There is statisti-
cally significant reduction in the annual relapsing rate and the
mean number of clinical relapses after receiving Cladribine. The
side effects were relatively safe.

P040

Ory-2001 in Multiple Sclerosis: First Clinical Trial of a Dual
Lsd-1/MAO-B Inhibitor

Dr. Roger A Bullock, MD!, Dr. Tamara Maes? and Dr. Carlos
Buesa?

1Oryzon Genomics SA, Barcelona, Spain, ?°ORYZON
GENOMICS S.A., Cornella de Llobregat, Spain

Background: There is increasing evidence for the role of epige-
netics in central nervous system (CNS) disorders. Multiple sclero-
sis (MS) is a chronic immune disorder associated with irreversible
progression of disability. Phase I studies of ORY-2001 are com-
plete in human volunteers; showing the drug to be safe, well toler-
ated and engaging target at a low dose range. Preclinical work
shows upregulation of genes involved in neuroprotection and
reduction of neuro-inflammation, with improved clinical scores
on the experimental autoimmune encephalomyelitis (EAE) mouse
model with greatly reduced infiltration of inflammatory cells in
histopathological analysis. While new compounds have been
approved for MS in recent years, ORY-2001 is an oral small mol-
ecule, with a very clean pharmacology and safety profile in
humans and preclinical data suggesting neuroprotective activity,
an aspect still undermanaged with current treatments. Thus ORY-
2001 is an ideal compound to test in MS.

Objectives: To test the safety and tolerability of ORY-2001 over
36-weeks in a phase Ila double-blind study of 24 patients with
either relapsing-remitting (RRMS) or secondary progressive
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(SPMS) and seeking signals of efficacy using recognized research
measures.

Methods: Patients from four Spanish centers will be randomized
to two doses of ORY-2001 and placebo (9/9/6). The primary out-
come will be safety and tolerability, the secondary outcome, dif-
ferences in inflammatory magnetic resonance imaging (MRI)
measures compared to placebo. Exploratory measures will be
MRI measures of focal/diffuse lesions, optical coherence tomog-
raphy (OCT) of diffuse lesions, clinical scales and serum
neurofilaments.

Results: Will be reported at study end. Primary endpoints will be
frequency and severity of adverse events. The secondary endpoint
will be the cumulative number of combined unique active lesions
and exploratory outcomes include number of T1 Gd-enhancing
lesions, change in brain volume, changes in retinal nerve layer
thickness, number of relapses and serum neurofilament light chain
level.

Conclusion: ORY-2001 will start its first study in patients with
RRMS and SPMS in the fourth quarter of 2017. Preclinical and in
vivo studies suggest the combined reduction in inflammation and
neuroprotection, along with the safe and effective profile from
phase I offer the possibility of ORY-2001 to be the first epigenetic
compound to be a therapeutic option that manages several of the
pathological components in MS.

P041

Limited Impact of Long-term Teriflunomide Treatment

on Lymphocyte Counts and Infection Rates in the Pooled
TEMSO and TOWER Core and Extension Trials

Prof. Giancarlo Comi, MD!, Prof. Aaron Miller2, Dr.

Myriam Benamor?, Dr. Philippe Truffinet?, Dr. Karthinathan
Thangavelu?, Dr. Matt Mandel* and Dr. Mark S Freedman, MSc.
MD?

!University Vita-Salute San Raffaele, Milan, Italy, *Icahn School
of Medicine at Mount Sinai, New York, NY, 3Sanofi, Chilly-
Mazarin, France, ‘Sanofi, Cambridge, MA, ’University of
Ottawa and the Ottawa Hospital Research Institute, Ottawa, ON,
Canada

Background: In TEMSO (NCT00134563) and TOWER
(NCTO00751881) core trials, teriflunomide was associated with
lymphocyte count reductions within the first 3 months, yet mean
counts remained within normal range. In the long-term extensions
(TEMSO: NCT00803049), low-grade lymphopenia was uncom-
mon and not associated with increased risk of infection.
Objectives: To describe lymphocyte counts and infection rates in
teriflunomide-treated patients in TEMSO and TOWER core and
extension trials.

Methods: Data from pooled core trials are reported for placebo-
or teriflunomide 14 mg-treated patients. In the extensions, pla-
cebo-treated patients were re-randomized to teriflunomide; results
from pooled core and extension trials are reported for the teriflu-
nomide 14-mg group. Lymphocyte counts were obtained every 2
weeks up to Week 24, then every 6 weeks until study end.
Lymphopenia (2 consecutive lymphocyte counts below lower
limit of normal) was graded by Common Terminology Criteria for
AEs.

Results: Cumulative exposure to teriflunomide 14 mg in pooled
core and extension trials (n=1354) was 4449 patient-years. In the
core trials, placebo- (n=745) or teriflunomide- (n=729) treated
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patients experienced Grade 1 (0.7%/2.1%) and 2 (0.5%/1.4%)
lymphopenia infrequently. Infections occurred in 40.0% and
75.0% of placebo- and 73.3% and 20.0% of teriflunomide-treated
patients with Grade 1 and 2 lymphopenia, respectively. No
patients with Grade 1 and 1 placebo-treated patient with Grade 2
lymphopenia had a serious infection. In combined core and exten-
sion trials, few teriflunomide-treated patients experienced Grade
1 (3.0%) or 2 (2.5%) lymphopenia; infections were reported in
62.5% and 55.9% of these patients, respectively, vs 56.1% of
patients without lymphopenia. Serious infections occurred in
patients without lymphopenia (3.7%) and those with Grade 1
(2.5%) or 2 (8.8%) lymphopenia. No Grade 3 or 4 lymphopenia
was reported. At baseline, mean lymphocyte counts were 1.94,
1.26, and 1.21 x 10%L in patients without lymphopenia, or with
Grade 1 or 2 lymphopenia, respectively. At study end, counts were
1.72, 1.01, and 0.91 x 10%L (mean change from baseline: -0.22,
-0.24, and -0.31 x 10%L), respectively.

Conclusion: In long-term TEMSO and TOWER trials, low-grade
lymphopenia was uncommon, with no reports of high-grade lym-
phopenia. Infection rates were similar in patients with or without
lymphopenia, consistent with an immunomodulatory mechanism
of action of teriflunomide with limited impact on protective
immunity.

Study supported by Sanofi.

P042

Efficacy and Safety of Daclizumab Beta Vs Intramuscular
Interferon Beta-1a in Patients Previously Treated with Glat-
iramer Acetate in the Decide Study

Dr. Bhupendra Khatri, MD!, Prof. Stanley Cohan?, Prof. Tjalf
Ziemssen?, Prof. Corey Ford, MD, PhD*, Prof. Douglas L.
Arnold, MD%¢, Dr. Randy R Robinson, PhD’, Ms. Katherine
Riester, MPHS®, Dr. Sami Fam, PhD? and Dr. Giorgio
Giannattasio, MD, PhD?

!Center for Neurological Disorders and The Regional Multiple
Sclerosis Center, Wheaton Franciscan Health Care, Milwaukee,
WI, ?Providence Brain and Spine Institute, Portland, OR,
3Center of Clinical Neuroscience, Carl Gustav Carus University
Hospital, Dresden, Germany, *University of New Mexico,
Albuguerque, NM, >SMcGill University, Montréal, QC, Canada,
’AbbVie Inc., Redwood City, CA, Biogen, Cambridge, MA

Background: In phase 3 DECIDE, daclizumab beta (DAC BETA)
150mg demonstrated greater efficacy vs intramuscular (IM) inter-
feron (IFN) beta-1a 30mcg on several clinical, radiographic and
patient-centered outcomes in patients with relapsing-remitting
multiple sclerosis (RRMS).

Objectives: To examine efficacy and safety of DAC BETA vs IM
IFN beta-1a in the subgroup of RRMS patients treated with glati-
ramer acetate (GA) as their only previous disease-modifying ther-
apy (DMT) before entering DECIDE.

Methods: In DECIDE, 1841 RRMS patients (age 18-55y, base-
line Expanded Disability Status Scale score 0-5.0) were rand-
omized (1:1) to receive DAC BETA 150mg subcutaneous every 4
weeks (n=919) or IFN beta-1la 30mcg IM weekly (n=922) for
96-144 weeks. Efficacy endpoints and safety outcomes were
examined post hoc in patients with MS who had received GA as
their only DMT before enrollment in DECIDE (n=92). Study pro-
tocol required that such patients were not to be exposed to GA
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within 30 days prior to baseline. Missing data for MRI were
imputed using multiple imputation.

Results: 42/922 (5%) IM IFN beta-1a and 50/919 (5%) DAC
BETA patients had received treatment with GA only prior to
DECIDE. Baseline characteristics were balanced between treat-
ment groups, including duration of prior treatment with GA, rea-
sons for discontinuing GA and time between GA discontinuation
and start of treatment in DECIDE. The annualized relapse rate
was 42% lower in patients treated with DAC BETA vs IM IFN
beta-1a (Rate ratio [95%CI], 0.58 [0.29, 1.14]). DAC BETA also
reduced risk of relapse by 53% (Hazard ratio [95%CI], 0.47 [0.23,
0.99]; p=0.048) and the mean number of new/newly enlarging
T2-hyperintense lesions at Week 96 by 58% (lesion mean ratio,
0.42 [95%CI: 0.20, 0.87]; p=0.021) vs IM IFN beta-1a. In patients
treated with GA only before DECIDE, 98% of IM IFN beta-1a
patients and 94% of DAC BETA patients reported any adverse
event (AE), 2% of IM IFN beta-la and 16% of DAC BETA
patients had a serious AE (excluding MS relapse; n=1 for each
SAE reported in either treatment group), and 10% of IM IFN beta-
la and 12% of DAC BETA patients discontinued treatment due to
an AE (excluding MS relapse). Incidence of elevations of ALT or
AST >3x ULN (>5x ULN) was 10% (0%) in the IM IFN beta-1a
group and 8% (4%) in the DAC BETA group.

Conclusion: Results of this post hoc analysis are consistent with
those observed in the DECIDE general population and support the
clinical utility of DAC BETA in patients previously exposed to GA.

P043

Flex-201: A Multicenter, Randomized, Blinded Study to Eval-
uate the Utility of FLX-787 in Treating MS Spasticity

Dr. Glenn Short, PhD, Ms. Brooke Hegarty, MSHS, Ms. Jennifer
Szegda, Dr. David Golod, PhD, Dr. William McVicar, PhD and
Dr. Tom Wessel, MD, PhD

Flex Pharma, Boston, MA

Background: a-Motor neurons are considered the ‘final common
pathway’ for all motor commands. Diseases, such as ALS, CMT
and MS can alter the degree of motoneuron excitability and cause
aberrant o-motor neuron output that leads to a breakdown in
motor control resulting in spasticity, muscle cramps and/or
spasms. FLX-787 is a TRPA1/TRPV1 ion channel co-activator
that is efficacious in decreasing the intensity of electrically-
induced muscle cramps or the frequency of nocturnal leg cramps.
Activation of TRP ion channels by FLX-787 causes excitatory
sensory input which stimulates brainstem nuclei, and which is
believed to subsequently activate descending spinal tracts that
inhibit motoneuron hyperexcitability, reducing muscle cramps. To
understand how inhibition of a-motor neuron hyperexcitability
might impact spasticity, the exploratory study, Flex-201, was initi-
ated in MS patients to evaluate the safety and efficacy of FLX-787
in an indication where spasticity is prevalent.

Objectives: Assess the efficacy of FLX-787 as measured by: 1.)
cramp/spasm frequency; 2.) Modified Ashworth Scale; 3.) Tardieu
Scale; 4.) Numerical Rating Scale; 5.) Barthel Activities of Daily
Living; 6.) Timed 25-Foot Walk; 7.) Clinical Global Impression;
8.) Quality of Life questionnaires (SF-36 and MSSS-88); and 9.)
the Insomnia Severity Index Sleep Survey.

Methods: Flex-201 is a multicenter, randomized, blinded, cross-
over study in subjects with MS and symptoms of spasticity,
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spasms and cramps (n~45-55 subjects). After a 2-week Run-in
period to establish baseline spasticity and cramp/spasm frequency,
subjects were dosed with either FLX-787 or control for 14-days
followed by a 7-to-14 day wash-out period and then crossed-over
for an additional 14-days on the other treatment.

Results: In this exploratory study, FLX-787 will be assessed on
both the initial parallel portion of the study and crossover period.
An interim analysis of the run-in portion of the study revealed that
pain experienced by subjects was correlated with both cramps/
spasms as well as self-reported stiffness.

Conclusion: Results in human studies suggest that repeat dosing
of FLX-787 increases inhibitory tone in spinal circuits, thereby
limiting muscle cramps, and may have the potential to improve
spasticity and associated pain.

P044

Real-World Experience with Ocrelizumab

Dr. Brandon P Moss, MD, Dr. Erica Utigard, DO, Dr. Laura E
Baldassari, MD, MHS, Dr. Jeffrey A. Cohen, MD and Dr. Daniel
D. Ontaneda, MD, MSc

Cleveland Clinic, Cleveland, OH

Background: The efficacy and safety of ocrelizumab were dem-
onstrated in three phase 3 randomized controlled trials. This study
evaluates the generalizability of those findings to a real-world
setting.

Objectives: To evaluate the effectiveness, safety and tolerability
of ocrelizumab in clinical practice at a large referral center for MS.
Methods: This study is a prospective longitudinal cohort study.
Subjects were identified by chart review and data was abstracted
from the electronic medical record. For inclusion, participants had
to be adults age 18-75, start ocrelizumab after the regulatory
approval date, be followed clinically for at least 6 months prior to
starting ocrelizumab, and have a confirmed diagnosis of MS.
Demographic data, disease course, disease duration, prior disease
modifying therapies, baseline and monitoring MRIs, screening
and monitoring laboratory assessments, infusion-related reactions
(IRRs), on-treatment side effects, and quantitative neuro-perfor-
mance and patient reported outcomes were collected.

Results: To date, we have reviewed the records of 63 patients and
anticipate the inclusion of over 150 patients in this study. Of the
patients analyzed, 56% (n=22) had relapsing-remitting MS
(RRMS), 26% (n=10) had secondary progressive MS (SPMS),
and 18% (n=7) had primary progressive MS (PPMS). Demographic
data was similar to the clinical trial populations with 64.1%
women and a median age of 44. Median disease duration was 10
years for PPMS, 8 years for RRMS, and 18.5 years for SPMS. In
the 6 months prior to starting ocrelizumab, 10.3% of patients had
a clinical relapse. There were new or enhancing MRI lesions for
33.3% of PPMS patients, 40.9% of RRMS patients, and 20% of
SPMS. 50% of PPMS and 70% of SPMS patients started ocreli-
zumab because of disability progression, whereas 40.9% of
RRMS patients started ocrelizumab because of new or enhancing
MRI lesions and another 40.9% because of their JC virus status.
12.9% of patients had a mild IRR during one of the first two infu-
sions (itching, rash, throat irritation, and vomiting).

Conclusion: Patients started on ocrelizumab at our center were
similar to the clinical trial populations, but disease duration was
longer for PPMS and RRMS patients. 12.9% of patients had an
IRR during one of the first two infusions. This was lower than the
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numbers reported for clinical trials (34.3% and 39.9%), but
patients were followed for a shorter period of time.

P045

Annual Relapse Rates (ARR) in Patients with Spinal Pro-
gressive Multiple Sclerosis Treated with MD1003 (High-Dose
Pharmaceutical Biotin)

Dr. Olivier Morteau!, Dr. Robert Lasser!, Dr. Frédéric Sedel!,
Dr. Guillaume Brion!, Prof. Ayman Tourbah? and Dr. Olivier
Simon!

!MedDay Pharmaceuticals, Paris, France, ?Hopital Maison
Blanche, Reims, France

Background: MS-SPI was a 12-month (M), double-blind, rand-
omized, placebo-controlled study evaluating the efficacy and
safety of MD1003 (high-dose pharmaceutical biotin) in patients
with non-active progressive multiple sclerosis (PMS), followed
by an open-label extension phase where all patients received
MD1003.

Objectives: To evaluate in patients from the MS-SPI study the
annual MS relapse rate (ARR) in relation to the phase of the study
and to the type of PMS. The ARR is a commonly reported out-
come for MS.

Methods: The ARR were first evaluated separately and compared
for the 12-month double-masked phase (MO to M12; n=154) and
the 24-month extension phase (M12 to M36; n=133). The ARR
were then evaluated per PMS history (secondary PMS [SPMS]
and primary PMS [PPMS]) for both study phases.

Results: The ARR were similar in the 12-month double-masked
phase in the MD1003 group (0.085; n=103) and placebo group
(0.089; n=51), and to those in the 24-month extension phase in the
MD1003 group (0.093; n=91) and the placebo group (0.070;
n=42). The ARR in placebo groups during the 12-month double
masked phase was similar between SPMS (0.123; n=38) and
PPMS subgroups (0.093; n=13), which highlights the homogene-
ity of the PMS population, regardless of the disease history. In
patients with SPMS, there was a slight ARR increase between the
double-masked phase and extension phase in patients continuing
MD1003 (0.076 [n=61] to 0.111 [n=50]), and a slight ARR
decrease in patients who switched from placebo to MD1003
(0.0123 [n=38] to 0.075 [n=32]). In patients with PPMS, there
was a slight ARR decrease between the two phases in both patients
continuing MD1003 (0.098 [n=42] to 0.068 [n=41]) and those
who switched from placebo to MD1003 (0.093 [n=13] to 0.054
[n=10]). ARR values were within normal range.

Conclusion: In patients with PMS from the MS-SPI study, the
annual MS relapse rate is not influenced by exposure to MD1003
or by MS history (SPMS or PPMS).

P046

MD1003 (High-Dose Pharmaceutical Biotin) for the Treat-
ment of Progressive Multiple Sclerosis: Baseline Data and
Results from an Early Access Program

Prof. David Brassat, MD!, Prof. Patrick Hautecoeur?, Dr.
Frangoise Durand-Dubief?, Dr. Giovanni Castelnovo?*, Dr.
Nathalie Derache?, Dr. Bertrand Bourre®, Dr. Cécile Donze?, Dr.
Jean-Christophe Ouallet’, Dr. Nicolas Collongues®, Dr. Olivier
Simon?®, Dr. Guillaume Brion®, Dr. Frédéric Sedel®, Dr. Patrick
Vermersch, MD!?, Dr. Robert Lasser® and Dr. Olivier Morteau®
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!University Hospital of Toulouse, Toulouse, France,
2Groupement des Hopitaux of the Catholic Institute of Lille,
Lomme, France, 3Pierre Wertheimer Hospital, Rhone, France,
4Caremeau Hospital, Rhone, France, >°CHU de Caen, Caen,
France, °Rouen Normandy University, Rouen Cedex, France,
7University of Bordeaux, Bordeaux, France, $University
Hospital of Strasbourg, Strasbourg Cedex, France, "MedDay
Pharmaceuticals, Paris, France, 1°Université de Lille, Lille,
France

Background: MD1003 (high-dose pharmaceutical biotin) was
granted an early access program called Qizenday® cohort
Authorization for Temporary Use (ATUc) in July 2016, following
a named patient use called nominative ATU (ATUn) granted in
2015 by the French National Agency for Medicines and Health
Products Safety, for treatment of adult patients with primary or
secondary progressive multiple sclerosis (PPMS or SPMS) relapse
free for 1 year.

Objectives: To assess ATUc baseline characteristics; changes in
Expanded Disability Status Scale (EDSS) score, walking distance
(WD) and Clinical Global Impression (CGI) scale; and safety
results between July 13, 2016 and July 12, 2017.

Methods: MD1003 100 mg three times a day was prescribed to
PPMS and SPMS patients. There was no interventional control
in this registry database. The ATUc included 5,483 patients
(61% female) between July 13, 2016 and January 12, 2017
(SPMS: 3,079 [56%]; PPMS: 1,524 [28%]; PMS type not
reported: 880 [16%]); 2,781 patients (51%) already received
MD1003 as an ATUn. Further patients are currently included in
the ATUc. To date, mean baseline values were age: 57 years;
time from diagnosis: 18 years (SPMS: 21 years; PPMS: 13
years); Expanded Disability Status Scale (EDSS) score: 6.1
(SPMS: 6.2; PPMS: 5.9) and walking distance (WD): 218.1m.
Here, we report follow-up changes in EDSS, WD and CGI over
a period of 1 year. Further results covering the period until July
13, 2017, with additional patients and a longer observation
period, will be presented.

Results: To date, efficacy data (mean change EDSS, WD and
CGI) suggest a stabilization for the majority of patients over 1
year, while a small proportion of patients show an improvement or
an aggravation. Safety data were consistent with the MD1003
summary of product characteristics.

Conclusion: In this large cohort of patients, the efficacy and
safety of MD1003 are consistent with those of the MS-SPI trial
results.

P047

Analysis of 6-Month Confirmed Disability Progression in
RRMS Patients Treated with Subcutaneous Interferon Beta-
la

Ms. Schiffon L Wong, MPH!, Ms. Julie Aldrige?, Mr. Robert
Hettle3, Mr. Inderpreet S Khurana* and Mr. Mohd K Siddiqui*
IEMD Serono, Billerica, MA, 2EMD Serono Inc., Billerica, MA,
3SPAREXEL International, London, United Kingdom, PAREXEL
International, Chandigarh, India

Background: Confirmed disability progression (CDP) is a meas-
ure of sustained increase in disability in patients with multiple
sclerosis (MS). The Prevention of Relapses and Disability by
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Interferon B-la Subcutaneously in Multiple Sclerosis Study
(PRISMS-2) examined 3-month confirmed disability progression
(CDP) in patients treated with subcutaneous interferon beta-1a
(scIFNpB-1a) and placebo. As CDP is more robust when assessed
over 6 months, we examined 6-month CDP (6MCDP) at 96 weeks
using data from PRISMS-2.

Objectives: To assess 6-month confirmed disability progression
in relapsing remitting MS patients treated with scIFNB-1a.
Methods: Post-hoc analysis of patients from the PRISMS-2
intention-to-treat population randomized to scIFNB-la 44 pg
(n=184) and placebo (n=187) three times weekly (tiw) for 2 years.
6MCDP was defined as an increase in Expanded Disability Status
Scale (EDSS) score of >1.5 or >1.0 points if baseline EDSS was 0
or >0.5, respectively, sustained over two consecutive visits for >6
months (>166 days). EDSS values obtained from both unsched-
uled and scheduled visits were considered. Patients were catego-
rized into one of three groups at 96 weeks, those with: no EDSS
progression; >1 confirmed EDSS progression; or unknown pro-
gression (patients with no progression but who withdrew from the
study before 83 weeks). The number and percentage of patients in
each category at Week 96 are presented descriptively. Kaplan
Meier survival estimates at the last event were calculated for each
treatment arm, and were analysed using a Cox proportional hazard
model with fixed effects for treatment. Hazard ratios (HR) for the
time to 6-month sustained change in EDSS score and 95% confi-
dence intervals (CI) were calculated.

Results: A greater proportion of patients treated with scIFNf-1a
44 ng tiw were free from 6MCDP at 96 weeks than placebo: 100
(54.3%) vs 68 (36.4%), respectively. Four (2.2%) and seven
(3.7%) patients had unknown progression in the scIFNB-1a 44 pg
tiw and placebo groups, respectively. At Week 96, there were
fewer cumulative events of 6MCDP with scIFNB-1a 44 pg tiw
(80/184, 0.43; 95% CI 0.36-0.51) than with placebo (112/187,
0.60; 95% CI 0.53-0.67). scIFNB-1a 44 pg tiw led to a 33%
reduction in the risk of 6MCDP compared with placebo: HR 0.67;
95% CI 0.50-0.90; p=0.0068.

Conclusion: In the PRISMS-2 study population, subcutaneous
interferon beta-1a 44 pg tiw was efficacious in delaying 6-month
confirmed disability progression versus placebo.

P048

Effect of MD1003 (High-Dose Pharmaceutical Biotin) for the
Treatment of Progressive MS: 36-Month Follow-up Data
Prof. Sandra Vukusic!, Prof. Jerome de Seze?, Prof. Gilles Edan,
MD?3, Prof. Thibault Moreau?, Prof. Bruno Brochet?®, Dr. Olivier
Simon®, Dr. Robert Lasser¢, Prof. Ayman Tourbah” and Dr.
Olivier Morteau®

!Pierre Wertheimer Hospital, Rhone, France, *University
Hospital of Strasbourg, Strasbourg, France, 3CH Pontchaillou,
Rennes, France, ?University Hospital of Dijon, Dijon, France,
SCHU Pellegrin, Bordeaux, France, ‘MedDay Pharmaceuticals,
Paris, France, "Hopital Maison Blanche, Reims, France

Background: MS-SPI was a 12-month (M), double-blind study
where patients (pts) with non-active progressive multiple sclerosis
(PMS) were randomized to MD1003 or placebo. In the open-label
extension phase, all pts received MD1003.

Objectives: To assess the efficacy and safety of MD1003 over 36
Ms (MD1003>MD1003 [MM] vs placebo>MD1003 [PM]).
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Methods: 154 pts were included from M0-M9 (MD1003: 103;
placebo: 51) and 133 pts were included from M12-M36 (MM: 91;
PM: 42). At M12, M24, and M36, we analyzed confirmed
Expanded Disability Status Scale (EDSS) score or timed 25-foot
walk (TW25) improvement; mean EDSS change from baseline
(mEDSS); TW25 evolution; and Clinician and Subject Global
Impression (CGI and SGI) scales.

Results: EDSS or TW25 improvement was significantly higher
for MM vs PM pts at M9 (13% vs 0%, P<0.05; confirmed at 3
Ms); the trend was similar at M18 (13% vs 7%) and M30 (10% vs
2%; both confirmed after 6 Ms).

mEDSS slightly decreased in MM and worsened in PM pts at
M12 (-0.03 vs 0.13, P=0.01). When all pts were treated with
MD1003 after M12, mEDSS remained stable and there was no
significant difference between groups (M24: 0.04 vs 0.15, P=0.13;
M36: 0.09 vs 0.18, P=0.35). However, the 2 mEDSS evolution
curves remained parallel, suggesting that earlier treatment leads to
a lower disability at M36.

The proportion of pts unable to complete TW25 (or with time
>180 sec) increased in both groups before M12, with a trend for
less increase in MD1003-treated pts (baseline: 1% vs 2%; M12:
6% vs 19%). This proportion remained quite stable in all pts in
Year 2 (M24: 13% vs 20%) and in MM pts in Year 3, but increased
again in PM pts in Year 3 (M36: 13% vs 30%).

CGI and SGI results were significantly better in favor of the
MD1003 group at M12 (CGI: 4.05 vs 4.62, P<0.0001; SGI: 4.27
vs 4.76, P=0.009). After M12, scores remained stable for MM pts
and improved for PM pts; the difference was no longer significant
at M24 (CGI: 4.17 vs 4.21, P=0.93; SGI: 4.47 vs 4.41, P=0.75) or
M36 (CGI: 4.11 vs 4.09, P=0.88; SGI: 4.11 vs 4.03, P=0.86).

At M36, adverse events were experienced by 67% of MM pts vs
79% of PM pts.

Conclusion: These results indicate that MD1003 effects seem
sustainable over time; disease progression halts when pts switch
from placebo to MD1003; delayed treatment in PM pts results in
higher disability over time; and MD1003 is well tolerated over
36 Ms.

P049

Effect of MD1003 (High-Dose Pharmaceutical Biotin) in
Spinal Progressive Multiple Sclerosis (MS-SPI): Subgroup
Analyses

Prof. David-Axel Laplaud', Dr. Olivier Gout?, Prof. Pierre
Clavelou3, Prof. Jean Pelletier?, Dr. Olivier Simon>, Dr. Frédéric
Sedel’, Prof. Ayman Tourbah®, Dr. Robert Lasser® and Dr.
Olivier Morteau’®

!CHU de Nantes, Nantes, France, >Fondation Adolphe de
Rothschild, Paris, France, SCHU de Clermont-Ferrand,
Clermont-Ferrand, France, “AP-HM Hopital de la Timone,
Marseille, France, "MedDay Pharmaceuticals, Paris, France,
SHopital Maison Blanche, Reims, France

Background: MS-SPI was a 12-month (M), double-blind, rand-
omized, placebo-controlled study evaluating the effect of MD1003
on patients with non-active progressive multiple sclerosis (PMS;
n=154), followed by an open-label extension phase where all
patients received MD1003. The results indicated at 9 months a
statistically significant 3 month confirmed improvement of
patients in the MD1003 group compared with the placebo group,
using the Expanded Disability Status Scale (EDSS) score.

http://journals.sagepub.com/home/ms;j

Objectives: Subgroup analyses were performed in the main phase
of the study to determine if only certain subgroups of patients ben-
efit from MD1003 treatment.

Methods: The global population (n=154) was split into the fol-
lowing subgroups of interest: EDSS score, low (4.5-5.5; n=35) or
high (6-7; n=119); concomitant use of fampridine (n=72) or not
(n=82); primary progressive MS (PPMS; n=55) or secondary
PMS (SPMS; n=99); concomitant use of disease-modifying ther-
apy (DMT; n=61) or not (n=93); and undergoing new intensive
physical therapy during the study (n=29) or not (n=125). Analyses
of both observed and imputed data were performed on these
covariates using van Elteren tests and mixed models. A forest plot
analysis of the treatment’s effect in different subgroups using a
mixed model has been performed.

Results: When adjusting for different baseline covariates, MD1003
effect is statistically significant for the whole population. The
P-values for the change in EDSS from baseline to M12 in the
intention-to-treat population (observed data, imputed data) were
EDSS score: 0.0181, 0.0604; fampridine use: 0.0083, 0.0304;
PMS type: 0.0056, 0.0407; DMT use: 0.0098, 0.0407; undergoing
physical therapy: 0.0092, 0.0390; mixed model analysis of EDSS
score / fampridine use / PMS type / DMT use: 0.0866, 0.0733; and
mixed model analysis of MS type / DMT / physical therapy:
0.0438, 0.0345.

The forest plot analysis showed that whatever the subgroup stud-
ied, the results systematically favored MD1003 over placebo.
Although the relatively small numbers of patients in some of the
subgroups precluded statistical significance, the same trends were
observed among all different subgroups.

Conclusion: There is no evidence that a specific subgroup did not
benefit from MDI1003 treatment in patients included in the
MS-SPI trial.

P050

Effect of Ocrelizumab on Severe Progression of Upper
Extremity Impairment in Patients with Primary Progressive
Multiple Sclerosis in ORATORIO

Dr. Edward J Fox, MD, PhD!, Dr. Clyde Markowitz, MD?, Dr.
Angela Applebee, MD3, Prof. Xavier Montalban?, Prof. Jerry

S Wolinsky, MD?, Dr. Shibeshih Belachew, MD, PhD¢, Dr.
Damian Fiore, PhD’, Ms. Jinglan Pei, MS7, Dr. Bruno Musch
MD, PhD7 and Prof. Gavin Giovannoni, MBBCh, PhD, FCP#
!Central Texas Neurology Consultants, Round Rock, TX,
2Perelman School of Medicine, University of Pennsylvania,
Philadelphia, PA, 3St. Peter’s Health Partners, Albany, NY, Vall
d’Hebron University Hospital, Barcelona, Spain, >McGovern
Medical School, UTHealth, Houston, TX, °F. Hoffmann-La Roche
Ltd, Basel, Switzerland, "Genentech, Inc., South San Francisco,
CA, 8Queen Mary University of London, London, United Kingdom

Background: Upper extremity (UE) functional impairment is
prevalent in primary progressive multiple sclerosis (PPMS) and
alters patients’ quality of life. The nine-hole peg test (9HPT) is a
validated quantitative assessment of UE function in MS.
Ocrelizumab (OCR) reduced the risk of >15%, >20% and >25%
confirmed progression (CP) of UE disability, assessed by 9HPT,
relative to placebo in the ORATORIO PPMS study.

Objectives: To further evaluate the effect of OCR on UE function
in patients with PPMS in the ORATORIO study using higher
thresholds of UE disability progression.
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Methods: The 9HPT was administered at baseline (BL) and every
12 weeks until the end of the study. The average BL 9HPT times
from two trials of the dominant and nondominant hands were
compared; the hand with the lower time was termed “better hand
(BH),” and the hand with the higher time was termed “worse hand
(WH).” The average BL 9HPT times were further combined and
termed “both hands (2H).” Time to CP in UE function, defined as
>30% or >35% increase in 9HPT time from BL, confirmed for 12
and 24 weeks, was assessed in the intention-to-treat (ITT) popula-
tion (placebo [PBO]: n=244; OCR: n=488) and the subgroups of
patients with BL Expanded Disability Status Scale (EDSS) scores
0f <6.0 (PBO: n=163; OCR: n=348) and >6.0 (PBO: n=81; OCR:
n=139).

Results: Compared with PBO, OCR reduced the risk of 12- and
24-week CP of >35% increase on 9HPT time by 49% (HR: 0.512;
p=0.002) and 41% (HR: 0.592; p=0.027) for 2H, 26% (HR: 0.736;
p=0.16) and 40% (HR: 0.604; p=0.033) for BH and 50% (HR:
0.496; p<0.001) and 48% (HR: 0.519; p=0.002) for WH in the ITT
population. In patients with BL EDSS <6.0, the reduction in risk
of CP with OCR was 49% (HR: 0.515; p=0.039) and 35% (HR:
0.655; p=0.26) for 2H, 23% (HR: 0.771; p=0.40) and 42% (HR:
0.576; p=0.11) for BH and 49% (HR: 0.506; p=0.020) and 50%
(HR: 0.502; p=0.025) for WH. In patients with BL EDSS >6.0, the
reduction in risk of CP with OCR was 41% (HR: 0.587; p=0.069)
and 35% (HR: 0.650; p=0.16) for 2H, 19% (HR: 0.811; p=0.50)
and 26% (HR: 0.735; p=0.35) for BH and 42% (HR: 0.575;
p=0.044) and 38% (HR: 0.617; p=0.096) for WH. Similar trends
were observed in analyses of 12- and 24-week CP on 9HPT of
>30% increase.

Conclusion: In this post hoc set of analyses, OCR treatment
appeared to lower the risk of progression of more severe UE dis-
ability on 9HPT compared with PBO in patients with PPMS for
both hands, better hand and worse hand.
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Effect of MD1003 (High-Dose Pharmaceutical Biotin) in
Spinal Progressive Multiple Sclerosis (MS-SPI): EDSS Sub-
Scores

Dr. Caroline Papeix!, Dr. Christine Lebrun-Frenay?, Prof. Gilles
Defer?, Prof. Pierre Laubage*, Dr. Marta Ruiz>%7, Dr. Olivier
Simon’, Dr. Frédéric Sedel’, Prof. Ayman Tourbah?, Dr. Robert
Lasser’ and Dr. Olivier Morteau’

Pitié-Salpétriere Hospital, Paris, France, Université Coté
d’azur, Nice, France, *CHU de Caen, Caen, France, *CHU de
Montpellier, Montpellier, France, "MedDay Pharmaceuticals,
Paris, France, %Sorbonne Universites, Paris, France, "Hopital
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Reims, France

Background: The MS-SPI study is a double-blind, randomized,
placebo-controlled trial of MD1003 in patients (pts) with progres-
sive, not clinically active multiple sclerosis and evidence of spas-
tic paraparesis. It showed a reversal of Expanded Disability Status
Scale (EDSS) score and/or timed 25-foot walk (TW25) in 12.6%
of MD1003 pts vs 0 placebo pts (P=0.005) at 12 months (M).
Objectives: To measure EDSS sub-scores for each of the pts
included in the main phase of MS-SPIL.

Methods: In each of the 154 pts included in the study, EDSS sub-
scores were recorded for each of the following functional systems
(FSs): pyramidal (P), sensory (S), cerebellar (C11), visual (V),
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brainstem (BS), bowel and bladder (BB), and cerebral (Cb).
Change in sub-score from baseline at each visit was used to define
pts as responders (improved) or worsened, depending on whether
the score was lower or higher than baseline.

Results: Disability was well balanced in each arm, and only a
small proportion had major disability (score >3), other than for the
P FS. The most common baseline sub-scores (percentage of pts)
were P: 3—4 (~90%); S: 2-3 (~70%); C11: 2-3 (~70%); V: 0-2
(~60%); BS: 0-2 (~50%); BB: 1-2 (~70%); and Cb: 0-2 (~50%).
P scores were >4 in 36% of MD1003 pts at baseline and 35% at
MI12, and in 43% of placebo pts at baseline and 53% at M12.
Between M9 and M12, 10% of MD1003 pts and 2% of placebo
pts were responders, while 6% of MD1003 pts and 13% of pla-
cebo pts worsened.

S scores were >4 in 3% of MD1003 pts at baseline and 2% at
M12, and in 4% of placebo pts at baseline and 11% at M12.
Between M9 and M12, 18% of MD1003 pts and 16% of placebo
pts were responders, while 9% of MD1003 pts and 31% of pla-
cebo pts worsened.

For other FSs, the percentage of pts defined as responders/wors-
ened was similar in each arm. For Cb, BS, and V, the majority of
pts had no impairment or had mild to moderate disability. For C11
and BB, the majority of pts had symptoms but only mild to moder-
ate impairment. However, BB scores between M9 and M12
showed that 10% of MD1003 pts and 13% of placebo pts were
responders and 18% of MD1003 pts vs 27% of placebo pts
worsened.

Conclusion: For P and S scores, these results show improvement
in the MD1003 group and worsening in the placebo group.
Improvement in the active arm fits with the positive effect on
EDSS scores and TW25. Pts included in the study exhibited high
baseline P and S scores, while those of other FSs were mild to
moderate and, thus, had less scope to improve.

Diagnostic Criteria and Differential
Diagnosis
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Mc Ardle Sign: A Specific Sign of Multiple Sclerosis

Prof. Brian G Weinshenker, MD!, Dr. Filippo Savoldi, MD?, Dr.
Zahra Nasr, MD!, Dr. Nathan Schilaty', Ms. Adriana Delgado',
Dr. Jay Mandrekar!, Prof. Kenton Kaufman' and Mr. Lawrence
Berglund!

Mayo Clinic, ROCHESTER, MN, 2Vita-Salute San Raffaele
University, Milano, Italy

Background: McArdle’s Sign (McS) refers to rapidly reversible
motor weakness induced by head flexion in patients with multiple
sclerosis (MS).

Objectives: We quantified McS in finger extensors using a torque
measuring device and assessed its specificity for MS.

Methods: We enrolled 25 healthy controls (HC) and 76 patients
with detectable finger extensor weakness, 52 with MS, 24 with
other myelopathies (OM), 5 with peripheral nerve lesions (PNL);
patients were not selected for having McS. We evaluated McS
blinded to diagnosis by measuring change in finger extensor
strength in successive trials of head extension and flexion, first
clinically and then with a torque measuring device. McS was
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clinically rated from 0 (absent) to 3 (marked). In the quantitative
measurement, the patient applied maximum extension strength of
4 fingers on a bar using isometric (against fixed object) and isoin-
ertial (against a constant resistance) maneuvers; we averaged the
percentage decrease in strength over 4 trials.

Results: Baseline strength was similar in the 3 patient groups. The
median clinical McS was 1 (range 0-3) in MS patients, 0 (0-2) in
OM, 0 (0-1) in HC and 0 in all PNL (p<0.001). The isometric and
isoinertial maneuvers provided similar quantitative results, but the
isoinertial maneuver had superior diagnostic performance. Head
flexion resulted in 17% (£17%) isoinertial strength reduction in
MS patients versus 1% (£6%) in OM, 1% (+5%) in HC and -3%
(x10%) in PNL (p<0.0001). A multivariate regression analysis
eliminated confounding by baseline strength. Receiver operator
curves were generated to assess the diagnostic properties of the
test; the area under the curve was 0.82 in MS versus HC and 0.83
in MS versus OM for isoinertial testing. A 10% drop in strength
with flexion was 100% specific and 62% sensitive for MS com-
pared to OM and a 6% drop 92% specific and 73% sensitive for
MS compared to HC. Quantitative McS correlated with clinical
McS by referring physician and technician (r=0.58, p<0.001).
McS correlated with Expanded Disability Status Scale (1=0.41,
p=0.002) and pyramidal score (r=0.49, p<0.001) in patients with
MS, but was evident in some patients in very early phases of MS
and minor disability.

Conclusion: McS, when defined as >10% neck flexion-induced
reduction using isoinertial finger extension on a measurement
device is highly specific and moderately sensitive for a diagnosis
of MS. McS may facilitate diagnosis of MS in certain clinical
situations.

P053

Erdheim Chester Disease Involves Inflammatory CNS Demy-
elination and Atrophy with Macrophage Infiltration

Dr. Rahul H Dave, MD, PHD!2, Ms. Louisa Boyd?, Mr. Kevin
O’Brien?, Dr. Avner Meoded, MD3, Ms. Kavya Mathur?, Dr.
Martha Quezado, MD?, Dr. Elaine Jaffe, MD?, Dr. Tanya Lehky,
MD¥4, Dr. Avindra Nath3, Dr. William Gahl, MD, PHD?, Dr.
Camilo Toro? and Dr. Juvianee I Estrada-Veras, MD®
'VCU/Inova Fairfax College of Medicine, Fairfax, VA, °NIH,
Bethesda, MD, 3Johns Hopkins All Childrens, St Petersburg, FL,
“National Institutes of Health, Bethesda, MD, °>Chief, Section of
Infections of the Nervous System, Bethesda, MD, ‘Walter Reed
Medical Center, bethesda, MD, Yemen

Background: Histiocytoses are characterized by proliferation and
infiltration of myeloid cells (histiocytes or macrophages) into
multiple organs, including the brain. These histiocytes exhibit
both neoplastic and inflammatory characteristics, leading to the
classification of Erdheim-Chester Disease as an inflammatory
neoplasm. When the CNS is prominently affected, the clinical pic-
ture can mimic progressive MS, neuro-sarcoid or glioma. Here,
we describe the clinical, radiologic and pathologic features of
Erdheim-Chester Disease, a treatable histiocytic disorder.
Objectives: To characterize the spectrum of neurologic involve-
ment in Erdheim-Chester Disease

Methods: 61 patients were prospectively enrolled in a natural his-
tory study, and clinical, imaging, laboratory, neurophysiologic,
CSF and pathologic data were collected.

http://journals.sagepub.com/home/ms;j

Results: 92% of patients had neurologic signs or symptoms, and
15% of the cohort presented with neurologic complaints. The
most common findings were cognitive impairment, peripheral
neuropathy, cranial neuropathies and cerebellar ataxia. Imaging
revealed the presence of focal lesions, atrophy and demyelination
(confirmed with diffusion tractography). Lesions were located
throughout the nervous system, including the dura and extra-axial
structures, rarely enhanced, and were variably demarcated.
Pathology revealed lesions containing lipid-laden histiocytes
characteristic of ECD. CSF analysis was consistent with mac-
rophage-driven inflammation.

Conclusion: Erdheim-Chester Disease frequently causes neuro-
logic morbidity and is in the differential of white matter inflam-
matory or neoplastic disorders. Given that diagnosis took a median
of 4.2 years, neurologists play a central role in identifying
Erdheim-Chester Disease and thereby enable timely treatment of
this disease.
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From Balo’s Concentric Sclerosis to Multiple Sclerosis: A
Series of 7 Patients
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Dr. Marc Girard, MD, FRCPC!, Dr. Catherine Larochelle, MD
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Dame, Montréal, QC, Canada, *Clinique de Sclerose en Plaques,
Centre Hospitalier de I’Université de Montréal- |’ Hopital Notre-
Dame, Montréal, QC, Canada, 3Centre de Recherche du Centre
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Background: Balo’s disease is characterized by alternating
lamellae (=1 bands) on MRI and has been mainly described in
case reports and small series. Although association with several
disorders has been reported, the main issue is its relationship with
multiple sclerosis (MS) since it can occur at the onset or during
the evolution of classical MS.

Objectives: To describe clinical (including follow-up), MRI and
biological findings in a single centre (CHUM-Hopital Notre-
Dame, MS Clinic) series of 7 patients with new onset neurological
symptoms and an MRI compatible with Balo’s disease.
Methods: We retrospectively recorded clinical findings and radi-
ological data including T1 (with and without gadolinium), T2,
FLAIR, DWI images. Four patients had spectroscopic analysis
and 2 had perfusion imaging.

Results: Seven patients (6 female/1 male) with a mean age at
onset of 25 years old (18-54) were included. Main symptoms at
onset were hemiparesis and/or hemihypoesthesia in 6/7 and were
multifocal in 1/7. On brain MRI performed 30 days (2-68) after
onset, 3/7 patients had an isolated lesion, whereas 4/7 patients pre-
sented with additional MS-like lesions (median number = 2)
including 2 with multiple concentric Balo’s lesions. Five patients
had concentric rings and 2 had a more complex pattern, made of
parallel lamellae. Alternating bands were more visible on DWI
sequences and corresponding ADC maps, whereas gadolinium
enhancement was seen in 5/7 patients. Spectroscopic analyses dis-
closed an elevated choline/creatine ratio in the 4/4 patients and
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perfusion imaging disclosed low CBV values at the outer layers.
One patient with susceptibility imaging had central hypointensity
within the main lesions. Most of the patients had multiple MRI
during initial screening; it disclosed a progression over more than
2 months in 2/7 patients. CSF analysis disclosed oligoclonal
bands and elevated IgG index in 5/6 patients. Six out of 7 patients
were initially treated (IV steroids in 6 and plasmapheresis in 5/7
and 4/7 patients had prolonged immunomodulatory/immunosup-
pressive treatment. At the end of the follow-up (7 years: 2-10), 6/7
patients had a diagnosis of MS. Overall disability was mild (mean
EDSS 1.75; 0-4) and mean annualized relapse rate was low (0.12).
Conclusion: Our series of 7 patients with thorough MRI evalua-
tion allows a precise description of imaging findings in Balo’s
lesions including a systematic DWI analysis. Moreover, the
extended follow-up data give a new insight into the relationship
between MS and Balo’s disease.

Disease Modifying Therapies-
Mechanism of Action

P055

Global Effect of Dimethyl Fumarate on DNA Methylation in
MS

Dr. Tina Roostaei, MD, MPH!, Dr. Hans-Ulrich Klein, PhD!, Dr.
Daniel Felsky, PhD!, Prof. Howard Weiner, MD?, Dr. Nikolaos
Patsopoulos, MD, PhD? and Dr. Philip De Jager, MD, PhD!
!Columbia University Medical Center, New York, NY, 2Brigham
and Women's Hospital, Harvard Medical School, Boston, MA,
3Brigham and the Women's Hospital, Boston, MA

Background: Dimethyl fumarate (DMF) is an effective first line
treatment in RRMS. However, its mechanism of action is unclear.
Objectives: To investigate the molecular mechanisms underlying
the effect of DMF using whole-genome DNA methylation data.
Methods: CD4+ T cells were purified from blood from 183
RRMS patients (70% female, age: mean £+SD= 40+7) receiving
DMF (n=101) or glatiramer acetate (GA) (n=82). DNA methyla-
tion was measured using [llumina EPIC array. After quality con-
trol, data was normalized using Noob+BMIQ algorithms. Logistic
regression analysis was performed to assess the association
between DNA methylation and treatment using beta values from
481,279 CpG sites with variability>0.01, accounting for the
effects of age and sex.

Results: 52 CpGs passed Bonferroni correction (p<le-7), 14,264
CpGs passed suggestive level of significance (p<5e-5), and
158,831 CpGs had FDR-corrected p<0.05; 91%, 96%, and 91% of
those, respectively, were hypermethylated in patients receiving
DMF. As the data suggested a global hypermethylation pattern in
DMF-treated patients in comparison to GA, we calculated a meas-
ure of global methylation for each individual by averaging the
beta values from all CpGs. Mean methylation was significantly
higher in the DMF group (p=5e-7). We further performed a GWAS
on a subset of samples that had available genotyping data (n=120)
to search for potential genetic modifiers of the effect of treatment
on mean methylation. In patients receiving DMF, rs7572183 G
dosage was associated with higher mean methylation, while this
effect was reverse in the GA group (interaction-p=1.6e-8;
MAF=0.5).
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Conclusion: We suggest global DNA hypermethylation as an
important mechanism underlying the effect of DMF. Our results
are consistent with findings from a previous study with smaller
sample size that demonstrated hypermethylation in a large num-
ber of CpGs in DMF-treated compared to GA-treated and
untreated MS patients (Zhu et al, ACTRIMS 2017). Our results
are further supported by evidence from: 1) tumor cells with intra-
cellular fumarate accumulation as a result of mutation in the
fumarate hydratase gene that show increased global DNA meth-
ylation; 2) experiments demonstrating a dose-related increase in
global DNA methylation in cancer cell cultures exposed to differ-
ent concentrations of fumarate. Further studies are required to
assess whether the change in mean methylation is associated with
response to treatment or DMF side effects, and whether rs7572183
(in the ARHGAP2S5 gene) can predict those effects.
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Modulating Immunity By Targeting GAPDH and Aerobic
Glycolysis
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IJohns Hopkins School of Medicine, Baltimore, MD, *Johns
Hopkins University, Baltimore, MD

Background: Although the mechanism of action of dimethyl
fumarate (DMF, a derivative of the Krebs cycle metabolite fuma-
rate) remains uncertain, it has been shown to covalently modify
cysteine residues - a process termed succination. Endogenous
fumarate attacks cysteines in a similar manner and has been
shown to inactivate the glycolytic enzyme GAPDH by succina-
tion of an active-site cysteine. We hypothesized that DMF simi-
larly targets GAPDH. Because activated myeloid cells and
pathogenic T-cell subsets undergo a requisite metabolic switch to
aerobic glycolysis, we further hypothesized that inhibition of gly-
colysis via GAPDH inactivation mediates the immunologic
actions of DMF.

Objectives: 1) To determine whether DMF and its metabolite
monomethyl fumarate (MMF) succinate/inactivate GAPDH; 2)
To examine the downstream effects on aerobic glycolysis in acti-
vated macrophages/lymphocytes; 3) To determine whether the
effects on GAPDH and glycolysis mediate DMF immunologic
actions.

Methods: Mass spectrometry was used to study modification of
GAPDH by DMF/MMF, with enzyme assays and metabolomics
to evaluate effects on GAPDH activity. Glycolysis was measured
using a Seahorse XF analyzer. In vitro analysis of macrophage/
lymphocyte activation/polarization was combined with experi-
mental autoimmune encephalomyelitis (EAE) to evaluate the
effect of GAPDH inactivation on immunologic actions of DMF.
Results: DMF succinates GAPDH at its catalytic cysteine, both in
vitro and after oral treatment in mice and human MS patients.
Succination of GAPDH markedly diminishes catalytic activity
and down-regulates aerobic glycolysis, with blockade at GAPDH
confirmed by metabolomics. The actions on GAPDH and aerobic
glycolysis mediate the immunologic effects of DMF, as these are
sensitive to glucose concentration and reversed by over-express-
ing GAPDH. Finally, selective GAPDH inhibition is sufficient to
inhibit macrophage activation and attenuate EAE.
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Conclusion: We describe a novel mechanism for DMF that 1)
appears to exploit a physiologic feedback function of endogenous
fumarate and 2) may underlie the differential effects of DMF on
lymphocyte populations in patients, as cells depleted by DMF
(Teff cells) require aerobic glycolysis, while those spared by DMF
(naive and Treg cells) use oxidative phosphorylation. The data
also provide proof-of-principle for metabolism as a viable target
in autoimmunity, suggesting that other strategies aimed at decreas-
ing glucose utilization (including dietary measures) may have a
role in therapy.
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Background: Effector T cells (Teff) cells have been widely
implicated in multiple sclerosis (MS) pathology, entering the
CNS using cellular adhesion molecules (CAMs), leading to
blood-brain barrier (BBB) and blood-meningeal barrier (BMB)
breakdown and inducing lesion formation. Regulatory T cells
(Treg) are one of the key components of immune tolerance, pro-
tecting against autoimmune disease. Previous work demon-
strated that Treg are present in a subset of MS patients and are
capable of producing anti-inflammatory IL-10, thus leaving
open the possibility Treg might be functional. Currently, rela-
tively little is known about how Treg enter the CNS or how they
function within the CNS.

Objectives: To unravel the mechanisms by which Treg migrate
across the blood brain barrier (BBB) or the blood meningeal bar-
rier (BMB) and investigate whether Treg possibly regulate entry
of pathogenic cells through interaction with the BBB, thereby lim-
iting damage. The secondary objective is to investigate whether
either type of MS (CIS, RRMS, SPMS, PPMS) or disease modify-
ing treatments (DMT) commonly prescribed to RRMS patients
have an effect on Treg migratory signature.

Methods: Using FACS, the expression of cellular adhesion mol-
ecules ICAM-1, VCAM-1,ALCAM, CD6, MadCAM and MCAM
has been studied on BMB-EC and BBB-EC of human origin,
treated with various pro- or anti-inflammatory cytokines. Their
presence on the BBB in sifu has been confirmed using confocal
microscopy on MS lesions. The expression of their respective
counter-ligands (LFA-1, VLA-4, ALCAM, CD6, MadCAM and
MCAM) and Treg functional markers ST2L, PSGL-1 and CD147
were assessed on Treg in peripheral blood and CSF of MS patients
using FACS as well.

Results: Pro-inflammatory cytokines induce expression of
ICAM-1, VCAM-1, ALCAM and MCAM on BBB and BMB-EC,
whereas anti-inflammatory cytokines have the opposite effect.
VLA-4 and MCAM are differentially regulated on Treg during
various DMT in MS patients compared to healthy control indi-
viduals. VLA-4, MCAM and CD6 are upregulated on Treg in
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SPMS and untreated RRMS compared to HC. In contrary, Treg
functional markers ST2L and CD147 are downregulated in these
patients compared to HC. In untreated RRMS MCAM, ALCAM
and VLA-4 are higher expressed on Treg in the CSF compared to
the peripheral blood.

Conclusion: Although Treg function seems decreased, a compen-
satory mechanism of upregulating CAMs to aid migration into the
CNS might be at play, even more so since these CAMs are more
upregulated in the CSF compared to peripheral blood.

P058

Dimethyl Fumarate Treatment Alters NK Cell Function in
MS

Mr. Matthew Smith, BS!, Dr. Peter A Calabresi, MD! and Dr.
Pavan Bhargava, MD?

!Johns Hopkins University, Baltimore, MD, >Johns Hopkins
School of Medicine, Baltimore, MD

Background: Dimethyl fumarate (DMF) is commonly used to
treat multiple sclerosis (MS). We and others have demonstrated
effects of DMF on the adaptive immune system. However, the
longitudinal effects on natural killer (NK) cells have not been well
studied.

Objectives: To assess the effects of DMF on the NK cell compart-
ment in MS and to determine the direct effects of DMF and MMF
on NK cells.

Methods: We enrolled patients with RRMS initiating DMF and
obtained PBMCs at baseline and 6-months post-treatment initia-
tion. We performed multiparametric flow cytometry to identify
immune cell subsets — NK cells, CD56ight NK cells, CD4+ and
CD8+ T cells. We also examined T cell memory and cytokine pro-
duction. We compared pre- and post-treatment immune cell subset
proportions. We then examined correlation between changes in
CD56Pight NK cells and other immune cell populations.

To understand the effects of DMF and MMF on NK cells we iso-
lated NK cells from healthy donors by negative selection and
treated them in vitro with DMF or MMF and measured changes in
CD107a expression to measure degranulation. We also performed
NK + T cell co-culture following treatment of NK cells with vari-
ous doses of DMF or MMF and assessed NK cell CD107a expres-
sion to determine cytotoxicity.

We also used polyclonally activated T cells from healthy donors to
assess CD155 expression —a T cell surface molecule that potenti-
ates NK cell cytotoxicity.

Results: We noted no alteration in the percentage of NK cells but
found a 44.5% relative increase in the proportion of CD56bright NK
cells following DMF treatment (p=0.008). We noted reductions in
CD8+ > CD4+ T cells and within each of these populations, noted
reductions in memory > naive populations. Reductions in memory
CD8+ T cells (r=-0.56, p=0.01) and pro-inflammatory cytokine
producing (IFN-y, TNF-0) T cells significantly correlated with
increase in CD56Mie NK cells.

We noted increases in NK cell degranulation and cytotoxicity
(assessed by CD107a expression) with both MMF (100 pM) and
DMF (1 & 10 uM), in NK + T cell co-culture. We also noted
higher expression of CD155 on activated CD8+ as compared to
CD4+ T cells (p < 0.01) and memory as compared to naive cells
(p<0.01), which is consistent with the pattern of selective deple-
tion noted with DMF treatment.
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Conclusion: These results identify novel effects of DMF on the
NK cell compartment and suggest that direct modulation of NK
cell function may help mediate the immunological effects of
DMF.

P059

Effects of Cladribine Tablets on CD4+ T-Cell Subsets in the
Oracle-MS Study: Results from an Analysis of Lymphocyte
Surface Markers

Dr. Olaf Stuve, MD, PhD!, Dr. Per Soelberg-Sorensen?, Dr.
Thomas P Leist, MD, PhD?3, Dr. Yann Hyvert*, Dr. Doris
Damian* and Dr. Ursula Boschert*

!University of Texas, Southwestern Medical Center, Dallas,
TX, ?Danish Multiple Sclerosis Center, Copenhagen
University Hospital, Copenhagen, Denmark, 3Thomas
Jefferson University, Philadelphia, PA, ‘EMD Serono, Inc.,
Billerica, MA

Background: In ORACLE-MS, the cladribine tablets group (3.5
mg/kg) demonstrated a 67.3% reduction in risk of conversion to
clinically defined multiple sclerosis versus placebo. Evaluation of
lymphocyte subtypes from patients treated with cladribine tablets
3.5-mg/kg showed a transient ~82% median reduction in CD19+
B-cell count by Week 13, with reconstitution from Week 24 to 48.
CD4+ and CD8+ T cells were also reduced (median reductions
between ~40% and ~55%). The influence on cells with regulatory
immune function is also of interest.

Objectives: To examine effects on central and effector memory
CD4+ T cells and naturally occurring regulatory CD4+ T cells
(nTregs) after the first administration of cladribine tablets in
ORACLE-MS.

Methods: Peripheral blood T lymphocytes were immunopheno-
typed at baseline and Weeks 5, 13, 24, and 48 in patients treated
with cladribine tablets at Weeks 1 and 5 in ORACLE-MS (3.5-mg/
kg group; n=41) using T lymphocyte surface markers. Absolute
numbers and proportions of central memory (CD4+
CD45RO+CCR7+), effector memory (CD4+CD45RO+CCR7-),
T-helper (Th)l-type cells (CD4+CXCR3+), and nTregs (CD4+
CD25+CD127-), including naive-like nTregs (CD4+CD25+
CD127-CD45RA[HI]+) and memory-like nTregs (CD4+CD25+
CD127-CD45RA-), were measured.

Results: Greatest median reductions from baseline in absolute
cell numbers occurred at Week 13 for effector memory cells
(—=54%) and Week 24 for central memory (—63%) and Thl-type
cells (—51%), with similar or slightly increased levels of these
CDA4+ cell subtypes at Week 48. Over time, there was a reduction
(—5%) in the proportion of central memory cells in total CD4+
cells, but no change in proportion for effector memory and Th1-
type cells. Absolute numbers of nTregs (—48%), naive-like nTregs
(=67%), and memory-like nTregs (—42%) were decreased at Week
48. Proportions of nTregs and naive-like nTregs in total CD4+
cells were not changed. Memory-like nTregs slightly increased up
to Week 48 after treatment with cladribine tablets (median increase
from baseline in proportion of memory-like nTregs was 11% at
Week 48).

Conclusion: The first administration of cladribine tablets has a
comparable magnitude of effect on CD4+ T-cell subpopulations,
with no dramatic shifts in proportions. Further investigation is
ongoing to explore the implications for the mechanism of action
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of cladribine tablets and the effects of treatment initiation at Year
2.

P060

Selective, Discontinuous Reduction of B and T Lymphocytes
and NK Cells in Patients with Early, Relapsing MS after
administration

Dr. Olaf Stuve, MD, PhD!, Dr. Per Soelberg-Sorensen?, Dr.
Gavin Giovannoni3, Dr. Thomas P Leist, MD, PhD4, Dr. Yann
Hyvert’, Dr. Doris Damian® and Dr. Ursula Boschert®
!University of Texas, Southwestern Medical Center, Dallas,
TX, ?Danish Multiple Sclerosis Center, Copenhagen University
Hospital, Copenhagen, Denmark, 3Queen Mary University of
London, Blizard Institute, London, United Kingdom, *Thomas
Jefferson University, Philadelphia, PA, SEMD Serono, Inc.,
Billerica, MA

Background: In CLARITY, cladribine tablets 3.5 mg/kg demon-
strated lower annualized relapse rates versus placebo (0.14 vs
0.33; p<0.001) at 96 weeks in patients with relapsing-remitting
multiple sclerosis (MS). In ORACLE-MS, cladribine tablets 3.5
mg/kg demonstrated a 50% risk reduction in time to conversion to
McDonald MS versus placebo (hazard ratio 0.50; 95% CI 0.39-
0.63; p<0.001) at 96 weeks in patients with early MS.
Objectives: To evaluate the effect on B and T lymphocyte and
natural killer (NK) cell profiles after the first administration of
cladribine tablets in the ORACLE-MS, CLARITY, and CLARITY
EXT studies.

Methods: Longitudinal evaluation of peripheral blood lympho-
cyte subtypes was conducted for patients receiving the first course
of cladribine tablets either as part of the initial 3.5-mg/kg active
treatment groups (ORACLE-MS and CLARITY) or the placebo
switched to active treatment groups (CLARITY EXT).
Lymphocytes were immunophenotyped at baseline and at Weeks
5, 13,24, and 48. Changes in absolute cell numbers and composi-
tion of lymphocyte subtypes were evaluated.

Results: The baseline distributions of absolute lymphocyte
counts were similar across studies. Temporal profiles of CD19+
B lymphocytes and CD4+ and CD8+ T lymphocytes were gener-
ally consistent across studies. The most rapid reduction in cell
numbers occurred in the CD19+ B-cell compartment (approxi-
mately 75% at Week 5 in each study). Nadir for CD19+ B cells
was reached at Week 13 with 81%, 84%, and 82% median reduc-
tions for patients in CLARITY (N=97), CLARITY EXT (N=136),
and ORACLE-MS (N=41). Reconstitution of CD19+ B cells
from Week 24 to 48. CD4+ and CD8+ T cells were also markedly
reduced, but to a lesser degree than CD19+ B cells (55% at Week
13 for CD4+ cells; 48% attained at Week 13, then plateauing
through Week 48 for CD8+ cells in ORACLE-MS). Reductions
in T cells were discontinuous but had not fully returned to base-
line by Week 48. CD16+/CD56+ NK cells were also transiently
reduced with cladribine tablets; nadir occurred at Week 13 in
ORACLE-MS (44% reduction), with recovery evident at Weeks
24 (29% reduction) and 48 (23% reduction).

Conclusion: Cladribine tablets reduced approximately 75% of
peripheral blood B cells by Week 5, with recovery to normal lim-
its and a moderate and discontinuous reduction in T-cell counts.
Treatment with cladribine tablets is associated with early decreases
in NK cells followed by recovery to normal limits.
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P061

Neutrophil and Monocyte Cell Numbers Remained Within
Normal Limits in Patients with RRMS Treated with Cladrib-
ine Tablets 3.5 Mg/Kg (CLARITY/CLARITY EXT.)

Dr. Per Soelberg-Sorensen’, Dr. Fernando Dangond, MD

MBA?, Ms. Christine Hicking? and Dr. Gavin Giovannoni*
!Danish Multiple Sclerosis Center, Copenhagen University
Hospital, Copenhagen, Denmark, ’EMD Serono, Inc., Billerica,
MA, 3Merck KGaA, Darmstadt, Germany, *Queen Mary
University of London, Blizard Institute, London, United Kingdom

Background: In CLARITY and CLARITY Extension (EXT),
lymphopenia was the most common adverse event, which is con-
sistent with the proposed mechanism of action of cladribine tab-
lets (CT). Absolute lymphocyte counts (ALCs) were shown to
recover toward the normal range over time in these studies.
Objectives: To evaluate the effect of CT on innate immune cell
counts.

Methods: Data from patients randomized to CT 3.5 mg/kg (CT
3.5; cumulative dose over 2 years) in CLARITY or CLARITY
EXT (N=685) were pooled to provide long-term follow-up data.
Data from patients randomized to placebo in CLARITY and fol-
lowed up in PREMIERE are also reported (N=435). Neutropenia
was graded by Common Terminology Criteria for Adverse Events
v3.0.

Results: At baseline (start of CLARITY or CLARITY EXT),
median neutrophil counts were 4.19x10%L for CT 3.5 and
4.20x10%L for placebo. At the end of Year 1 (48 weeks), median
neutrophil counts were 3.80%10%L and 4.24x10%L for CT 3.5 and
placebo, respectively. At the end of Year 2 (96 weeks), median
neutrophil counts were 3.71x10%L (2.90-4.70) and 4.30x10°/L
(3.32-5.46) in CT 3.5 and placebo patients, respectively. At the
end of Years 3 and 4 (144 and 192 weeks), median neutrophils in
the CT 3.5 group (with no further treatment) plateaued at
3.60x10%L. In the placebo group, median neutrophils were
4.28x10%/L (3.30-5.25) and 3.46x10°L (2.49-5.80) at the end of
Years 3 and 4, respectively. Following CT 3.5 treatment, median
neutrophil counts remained within normal values (>2.03x10°/L)
over the 2 treatment years and beyond, and <6 (<2%) patients
treated with CT 3.5 reported Grade 3 or 4 neutropenia at any sin-
gle time point. Baseline median (Q1-Q3) monocyte counts were
0.40x10°L (0.30-0.50) for CT 3.5 and 0.42x10%L (0.31-0.53)
for placebo. At the end of Year 1 (48 weeks), the monocyte count
was 0.36x10°/L (0.27-0.45) for CT 3.5 and 0.42x10%L (0.34—
0.53) for placebo. At the end of Years 2, 3, and 4, monocyte counts
in the CT 3.5 group were 0.34x10%L (0.28-0.45), 0.36x10%L
(0.28-0.48), and 0.36x10%/L (0.26-0.44), respectively. In the pla-
cebo group, monocyte counts were 0.41x10%L (0.30-0.51),
0.40x10°L (0.32-0.50), and 0.42x10%L (0.32-0.55) at the end of
Years 2, 3, and 4, respectively.

Conclusion: These data, together with the previously reported
data on ALCs, support the concept that CT selectivity reduces
adaptive immune cell counts, and that the impact on the innate
immune system is relatively minor.

P062

Favourable S1IP1R/5R Selectivity Profile of Ozanimod Con-
fers Safety Benefit Relating to SIP3R-Mediated Pro-Fibrotic
Changes in Fibroblasts

http://journals.sagepub.com/home/ms;j

Mr. Bryan Clemons!, Dr. Gretchen Bain2, Ms. Andiliy Lai?,

Ms. Angelina M. Santini2, Mr. Lance Goulet?, Ms. Megan
Boyett!, Prof. Edward Roberts?, Prof. Hugh Rosen?, Dr. Gregory
J. Opiteck!, Dr. Fiona L. Scott! and Dr. Kristen R. Taylor
Meadows!

{Receptos, a wholly owned subsidiary of Celgene Corporation,
San Diego, CA, 2PharmAkea Therapeutics, San Diego, CA, 3The
Scripps Research Institute, La Jolla, CA

Background: Ozanimod (RPC-1063) has shown therapeutic ben-
efit in clinical trials for relapsing multiple sclerosis (RMS) and
confers selectivity for S1P,; and S1Ps; avoiding potential safety
concerns around activation of SIP,y 3 4. Fingolimod is approved
to treat RMS; however, it has activity on four of the five S1P
receptors (S1P g 3p 4r 5p)-

Objectives: To understand the potential safety risks associated
with S1P,; signaling, the dynamics of S1P;; receptor down-mod-
ulation and the role of chronic effects on S1P;; in promoting
myofibroblast differentiation and pulmonary fibrosis were
evaluated.

Methods: HEK293T cells expressing human S1P,, were used to
monitor receptor down-regulation in vitro by flow cytometry
and ERK1/2 phosphorylation. To assess myofibroblast differen-
tiation, a-smooth muscle actin (a-SMA) and fibronectin upregu-
lation was measured in ozanimod and fingolimod treated human
lung fibroblasts by Western blot. To assess the role of S1Psp in
fibrosis in vivo, an S1P;; antagonist was administered daily in
the 14-day bleomycin-induced mouse model of pulmonary
fibrosis.

Results: Ozanimod is not active on S1P; but fingolimod results
in robust S1P;z-mediated signaling. In contrast to S1P;, activa-
tion of S1P;; does not result in receptor down-modulation; recep-
tors remain on the cell surface and may undergo repeat activation.
The functional consequence of S1P;; activation was assessed in
primary human lung fibroblasts where fingolimod treatment was
found to enhance differentiation and upregulation of a-SMA and
fibronectin (31% and 85% over vehicle, respectively).
Upregulation of a-SMA and fibronectin by fingolimod was
blocked by an S1P, antagonist. Ozanimod is not active on S1P5,
and does not promote differentiation of lung fibroblasts in vitro.
Furthermore, S1P;; activation promoted fibrosis in vivo as treat-
ment with an S1P;, antagonist reduces pulmonary fibrosis, lung
weight and lavage fluid collagen.

Conclusion: Activation of S1P; does not lead to receptor down-
regulation or desensitization, resulting in chronic S1P;; stimula-
tion by non-selective agonists. This study confirms that ozanimod
is a selective S1P /s modulator that does not activate S1P;; and
does not promote myofibroblast differentiation, avoiding risks
inherent in the chronic activation of S1Pg.

P063

Ory-2001 Reduces Inflammatory Cell Infiltration in the
Theiler’s Murine Encephalomyelitis Virus Model and High-
lights the Epigenetic Axis in MS

Dr. Fernando Cavalcanti, PhD!, Dr. Leyre Mestre, PHD?, Dr.
Carmen Guaza, PhD? and Dr. Tamara Maes!

!ORYZON GENOMICS S.4., Cornella de Llobregat, Spain,
2Instituto Cajal, Consejo Superior de Investigaciones Cientificas,
Madrid, Spain
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Background: ORY-2001 is a clinical stage Lysine Specific
Demethylase 1 (LSD1) and Monoamine Oxidase B (MAO-B)
inhibitor in development for treatment of neurodegenerative dis-
ease. LSD1 demethylates H3K4mel/2 and together with
HDAC1/2, forms part of co-repressor complexes recruited by
ZNF factors to control transcription. We have previously reported
that ORY-2001 greatly reduced the clinical score in a mouse
model of Experimental Autoimmune Encephalomyelitis (EAE),
supported by reduction of a severity of the pathology, lymphocyte
egress and infiltration of immune cells in the spinal cord, prevent-
ing demyelination. Here we provide data on the characterization
of the mode of action (MoA) of ORY-2001 in mice infected with
the Theiler’s murine encephalomyelitis virus (TMEV).
Objectives: The aim of this study is to evaluate the efficacy of
ORY-2001 following an oral daily gavage administration in the
TMEYV mice model.

Methods: 6 weeks old mice were infected in the cerebral paren-
chyma following a standard protocol with 2x10° plaque forming
units of the Daniel’s strain of TMEV and treated orally with 0.3
and 1.0 mg/kg of ORY-2001 during two weeks following onset of
symptoms, at day 72 after induction. Body weight, clinical score,
motor function and finally histopathological analysis were
evaluated.

Results: Data showed that ORY-2001 a) did not produce any body
weight changes b) significantly reduced the clinical score c)
improved the motor activity, reflected by significant changes in
the horizontal activity d) significantly reduced the inflammatory
CD4" and CD8" cell infiltration as revealed by histopathological
analysis and provided a tendency to reduce microglia and astro-
glia activation.

Conclusion: ORY-2001, a novel epigenetic drug that has recently
finalized a Phase I clinical trial, has demonstrated proof of con-
cept in the EAE and Theiler models in mouse. The compound will
be tested in a Phase Ila clinical trial in patients with relapsing-
remitting (RRMS) or secondary progressive multiple sclerosis
(SPMS).

P064

A Possible Role for a Diabetes-Related Pancreatic Secretion
in Multiple Sclerosis

Mrs. Tiffany Janes, B.S., Dr. Suzanne E Summers, Ph.D., Ms.
Becca Boyea and Dr. Dana M Spence, Ph.D.

Michigan State University, East Lansing, MI

Background: In type 1 diabetes, the pancreatic B-cells are
destroyed, resulting in little to no production of insulin, the pep-
tide secretion that stimulates trafficking of the GLUT4 glucose
transporter from the cytosol to the membrane of GLUT4-
containing cells. Though less understood, C-peptide is a 31 amino
acid peptide that is co-secreted in equimolar amounts with insulin
from the same pancreatic B-cell granules. Recently, we reported
that C-peptide and Zn?* display specific binding behavior to such
cells as red blood cells (RBCs), but only when delivered in com-
bination with each other and the blood protein albumin. In con-
tinuance, we measured C-peptide binding to RBCs in a study
involving 200 subjects. The average C-peptide bound to RBCs in
MS samples was significantly higher than non-MS subjects and
healthy controls. Here we report findings involving C-peptide
delivery to RBCs that may have direct implications on MS onset.
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Objectives: To demonstrate increased zinc binding to MS RBCs
and a resultant increase in trafficking of GLUT1 to RBC mem-
branes, as well as to demonstrate the inhibitory effect of IFN-f on
RBCs on these pathways.

Methods: Whole blood was obtained from consenting donors and
RBCs were isolated by centrifugation and washed in buffer prior
to use. 20 picomoles of radioisotopic °Zn, mixed with albumin
and C-peptide, was added to the RBCs. Scintillation counting was
used to determine 9Zn binding to RBCs. To measure GLUT1 in
the RBC membranes, RBC ghosts were prepared by removing the
cytosolic contents of the RBC, and keeping the membrane intact
using lysis buffer. RBC ghosts were subjected to SDS-PAGE and
sequential western blot analysis. Image J software was used to
quantify color density, and GLUT1 bands were normalized to the
spectrin bands of each sample.

Results: Basal levels of GLUT1 in MS RBCs are 23.3% higher
than basal levels in control RBCs, and the levels decrease with the
addition of IFN-3 to MS RBCs.

Conclusion: MS RBCs bind elevated amounts of C-peptide,
which also correlates to increased specific deposition of zinc on
the RBC membrane. When added in combination, this
albumin/C-peptide/Zn?* ensemble results in GLUT1 transloca-
tion. When treated with IFN-f, both the RBC zinc binding and
GLUT]1 concentrations decrease. Basal levels of GLUT1 in MS
RBC membranes is significantly increased; therefore, we pro-
pose that IFN-B may be working by removing zinc from the
bloodstream, leading to a decreased amount of both zinc bind-
ing to RBCs and RBC membrane GLUTI, affecting cell
metabolism.

P065

Teriflunomide May Modulate Viral Replication Via Its
Impact on Host Pyrimidine Metabolism

Dr. Richard A. Able, Dr. Timothy J Turner, Dr. Jeffrey Chavin
and Dr. Matt Mandel

Sanofi, Cambridge, MA

Background: The etiology of MS is poorly understood but likely
to result from a combination of genetic and environmental factors,
among which viral exposure may play an important role. Exploring
potential effects of DMTs on viral replication may inform treat-
ment choice and treatment sequencing so as to optimize patient
outcomes in MS.

Teriflunomide, a once-daily oral DMT approved for relapsing-
remitting MS, has a well-characterized safety profile, and does not
significantly diminish protective immunity, as demonstrated in
immunization studies. Teriflunomide reduces proliferation of acti-
vated B and T lymphocytes by selective, reversible inhibition of
dihydroorotate dehydrogenase (a key enzyme in de novo pyrimi-
dine synthesis). As viral replication requires host cell machinery,
reducing de novo pyrimidine synthesis may, in turn, impede viral
replication.

Objectives: To review the effects of teriflunomide and lefluno-
mide on viral replication, and the potential role these effects may
have in MS therapy.

Methods: Literature review of studies investigating effects of
teriflunomide and/or its precursor, leflunomide, against a range of
viruses in order to understand how inhibiting de novo pyrimidine
synthesis impacts the viral life cycle.
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Results: Preclinical and clinical studies have reported evidence
that teriflunomide/leflunomide impacts the replication of a broad
range of viruses. This includes demonstrable effects (reduced
viral loads, clearance of infection) against members of herpesvi-
rus and polyomavirus families. Moreover, in a study of terifluno-
mide-treated patients with RMS, anti-EBV viral capsid antigen
and nuclear antigen-1 titers were reduced vs healthy controls.
Disruption of virus assembly and effects on host cell cycle have
been proposed as a mechanism for teriflunomide-/leflunomide-
related modulation of viral replication. Furthermore, an in vitro
study of inhibition of viral replication by a small-molecular-
weight compound demonstrated that replication of a range of
viruses could be restored in the presence of excess uridine, sug-
gesting that reduced viral replication is linked to depletion of
pyrimidine pools.

Conclusion: Given the effects of teriflunomide on viral replica-
tion, and the possible role of viruses in MS etiology, studies are
ongoing to assess the susceptibility of viruses, including EBV and
JCV, to teriflunomide.

P066

Alemtuzumab and Cladribine: A Comparison of Pharmaco-
dynamics and Mechanism of Action

Dr. Carlo Tornatore, MD!, Dr. Steven J Cavalier, MD2, Dr. Matt
Mandel, MD?, Dr. Maria Melanson, MD, PhD? and Prof. Sven G
Meuth, MD3

!Georgetown University Medical Center, Washington, DC,
2Sanofi, Cambridge, MA, 3University of Miinster, Miinster,
Germany

Background: MS therapies targeting T and B lymphocytes vary
in efficacy and safety. Both alemtuzumab and cladribine deplete T
and B cells, but a need exists to differentiate their mechanism of
action (MoA) and pharmacodynamics (PD) to inform clinical
decision making.

Objectives: To understand differences in alemtuzumab and clad-
ribine MoA and PD.

Methods: Literature review of alemtuzumab and cladribine MoA
and PD.

Results: Alemtuzumab, a humanized monoclonal antibody, selec-
tively depletes CD52-expressing T and B cells by antibody-
dependent cellular cytotoxicity and complement-dependent
cytotoxicity. Following depletion, a relative increase in regulatory
T cells (Treg) and decrease in proinflammatory cytokines occurs,
potentially leading to rebalancing of the immune system. B cells
return to baseline levels within 6 months; T-cell levels generally
reach lower limit of normal by 12 months. The distinct pattern and
time course of lymphocyte repopulation are consistent across
treatment courses. Alemtuzumab restores Treg function by pro-
moting long-term increase in Treg suppressive activity against
myelin basic protein-specific Thl and Th17 cells. Cladribine, a
synthetic purine analogue, enters cells and is incorporated into
DNA, leading to cellular apoptosis and/or autophagy. Cladribine
is selective for lymphocytes due to their relatively high levels of
drug-activating deoxycytidine kinase and low levels of drug-inac-
tivating 5’-nucleotidase. After cladribine treatment, lymphocytes
reach a nadir by 9 weeks (wk). In a clinical trial, slight lympho-
cyte recovery occurred before re-dosing at Wk 48. Reduced
median lymphocyte counts persisted to Wk 96. Cladribine caused
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greater suppression of T than B cells in both the short and long
terms, with modest decreases in neutrophils at Wk 96. Cladribine
PD may include regulation of cell cycle, signalling, and prolifera-
tion genes; cladribine may also modulate pro-inflammatory
cytokine profiles.

Conclusion: Durable effects of alemtuzumab, an approved high-
efficacy MS therapy, may be due to its selective depletion and
distinct pattern of repopulation of circulating T and B cells thought
to play a role in MS pathogenesis. Cladribine (approved in the
European Union for the treatment of highly active relapsing MS)
induces T-and B-cell apoptosis, in part by suppressing DNA syn-
thesis and repair. These distinctions in MoA and PD may underlie
differences in short- and long-term efficacy, safety, and the poten-
tial need for retreatment.

P067

Dimethyl Fumarate (DMF) Improves Behavioral Outcomes
in a Mouse Model of Progressive Multiple Sclerosis

Dr. Jason P. Mendoza, PhD!, Dr. Brian Bai, PhD?, Dr. J. Simon
Lunn, PhD?Z, Dr. Robin L. Avila, PhD!2, Ms. Harsha Battapady?,
Dr. Vivek Shenoy, PhD, MBAZ, Dr. Brian T. Wipke, PhD! and
Dr. Bruce D. Trapp, PhD?3

!Biogen, Cambridge, MA, ?Renovo Neural, Cleveland, OH,
3Cleveland Clinic, Cleveland, OH

Background: Multiple sclerosis (MS) is an inflammatory
demyelinating disease in which immune cells attack and destroy
myelin. Despite treatment with immunomodulatory drugs, MS
patients eventually transition into a progressive disease state of
accumulating and irreversible neurological decline. Dimethyl
fumarate (DMF) is approved for relapsing forms of MS and
may protect axons through activation of the nuclear factor
(erythroid derived 2)-related factor 2 (Nrf2) and hydroxycar-
boxylic acid receptor 2 (HCAR2). Nonclinical studies have
shown DMF to have both cytoprotective and anti-inflammatory
effects. We have developed a progressive MS mouse model
consisting of three cycles of cuprizone-treatment and spontane-
ous recovery and resulting in a significant loss of axons in the
corpus callosum and progressive neurological decline between
62-77 weeks.

Objectives: To determine whether early use of DMF improves
behavioral outcomes and preserves corpus callosum axons in a
progressive MS mouse model.

Methods: Eight-week-old C57BL/6] mice were subjected to
three cycles of cuprizone/rapamycin treatment followed by remy-
elination. DMF treatment was started either after the first, second
or third insult, and continued daily for 72 weeks. Neurological
function was evaluated in the NeuroCube® (NC) platform; white
matter myelin was evaluated using a myelin-loss sensitive mag-
netization transfer ratio (MTR) via MR

Results: Mice receiving DMF treatment following the first insult
showed significant behavioral improvements compared with mice
receiving vehicle when analyzed in NC at 36-weeks (P=0.002)
and continued to show significant behavior improvements at
48-weeks (P=0.009). Mice starting DMF-treatment following the
second insult also showed significantly improved behavior read-
outs compared with mice receiving vehicle at 36-weeks (P=0.02)
and 48-weeks (P=0.018). Mice receiving DMF after the third
insult showed smaller improvements compared with the vehicle
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group when analyzed at 36-weeks (P=0.05) and 48-weeks
(P=0.04).

Conclusion: DMF treatment immediately following insult dem-
onstrated significant functional improvement compared with
vehicle, suggesting DMF may have neuroprotective effects in this
progressive MS mouse model. Longitudinal evaluation of behav-
ioral outcomes and white matter integrity at the 60- and 72-week
time points will further characterize the long-term neuroprotective
effect of DMF.

Disease Modifying Therapies- Risk
Management

P068

Patterns and Safety of Newer Disease-Modifying Therapy
Use in Pediatric Multiple Sclerosis in the US

Dr. Kristen M Krysko, MD, BSc!, Dr. Jennifer S Graves,

MD, PhD, MAS!, Dr. Gregory Aaen, MD?, Dr. Anita Belman,
MD?3, Dr. Leslie Benson, MD#, Dr. T. Charles Casper, MStat
PhD3, Dr. Tanuja Chitnis, MD¢, Dr. Mark Gorman, MD#, Dr.
Manu S Goyal, MD MSc’7, Dr. Lauren B Krupp, MD?, Dr. Soe
Mar, MD?, Dr. Manikum Moodley, MD8, Dr. Mary Rensel,
MDS8, Dr. Moses Rodriguez, MD?, Dr. John W Rose, MD3, Dr.
Teri Schreiner, MD MPH!0, Dr. Jan-Mendelt Tillema, MD?,
Dr. Bianca Weinstock-Guttman, MD!! and Dr. Emmanuelle
Waubant, MD PhD!

!University of California, San Francisco, San Francisco,
CA, ’Loma Linda University, San Bernardino, CA, 3New
York University Langone Health, New York, NY, ‘Boston
Children’s Hospital, Boston, MA, SUniversity of Utah, Salt
Lake City, UT, “Massachusetts General Hospital, Boston,
MA, "Washington University in Saint Louis, St. Louis, MO,
8Cleveland Clinic, Cleveland, OH, °Mayo Clinic, Rochester,
MN, %University of Colorado, Aurora, CO, 'SUNY
University at Buffalo, Buffalo, NY

Background: Treatment of pediatric multiple sclerosis (MS) is
challenging given high relapse rates and the lack of safety and
efficacy data for disease-modifying therapies (DMTs) in children.
Conventional first-line injectable agents may be poorly tolerated
and may not adequately control the disease, requiring escalation
to more potent newer agents.

Objectives: We aim to characterize the use and safety of newer
DMTs in children with MS and clinically isolated syndrome (CIS)
treated under 18 years of age.

Methods: This is a retrospective cohort study of prospectively
collected data including children with a last available diagnosis
of MS or CIS followed at 12 clinics participating in the US
Network of Pediatric MS Centers. Patients are typically seen at
least every 6 months with documentation of demographic and
clinical features including DMT use. Start and stop dates, indi-
cation, side effects, and reason for discontinuation are recorded
for each DMT. We examine patterns of newer DMT use, includ-
ing demographic and clinical features, and timing of DMTs
used. We examine side effects documented in patients receiving
newer DMTs.

Results: As of January 2017, 1,114 pediatric patients with MS
(n=846) or CIS (n=268) had been entered in the database (66%
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female, mean onset age 13.2+/-3.9 years, mean follow up duration
3.3+/-3.0 years), with 77% with MS and 8% with CIS ever receiv-
ing a DMT. Most patients ever on DMT had been exposed to at
least 1 injectable agent (any beta-interferon n=376; glatiramer
acetate n=328). Newer DMTs used included natalizumab (n=136),
dimethyl fumarate (n=105), fingolimod (n=78), rituximab (n=73),
daclizumab (n=6), and teriflunomide (n=2). The first agent was a
newer DMT in 13% (32 dimethyl fumarate, 22 natalizumab, 20
rituximab, 9 fingolimod, 1 teriflunomide), while 87% began treat-
ment with an injectable (307 any beta-interferon, 243 glatiramer
acetate). Analyses of changes in treatment patterns over the last 10
years are in progress. The overall side effect profiles of newer
DMTs were not different than reported in adults.

Conclusion: Newer DMTs are often used in individuals with
pediatric MS, and appear to have similar short-term side effect
profiles to use in adults. Further studies of efficacy and long-term
side effects are required. These findings may be helpful in guiding
pediatric MS management.

P069

Alemtuzumab Induces Unexplored Cardiac Effects in Mul-
tiple Sclerosis Patients

Dr. Laura Brambilla, MD!, Dr. Chiara Zecca, MD!2, Dr.
Jacopo Perugini!, Dr. Lorena Parejal, Dr. Franca Barbic, MD3,
Dr. Giorgia Camera, MD!, Dr. Stefania Riva, MD*, Dr. Carlo
Antozzi, MD!, Dr. Claudio Gobbi, MD2, Dr. Greta Brenna?,
Prof. Raffaello Furlan3, Dr. Renato Mantegazza, MD! and Dr.
Silvia Rossi, MD!

IIRCCS Neurological Institute Carlo Besta, Milan, Italy,
2Neurocenter of Southern Switzerland, Lugano, Switzerland,
3Humanitas Research Hospital, Rozzano, Italy, IRCCS Centro
Cardiologico Monzino, Milan, Italy, *Sparc Consulting, Milan,
Italy

Background: Alemtuzumab is a highly effective monoclonal
antibody approved for the treatment of Relapsing Remitting
Multiple Sclerosis (RRMS). Its use is associated with several and
potentially life-threatening side effects, with no relevant cardiac
safety concerns emerging from clinical trials. Recently isolated
cases of severe bradycardia have been reported.

Objectives: to explore the cardiac safety profile of Alemtuzumab.
Methods: 34 consecutive RRMS patients prescribed with
Alemtuzumab since November 2016 in 2 MS centers were fol-
lowed up during their first treatment course. Vital parameters,
including heart rate (HR), were collected before the infusion and
every 30 minutes thereafter until discharge. The same evaluation
was performed in a cohort of MS patients treated with steroids for
relapse as control group. Continuous electrocardiogram (EKG)
monitoring was performed for 5 days in a subgroup of 5
Alemtuzumab-treated patients.

Results: A significant increase in HR was recorded during the
first two days of treatment (mean largest increase 21.3+11.5
bpm; p< 0.0001) compared with baseline values (Day 1, before
premedication, after 30 min rest). Conversely, a statistically
significant reduction in the HR compared with baseline starting
from day 3, peaking at day 4 (mean largest reduction 15.5+8.1
bpm, p< 0.0001) and still unrecovered at day 5 (p=0.04) was
observed. Forty one percent of patients experienced asympto-
matic sinus bradycardia (HR< 50 bpm), and HR dropped below
40 bpm in 17% of subjects. A single patient experienced
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symptomatic severe bradycardia (30 bpm) on day 3 leading to
treatment discontinuation. Continuous EKG monitoring con-
firmed a progressive decrease of HR starting from day 3; more-
over, sinus blocks and pauses (max 3.6 seconds) were recorded
during the night starting from day 3 in 3/5 subjects. A slight
reduction of HR was also seen in the control group but only
11% (3/27) of patients experienced HR <50 bpm and none
below 40 bpm. Improvement of HR at day 5 in the Alemtuzumab
group was more prompt in patients pre-treated with steroid only
for the first 3 days compared with those exposed to steroids for
5 days, suggesting a possible add-on effect of steroids on HR
reduction.

Conclusion: Reduction of HR with remarkable bradycardia can
occur and represents a potentially clinically relevant adverse
event related to Alemtuzumab infusion. EKG monitoring during
Alemtuzumab courses should be considered in case our prelimi-
nary results will be confirmed in larger studies.

P070

Integrated Safety Analysis of Infections during Periods of
Grade 3 or 4 Lymphopenia in Patients Taking Cladribine
Tablets 3.5 Mg/Kg

Dr. Stuart Cook!, Dr. Thomas P Leist, MD, PhD?, Dr. Giancarlo
Comi3, Dr. Xavier Montalban, MD, PhD*, Dr. Elke Sylvester?,
Ms. Christine Hicking® and Dr. Fernando Dangond, MD, MBA®
!Rutgers, The State University of New Jersey, Newark, NJ,
2Thomas Jefferson University, Philadelphia, PA, 3Universita
Vita-Salute San Raffaele, Milan, Italy, *Hospital Universitari
Vall d’Hebron, Barcelona, Spain, *Merck KGaA, Darmstadt,
Germany, °EMD Serono, Inc., Billerica, MA

Background: In CLARITY, the cladribine tablets 3.5-mg/kg
group demonstrated lower annualized relapse rates versus placebo
(0.14 vs 0.33; p<0.001) at 96 weeks. The most common adverse
event (AE) was lymphopenia, reflecting the proposed mode of
action of cladribine. An integrated analysis of safety showed that
the overall incidence of infections was not higher in patients
receiving cladribine tablets 3.5 mg/kg than in patients receiving
placebo, except for herpes zoster.

Objectives: This post hoc analysis examined the infectious AEs
occurring during exact periods of Grade (G) 3 or 4 lymphopenia
in patients treated with cladribine tablets 3.5 mg/kg; previous
analyses used recovery to G1 or better.

Methods: A monotherapy oral cohort was derived from
CLARITY, CLARITY Extension, ORACLE-MS, and the
PREMIERE registry, with 923 patients receiving cladribine tab-
lets 3.5 mg/kg. The AE profile for cladribine tablets 3.5 mg/kg
during the exact periods of G3 or G4 lymphopenia (defined as
time from onset of G3 or G4 lymphopenia to first G2 or lower plus
2 weeks). Adjusted AE incidences per 100 patient years (Adj-AE
per 100PY) were calculated.

Results: Adj-AE per 100PY for any infections and infestations
during periods of G3 or G4 lymphopenia (with G3/4) was 57.53
versus 24.50 outside these periods (without G3/4). Types of infec-
tious AEs were similar between the two periods. More than half of
cases occurring with G3/4 were treatable infections of the upper
respiratory tract (Adj-AE per 100PY: nasopharyngitis, 13.48 vs
5.24 without G3/4; upper respiratory tract infection, 9.67 vs 3.41
without G3/4; pharyngitis, 4.51 vs 0.73 without G3/4). Herpes
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zoster was reported in 4 patients with G3/4 (Adj AE per 100PY:
4.50 vs 0.73 without G3/4); cases were dermatomal and mild to
moderate in severity. Single occurrences were reported for most
infectious AEs. Opportunistic infections were single occurrences
of ‘urinary tract infection fungal” and ‘fungal infection’ (preferred
terms) and neither were severe or serious.

Conclusion: Severe lymphopenia was associated with an
increased frequency of infections but not with a differential effect
on types of infectious AEs in patients treated with cladribine tab-
lets 3.5 mg/kg monotherapy. The profile of herpes zoster was
uncomplicated, consistent with the findings of previous safety
analyses.

P071

Choosing Disease-Modifying Therapy in Multiple Sclerosis
(MS) Patients with Progressive Multifocal Leukoencepha-
lopathy (PML): Now What?

Dr. Nidhiben Anadani!, Dr. Lawrence Samkoff?, Dr. Megan
Hyland!, Dr. Jessica Robb! and Dr. Andrew D Goodman, MD!
!University of Rochester, Rochester, NY, 2University of
Rochester Medical Center, Rochester, NY

Background: PML has been reported with natalizumab, fingoli-
mod, and dimethyl fumarate. Choosing disease-modifying ther-
apy (DMT) for MS patients who survive PML is complex and
challenging given concerns about the risks of additional immuno-
suppression. There are no clear guidelines for such decision-mak-
ing. A retrospective review of post-natalizumab PML patients
suggested that glatiramer acetate, interferon beta, dimethyl fuma-
rate and fingolimod can be safely administered.

Objectives: We aim to report our center’s experience with such
challenging cases.

Methods: We performed retrospective chart review of four
patients with PML diagnosed and followed at our center. We col-
lected data including disease activity and functional status pre and
post diagnosis of PML.

Results: We follow four patients who survived PML occurring in
the setting of iatrogenic immunosuppression due to MS medica-
tions. Three of them were due to natalizumab and one due to fin-
golimod. Two outoffourpatients were on priorimmunosuppression.
All patients on natalizumab tested positive for JC virus antibody
with high index (>0.9). The most common clinical presentation
was cognitive decline. DMT for MS was started in all the patients
4-6 months after PML diagnosis. Two patients had active brain
MRI scans with enhancing MS lesions prior to starting DMT. Two
patients were started on glatiramer acetate and the other two on
interferon beta 1B. One patient was switched to teriflunomide 2
years after taking interferon beta 1B due to a new enhancing
lesion. The other 3 patients have had no evidence of clinical or
MRI activity with 1-4 years of follow up. None showed any indi-
cation of PML progression or relapse.

Conclusion: Choosing MS DMT in post-PML patients is chal-
lenging. According to our experience to date, DMT’s not associ-
ated with PML seem safe and may be effective to prevent further
MS lesions. Clearly, ongoing monitoring, particularly with regu-
lar brain MRI’s is needed. As even large MS centers are likely to
have limited experience with these issues, assessment of a much
larger sample size using one or more patient registries would be
welcome.
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Tuberculosis Screening in the Setting of Multiple Sclerosis
Disease Modifying Therapies

Dr. Laura E Baldassari, MD, MHS, Dr. Brandon P Moss, MD,
Dr. Daniel D. Ontaneda, MD, MSc and Dr. Mary A Willis, MD
Cleveland Clinic, Cleveland, OH

Background: Disease modifying therapies (DMTs) for multiple
sclerosis (MS) have diverse effects on the immune system, and
several can affect the risk for certain infections such as tuberculo-
sis (TB). Screening for TB is recommended prior to initiation of
certain DMTs, but TB testing generally occurs in the setting of
ongoing DMT use. Results of the serum Interferon Gamma
Release Assay (IGRA) for TB screening may be affected by use of
certain DMTs, but this has not been described.

Objectives: To determine the effects of different MS DMTs on
serum-based TB screening via IGRA, and to evaluate whether an
indeterminate test result is related to lymphopenia.

Methods: We identified patients with MS who underwent TB
testing via IGRA in preparation for transition to ocrelizumab
beginning in March 2017. We recorded the IGRA results, current
DMT, and absolute lymphocyte count. The proportion of patients
with indeterminate TB test results were compared across DMTs
via Chi-squared testing. Logistic regression was used to determine
whether the odds of indeterminate testing are increased in the set-
ting of lymphopenia.

Results: To date, we have reviewed the records of 63 patients
transitioning to ocrelizumab, and anticipate inclusion of over 150
patients in this study. Of the patients analyzed, 40 underwent TB
screening via IGRA. 92.5% (n=37) tested negative, 2.5% (n=1)
tested positive, and 5.0% (n = 2) had indeterminate results. DMTs
administered at the time of testing included dimethyl fumarate,
fingolimod, natalizumab, intravenous methylprednisolone, oral
prednisone, interferon beta, and glatiramer acetate. One patient
with an indeterminate result was taking fingolimod and had an
absolute lymphocyte count (ALC) of 0.41 k/uL; the second was
taking dimethyl fumarate and oral prednisone, with an ALC of
1.38 k/uL. At this time, we do not have a dataset sufficiently large
enough to further examine the association of certain DMTs or
lymphopenia with an indeterminate IGRA result.

Conclusion: Certain DMTs may affect the results and interpreta-
tion of serum TB testing via IGRA. Our small database thus far
does not demonstrate consistent patterns of indeterminate results
within certain DMTs or lymphocyte counts, likely due to its small
size. However, based on clinical observation of this phenomenon,
we anticipate more informative data as we continue to include
more patients in the study. Ongoing analysis will examine the
effects of lymphopenia in more detail.

P073

A Risk Aversion Calculator for Augmenting the Disease Mod-
ifier Selection Process

Dr. Fletcher L Hartsell, MD MPH! and Prof. Katherine Heller,
PhD?

!Duke University School of Medicine, Durham, NC, ?Duke
University, Durham, NC

Background: Settling into the use of a multiple sclerosis disease
modifier can seem like taking an exam consisting of a single
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multiple-choice question with 16 equally appropriate responses,
having months or even years to second-guess your choice, and
then getting a grade but never being told the correct answer.
Choosing between these options can be overwhelming, leaving
patients feeling both disempowered and depersonalized in the
decision-making process.

Objectives: In order to augment the decision-making process, we
introduce a side effect aversion calculator, that takes a patient’s
individual side effect aversion profile into consideration and eval-
uate if it has any impact on patient self-efficacy.

Methods: Multiple sclerosis patients who have a provider-identi-
fied need for disease modifier initiation or switch were recruited
and then randomized into one of four arms. Those randomized to
“calculator arms” were reminded that the purpose of the calculator
is to facilitate the medication choice discussion, NOT make the
decision. Subjects were asked to rate their level of concern over
the most common adverse events (AEs) across all treatments. The
calculator multiplies subject responses by the prevalence of that
AE reported within available prescribing information. The sum of
these weighted scores reveals a disease modifier’s Total Aversion
score and medication ranking by patient’s specific side effect
aversion profile, therefore framing discussion between subject
and provider. Enrollment visits concluded with surveys designed
to collect MS clinical history, enduring MS symptoms, medica-
tion history, and finally questions pertaining to medication adher-
ence and self-efficacy. This same survey was conducted prior to
the subsequent three clinic visits.

Results: Preliminary analysis from the first three months of study
recruitment demonstrates the efficacy of this calculator within the
Duke Multiple Sclerosis Clinic.

Conclusion: Providing a tool such as a personalized risk aversion
calculator can have substantial benefits in the confusing decision-
making process surrounding disease modifiers.

P074

Review of Clinical Experience with Dimethyl Fumarate Use
at an Academic Medical Center

Dr. Scott M Belliston, DO! and Dr. Sharon G Lynch, MD?
!Intermountain Healthcare, Provo, UT, 2University of Kansas
Medical Center, Kansas City, KS

Background: Dimethyl fumarate (DMF) is an oral medication for
relapsing remitting multiple sclerosis (MS). While the exact
mechanism of action of DMF in MS is unknown, it does activate
the nuclear factor-like 2 pathway, which results in decreased lym-
phocyte proliferation. In the phase 3 studies, grade 3 lymphopenia
was reported at 5%. Lymphopenia in DMF has led to a number of
opportunistic infections including 5 cases of progressive multifo-
cal leukoencephalopathy. Recent studies have shown lymphope-
nia is more common than previously thought in DMF use, with
grade 2-3 at 17%.

Objectives: Our goal was to do a retrospective study in our patient
population on DMF to evaluate risk of lymphopenia. Secondary
outcomes looked at the rate of discontinuing DMF due to lympho-
penia versus other side effects. We also assessed infection rates in
patients on DMF with or without lymphopenia.

Methods: Retrospective analysis of patients identified using the
Healthcare Enterprise Repository for Ontological Narration
(HERON) from 1/2013-3/2016. Patients were identified by a
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primary diagnosis of MS and DMF use. A thorough chart review
was done on the 205 identified patients.

Results: The HERON search resulted in 205 patients. Of these, 6
never took DMF. We excluded 1 based on age less than 18, and 66
who had no available labs. Of the 132 remaining patients, age
ranged from 18-78 years; 73% were female. 25% of patients had
grade 2-3 lymphopenia. Grade 3 lymphopenia was present in 9%,
grade 2 in 16%, and grade 1 in 8%. Subgroup analysis of those
over the age of 55 revealed 24% grade 3 lymphopenia, compared
to 5% in those 18-55. Infections reported to the treating neurolo-
gist were 6%, with 50% of those having grade 3 lymphopenia.
DMF was discontinued by 41 patients (31%); 13 for side effects,
9 continued disease activity, 8 fear of serious side effects, 7 lym-
phopenia, 3 unknown, and 1 lack of insurance coverage.
Conclusion: DMF in the treatment of MS is associated with
increased risk of lymphopenia particularly over the age of 55.
Lymphopenia associated with DMF use is higher in clinical prac-
tice compared to phase 3 studies. One reason may be the age limit
of 55 years in both clinical trials. Age should be considered when
using DMF in the treatment of MS.

P075

Pseudo-Hyperthyroidism in a Multiple Sclerosis Patient Tak-
ing High-Dose Biotin

Dr. Nancy N Hu, MD!, Dr. Robert K Shin, MD! and Dr. Carlo
Tornatore, MD?

!Medstar Georgetown University Hospital, Washington DC, DC,
2Georgetown University Medical Center, Washington, DC

Background: Biotin is an important co-enzyme for carboxylases
involved in energy metabolism and fatty acid synthesis with a
potential role in re-myelination. Recently, it has been used
increasingly for progressive forms of Multiple Sclerosis (MS)
after a pilot non-blinded study demonstrated a promising impact
of high-dose biotin (300mg/day) on disease progression and per-
manent disability!. Further interest ensued after a randomized,
double-blind, placebo-controlled study showed sustained rever-
sal of MS-related disability in progressive MS patients taking
high-dose biotin2. While generally safe and well-tolerated, biotin
has been associated with cases of apparent hyperthyroidism, and
investigations indicate that this is likely due to interference with
thyroid assays.

Objectives: To increase awareness in the MS community that
high-dose biotin can cause laboratory changes that mimic
thyrotoxicosis.

Methods: We report a case of a 55-year-old woman with MS
without medical history of thyroid disease who developed labora-
tory abnormalities suggestive of thyrotoxicosis on routine testing.
Thyroid Stimulating Hormone (TSH) 0.032 ulU/ml [Reference
Interval (RI) 0.45-4.5 ulU/ml]; Thyroxine T4, Free-Direct
(T4-Free) >7.77 ng/dL [RI 0.82-1.77ng/dL]. At time of testing,
she expressed no complaints of mood irritability, sleep difficulty,
tachycardia, heat intolerance, diarrhea, or weight loss. Her daily
medications included: dimethyl fumarate 240mg twice daily, low-
dose naltrexone 4.5mg, baclofen 30mg, escitalopram 10mg, biotin
300mg, vitamin D-3 50001U, and vitamin B-complex.

Results: The mismatch between our patient’s clinical symptoms
and her laboratory results suggested the possibility of pseudo-
hyperthyroidism. Prior to any further endocrine work up in our
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patient, biotin was held for three days and repeat testing showed
normalized thyroid lab values: TSH 2.46 ulU/mL; T4-free 1.1 ng/
dL. As confirmation, the patient re-challenged with biotin. This
again resulted in low TSH and high T4-free that normalized after
holding biotin.

Conclusion: High-dose biotin is associated with inaccurate labo-
ratory measurements that mimic thyroid disease; various cases,
published in endocrine or medicine journals, describe excess bio-
tin displacing antigen-antibody complexes used in biochemical
assays resulting in false decrease in analyte measurements>*>9.
MS specialists should be aware of this phenomenon and should
know how to differentiate pseudo-hyperthyroidism from true
endocrine disease to avoid unnecessary testing or treatment.

P076

How Much Testing Is Enough? Evaluating the Stability of
Serial JCV Antibody Tests in Natalizumab Patients

Dr. Eric Williamson' and Mr. Jakob Dobrowolski?

!Hospital of the University of Pennsylvania, Philadelphia, PA,
2University of Pennsylvania, Philadelphia, PA

Background: John Cunningham virus (JCV) can cause a highly
prevalent infection which most often goes undetected. This virus
can opportunistically spread in immunosuppressed patients and
cause a debilitating brain infection called Progressive Multifocal
Leukoencephalopathy (PML). The management of Multiple
Sclerosis (MS) with disease modifying therapies (DMTs), such as
natalizumab, carries the risk of PML. Testing antibody titers
against JCV is the only available biomarker which allows clini-
cians to gauge a patient’s risk of developing PML and, as such,
influences treatment decisions. Higher antibody index values are
thought to signify higher risk. However, the fluctuations in a
patient’s antibody titer over time are still not fully understood and
pose uncertainty around interpreting PML risk from JCV index
values.

Objectives: It has been suggested that patients receiving natali-
zumab treatment have higher rates of JCV seroconversion com-
pared to individuals who are not receiving DMTs. In this
retrospective analysis of JCV index values from MS patients
treated with natalizumab, we explore the variability of the JCV
test by assessing seroconversion rates on sequential tests and ask
how often you have to test to be confident in the patient’s
serostatus.

Methods: We analyzed JCV antibody index values from over 150
MS patients treated with natalizumab at Penn Medicine’s Multiple
Sclerosis Center. All patients in this study had multiple JCV index
values. The average follow-up period for which JCV tests are pre-
sented is over two years.

Results: Of the over 150 MS patients treated with natalizumab,
133 tested negative on their initial JCV test. Around 90% of these
patients went on to remain seronegative on their second test while
we saw around 13% of patients who were negative seroconverting
on their third JCV test. Seroconversion rates among those who
continued testing were up to 19% on a fourth JCV test and over
25% by time of a fifth test and beyond. The majority of initially
seronegative patients stayed negative for the entirety of our two-
year study period but significant numbers of patients converted.
Conclusion: The majority of natalizumab patients who tested
negative for JCV on their first test remained JCV seronegative on
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all subsequent tests. However, the more often patients were tested
for JCV antibodies, the more seroconversions we detected. Over
20% of seroconversions could have been missed if patients were
tested only twice as supposed to four or five times over our
24-month follow-up.

P077

Ocrelizumab Safety in Patients with Multiple Sclerosis:
Updated Analyses with a Focus on Infusion-Related Reac-
tions

Prof. Stephen L Hauser!, Prof. Jerome de Seze?, Prof. Ludwig
Kappos?, Prof. Xavier Montalban*, Prof. Carlo Pozzilli’, Dr.
Carol Jean Guittari®, Dr. Carrie Li7, Dr. Carole Marcillat’,

Dr. David Wormser’, Dr. Hanzhe Zheng® and Prof. Jerry S
Wolinsky, MD?$

!University of California, San Francisco, San Francisco,

CA, ?University Hospital of Strasbourg, Strasbourg, France,
3University Hospital Basel, University of Basel, Basel,
Switzerland, 4Vall d’Hebron University Hospital, Barcelona,
Spain, SSapienza University of Rome, Rome, Italy, °*Genentech,
Inc., South San Francisco, CA, ’F. Hoffinann-La Roche Ltd,
Basel, Switzerland, SMcGovern Medical School, UTHealth,
Houston, TX

Background: Ocrelizumab (OCR) safety/efficacy data from
Phase III studies in relapsing (RMS; OPERA I/Il [NCT01247324
and NCTO01412333]), primary progressive multiple sclerosis
(PPMS; ORATORIO [NCT01194570]) and open-label extension
(OLE) periods (including Phase II data in relapsing remitting mul-
tiple sclerosis [NCT00676715]) are reported to further understand
its long-term benefit-risk profile.

Objectives: To report ongoing safety evaluations from OCR clin-
ical trials.

Methods: OCR recipients received 600 mg doses intravenously
(IV) every 24 weeks in OPERA I/I1 (96 weeks; first dose as 2x300
mg infusions split by 14 days) and ORATORIO (>120 weeks; all
doses split). Patients in the Phase II study received 600 or 2000
mg infusions through Week 24 (both doses split); treatment
through Week 96 was OCR 600 mg (patients starting on 600 mg
dose and those receiving placebo or interferon beta-1a 30 ng) or
1000 mg (those starting on OCR 2000 mg). Comparators were
placebo (ORATORIO and Phase II) and interferon beta-1a (44 ug
subcutaneous/three times [OPERA] or 30 pg intramuscular
weekly [Phase II]). Infusion-related reaction (IRR) prophylaxis
was methylprednisolone (100 mg IV per-protocol) and antihista-
mines and analgesics/antipyretics (recommended). Patients com-
pleting controlled-treatment periods could enroll in OLE with
OCR 600 mg/24 weeks. Data presented are from OCR recipients
(including those switching from comparators) and include serious
infection, malignancy (first event) and common adverse event
(AE) data.

Results: IRRs were the most common overall AE in OCR recipi-
ents during the controlled-treatment periods of the OPERA (=1
IRR, 283/825 patients [34.3%]; pooled analyses) and ORATORIO
studies (>1 IRR, 194/486 patients [39.9%]), most often seen dur-
ing the first infusion, generally mild-to-moderate in severity and
manageable. As of February 17, 2017, 2,301 patients with multi-
ple sclerosis (MS) received OCR, resulting in 7,748 patient-years
of exposure and mean (SD) number of doses received per patient
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of7.3 (3.3). Reported rates per 100 patient-years (95% confidence
interval) were as follows: AEs, 226 (222-229); serious AEs, 7.18
(6.59-7.80); infections, 71.3 (69.5-73.2); serious infections, 1.86
(1.57-2.19) and malignancy, 0.454 (0.316-0.632).

Conclusion: The updated safety profile in the ocrelizumab MS
all-exposure population is generally consistent with that seen dur-
ing the controlled-treatment period in the RMS and PPMS
populations.

P078

Rapid Evolution of Natalizumab-Associated Brainstem
PML-IRIS: Lessons Learned in Diagnosis and Management
Ms. Vasantham Annadurai, B.A.; MS-3, Dr. Aram Zabeti, M.D.,
Ms. Alexa Ann Illingworth, CNP and Dr. Ahmed Z Obeidat,
M.D., Ph.D.

University of Cincinnati, Cincinnati, OH

Background: It is challenging to diagnosis and manage natali-
zumab-associated progressive multifocal leukoencephalopathy
(NTZ-PML). Earlier diagnosis and rapid restoration of immune
surveillance of the brain are necessary. Management includes
plasma exchange (PLEX) or immunoadsorption (IA). However,
immune reconstitution inflammatory syndrome (IRIS) can
develop within days and may lead to detrimental clinical changes
or death. Proper identification of IRIS followed by administering
steroids may help stabilize the patient. Additional measures may
include mirtazapine, maraviroc, and mefloquine

Objectives: To present a challenging case of NTZ-PML and to
review relevant literature.

Methods: Case report and literature review.

Results: A 31-year-old right-handed woman with relapsing-
remitting multiple sclerosis (MS) on natalizumab (JC virus index
of 2.36; finished 96 infusions [personal choice]) with no evidence
of MS activity for the past six years presented with subacute ver-
tigo, dysarthria, left-sided weakness, and ataxia. The symptoms
began six weeks earlier, and she was treated with high-dose ster-
oids for presumed MS exacerbation with no improvement. Exam
revealed severe ataxia, dysarthria, and multi-directional nystag-
mus with preserved cognitive functions. Brain magnetic reso-
nance imaging (MRI) showed patchy T2 hyperintensity in the left
cerebellar peduncle and the brachium pontis. Despite the unusual
location, we suspected PML and started active management.
Spinal fluid analysis showed 24 copies/mL of JC virus confirming
the diagnosis. We used PLEX, mirtazapine, steroids, and maravi-
roc. However, she continued to clinically worsen. Weekly MRIs
showed rapid progression of signal intensity (day 7) and patchy
enhancement (day 24). She continued to show clinical and radio-
graphic progression at day 33 despite continued steroids. We will
provide clinical and radiologic follow-up data at ACTRIMS. A
review of the literature retrieved nine detailed accounts of
infratentorial NTZ-PML. We will discuss various diagnostic and
management approaches including the utility of PLEX in these
cases.

Conclusion: We presented a challenging case of infratentorial
NTZ-PML, initially misdiagnosed as an MS exacerbation, and
which rapidly progressed despite active management. Our case
and other reports of infratentorial NTZ-PML suggest a predilec-
tion for cerebellar peduncles and pons. Furthermore, management
of infratentorial NTZ-PML deserves further discussion especially
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in the context of reports of good outcomes without the use of
PLEX.

P079

B Cell Therapies and Conception: A Review of Risks
Dr. Megan Esch, MD, Dr. Michael Levy, MD, PhD and Dr.
Ellen M Mowry

Johns Hopkins University, Baltimore, MD

Background: A 30 year-old nulliparous woman with relapsing
remitting multiple sclerosis (RRMS) presented for advice about
disease modifying therapy (DMT). She had previously stopped
fingolimod prior to attempting conception but developed severe
clinical and radiographic relapse. She restarted fingolimod but
desires an option to protect herself from relapse while minimizing
risk to a fetus. The use of a B cell-depleting agent prior to concep-
tion was discussed since B cell therapies have a mean terminal
half-life of 19-22 days but a longer therapeutic impact.
Objectives: To analyze the available literature regarding the
safety of B cell-depleting therapies in women before conception
and during pregnancy.

Methods: A Pubmed search was completed using the following
English-language MeSH terms: “Multiple Sclerosis”, “Autoimmune”,
“Pregnancy”, “Rituximab”, “Ocrelizumab”. 20 relevant articles were
included.

Results: 186 pregnancies with rituximab exposure (n=2 neuromy-
elitis optica, n=2 MS, n=182 systemic autoimmune or oncologic
diseases) are reported. Exposure to rituximab was 18 months to 1
week preconception (n=19), first trimester (n=6), or second or
third trimester (n=161). Roughly half of mothers in the second-or
third term group received additional chemotherapies. In the pre-
conception exposure group, one neonate had self-limited B-cell
depletion (total 2%, normal 5-24%) without corresponding infec-
tion. One neonate exposed to first trimester rituximab had mild,
self-limited neutropenia without infection. Of those exposed to
second or third trimester rituximab, 10 had B-cell depletion (one
29-week preterm neonate had severe sepsis, with B cell subsets of
10% and undetectable immunoglobulins at 37 weeks’ gestation). 4
infants without evidence of B cell depletion had moderately severe
neonatal infections. No teratogenicity of rituximab was noted.
Conclusion: Women with active RRMS who wish to conceive
may encounter a decision to discontinue DMT prior to concep-
tion. Whether B cell therapies may be safely administered prior to
conception to women with MS is not certain. The literature is lim-
ited regarding the safety of treatment with B cell-depleting ther-
apy prior to pregnancy. While therapies targeting CD20 are known
to cross the placenta, rituximab and ocrelizumab contain IgGlk
components, which do not cross the placenta until after the first
trimester. There is no consensus regarding timing of discontinuing
B cell-depleting therapy in women desiring to conceive.

P080

Treatment of Natalizumab-Induced PML with Cidofovir or
CMX001 (brincidofovir) and Mirtazapine

Dr. Svetlana P Eckert, M.D.!, Dr. Bianca Weinstock-Guttman,
MD?3 and Dr. David Hojnacki?

!University at Buffalo Jacobs School of Medicine, Buffalo,

NY, 2Jacobs Multiple Sclerosis Center, Buffalo, NY, 3SUNY
University at Buffalo, Buffalo, NY
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Background: Progressive-multifocal encephalopathy (PML) is a
viral brain infection caused by the JC polyomavirus (JCV) which
is often fatal. Published case reports describe beneficial outcomes
in PML treatment with cidofovir combined with mirtazapine in
immunocompromised patients including autoimmune diseases
(i.e. SLE, sarcoid). Cidofovir (CDV) was studied for treatment of
HIV-related PML but had no statistically significant benefit in sur-
vival when added to antiretroviral therapy. To date, there have
been no publications describing patients treated with cidofovir for
PML associated with multiple sclerosis (MS) therapy such as
natalizumab. CMX001 (Brincidofovir), a lipid conjugate of cido-
fovir was developed to provide oral bioavailability, and poten-
tially increased antiviral potency against dsDNA viruses.
Promising studies for its use against JCV DNA replication in vitro
in human fetal brain SVG cultures were done, but only limited
anecdotal data on its use for PML in vivo exists.

Objectives: To describe the clinical outcome of four MS patients
who developed PML while on natalizumab treated with CDV or
CMXO001.

Methods: Retrospective chart review of 4 multiple sclerosis
patients who were diagnosed with PML and treated with either
intravenous CDV or oral CMXO001.

Results: Two male and two female patients were treated for natal-
izumab-related PML in 2011. All 4 patients survived for more
than 5 years after being diagnosed with PML. Three of the patients
were treated with intravenous CDV (5mg/kg every 2 weeks for
4-7 cycles) and mirtazapine. One patient was treated with oral
CMXO001 and mirtazapine. Serial CSF analysis showed an initial
rise in CSF JCV PCR after diagnosis with subsequent decrease in
the copies after treatment with CDV or CMX001. Two patients
developed significant diarrhea while on therapy. Three patients
had significant neurologic recovery, but with mild to moderate
residual cognitive deficits. One patient who remained signifi-
cantly physically disabled after a delayed PML diagnosis died 5
years later.

Conclusion: The review of these 4 patient cases demonstrate that
carly initiation of treatment with CDV or CMX001 and concur-
rent mirtazapine can halt the progression of natalizumab —related
PML and aid in neurologic recovery. More studies are needed to
evaluate this combination of therapy for use in natalizumab-
related PML.

P081

Pulmonary Sarcoidosis Following Treatment of Multiple
Sclerosis with Interferon-Beta

Dr. Matthew T McAdams, MD, Dr. Yosbelkys Martin-Paez,
MD, Dr. Augusto Miravalle, MD and Dr. Meredith Wicklund,
MD

University of Florida College of Medicine, Gainesville, FL

Background: Sarcoidosis is a rare multisystem noncaseating
granulomatous disease affecting middle aged adults of unknown
etiology. Elevated levels of interferon-gamma in alveoli and
serum are associated with pulmonary sarcoidosis. While structur-
ally different to interferon-gamma, Type 1 interferons have been
uncommonly associated with development of sarcoidosis, possi-
bly due to macrophage activation. In particular, sarcoidosis during
treatment with interferon-beta for multiple sclerosis is an exceed-
ingly rare complication.
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Objectives: To present a case of incidentally discovered pulmo-
nary sarcoidosis in a patient receiving interferon-beta for
Relapsing Remitting Multiple Sclerosis (RRMS).

Methods: Case Study and Literature Review.

Results: A 54-year-old female with a 7 year history of RRMS was
most recently treated with Interferon beta-la for two years.
Surveillance imaging of brain and spinal cord showed radio-
graphic progression of multiple sclerosis while incidentally noting
mediastinal lymphadenopathy in the absence of any pulmonary or
systemic symptoms except occasional cough. Dedicated chest
imaging confirmed mediastinal and hilar adenopathy without
radiographic evidence of malignancy or infection. Biopsy revealed
aggregates of epithelioid histiocytes consistent with granuloma-
tous disease without evidence of mycobacterial or other infectious
process. Interferon-betala was discontinued and the patient was
transitioned to alternative disease modifying therapy for RRMS.
Conclusion: Sarcoidosis is a rare, but important to recognize,
complication of interferon-beta therapy for RRMS. Early detec-
tion and discontinuation of interferon therapy is the mainstay of
treatment.

P082

A Case Report of Asymptomatic Progressive Multifocal Leu-
koencephalopathy

Dr. Yinan Zhang, MD, Ms. Crystal Wright, AGNP-BC and Dr.
Angela Flores, MD

University of Texas Southwestern Medical Center, Dallas, TX

Background: Progressive multifocal leukoencephalopathy
(PML) is the leading adverse effect for using natalizumab in the
treatment of multiple sclerosis (MS). Very few cases have
described a completely asymptomatic course of PML.
Objectives: We report the development of asymptomatic PML in
a 24-year-old woman with MS treated with natalizumab.
Methods: The patient was diagnosed with PML based on character-
istic MRI lesions after 27 infusions of natalizumab. She had no neu-
rologic deficits at the time of diagnosis and John Cunningham virus
(JCV) was detected at 15 copies/ml (NIH/NINDS, Bethesda, MD.
USA). She was initially treated with mefloquine and mirtazapine.
Results: The patient remained asymptomatic for three months
and later developed worsening MRI lesions related to immune
reconstitution inflammatory syndrome (IRIS). At that time, she
received intravenous immunoglobulin (IVIG) and high dose intra-
venous methylprednisone with radiographic improvement of the
lesions.

Conclusion: Our report illustrates that early detection of asymp-
tomatic PML and its subsequent treatment resulted in a benign
clinical course. In consideration of the additional small number of
asymptomatic PML cases that have been reported, we conclude
that routine MRI surveillance is important for MS patients who
are at high risk for developing natalizumab-associated PML.

P083

Rebound Relapse in Multiple Sclerosis after Ceassing Fingo-
limod

Dr. Georgina Jose Mejia Del Castillo!, Dr. Raul Carrera Pineda,
Neurologist? and Dr. Brenda Bertado Cortes, Neurologist!
!Centro Medico Nacional Siglo XXI IMSS, Mexico, Mexico,
2Instituto Mexicano del Seguro Social, Mexico, Mexico
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Background: Rebound is defined as a relapse that is clinically
severe accompanied by magnetic resonance imaging (MRI) lesion
activity that surpassed the level of activity before starting the dis-
ease modifying therapy. It is usually related with the recovery of the
lymphopenia induced by the medication once this is suspended.
Objectives: To highlight the importance of identifying this
entity as a potential complication in the safety profile of the
medication.

Methods: Case report. A 56 years old female with diagnosis of
Multiple Sclerosis (MS) since 2013, initially treated with glati-
ramer acetate, switched to Fingolimod in May 2016 because of
high disease activity on MRI, with an Expanded Disability Status
Scale (EDSS) of 2.5. She started 45 days after cessation of
Fingolimod with right hemiparesis and dysesthesia, 2 days later
she developed disorientation, irritability, dysarthria and right cer-
ebellar syndrome, with a new EDSS of 4.0. Lymphocites count
increased from 600 to 1500. MRI showed multiple new T2 and
FLAIR hyperintensities compared to the previous image control:
on left cerebellar peduncle and multiple tumefactive lesions pre-
dominantly on left parieto-temporal lobes, all of them with intense
gadolinium enhancement.

Results: She received 10 days of 1000mg methylprednisolone
and intravenous human immunoglobulin at 1gr/kg, then she
restarted fingolimod as usual. Two weeks later her lymphocite
counts were reduced to 500 and after another two weeks she was
recovered from the cerebellar syndrome and right weakness.
Conclusion: Rebound relapse in cessation of Fingolimod is com-
parable with the previously reported immune reconstitution
inflammatory syndrome in patients with MS following cessation
of Natalizumab therapy. This phenomenon must now be consid-
ered in its risk-benefit ratio when treating patients.

P084

Long-Term Lymphocyte Counts in Patients with RRMS
Treated with Cladribine Tablets 3.5 Mg/Kg: Total Lympho-
cytes, B-, and T-Cell Subsets

Dr. Per Soelberg-Sorensen!, Dr. Fernando Dangond, MD,
MBAZ?, Ms. Christine Hicking? and Dr. Gavin Giovannoni*

! Danish Multiple Sclerosis Center, Copenhagen University
Hospital, Copenhagen, Denmark, >’EMD Serono, Inc., Billerica,
MA, Merck KGaA, Darmstadt, Germany, ‘Queen Mary
University of London, Blizard Institute, London, United Kingdom

Background: In CLARITY, the cladribine tablets (CT) group (3.5
mg/kg) demonstrated significantly lower annualized relapse rates
versus placebo (0.14 vs 0.33; <0.001) at 96 weeks. Lymphopenia
was the most commonly reported adverse event, consistent with
the proposed mechanism of action of CT.

Objectives: To investigate absolute lymphocyte counts (ALCs)
up to 312 weeks and B- and T-cell subsets up to 240 weeks after
the first administered dose of CT, in patients with relapsing—remit-
ting multiple sclerosis (RRMS) receiving 2 annual courses of CT
(3.5 mg/kg cumulative dose) and no further active treatment.
Methods: Data from patients with RRMS randomized to CT 3.5
mg/kg over 2 years in CLARITY or CLARITY Extension, includ-
ing time spent in the PREMIERE registry (N=685), were pooled
to provide long-term follow-up data.

Results: At baseline, median ALC was 1.86x10%L. During Year
(Y)1, ALC reached nadir (1.00x10%L) at 9 weeks post-treatment
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with CT 3.5 mg/kg before gradually increasing. During Y2,
median ALC reached nadir at Week (Wk) 55 (0.81x10%/L), recov-
ered to normal values (>1.00x10%L) by the end of Y2 (Wk96),
and continued to increase thereafter. ALC had returned to normal
values in 75% of patients by Wk144. Median CD4+ lymphocytes
were 851 cells/uL at baseline. After treatment in Y1, CD4+
reached nadir at Wk16 (385 cells/uL) and then gradually increased.
CD4+ reached nadir in Y2 of treatment at Wk60 (292 cells/pL).
Values then gradually recovered, reaching the threshold of 350
cells/uL by approximately Wk120, continuing to improve thereaf-
ter. Median CD8+ lymphocytes at baseline were 378 cells/uL.
CDB8+ reached Y1 nadir at Wk16 (239 cells/uL), then gradually
increased; Y2 nadir was reached at Wk72 (232 cells/uL). CD8+
recovered quickly after treatment and never dropped below the
threshold of 200 cells/pL at any time in the 240-week observation
period. Median CD19+ lymphocytes were 205 cells/uL at base-
line. After Y1 treatment, CD19+ reached nadir at Wk9 (18 cells/
ul); after Y2 treatment nadir was reached at Wk52 (31 cells/uL).
CD19+ then gradually recovered, reaching the threshold of 100
cells/uL by the end of Y2 (Wk96), continuing to improve
thereafter.

Conclusion: Lymphocyte recovery begins soon after CT treat-
ment, with ALC, CD19+ B cells, and CD4+ T cells recovering and
reaching threshold values by 7.5 months, 12 months, and 18
months, respectively, after the last dose in Y2. CD8+ cells never
dropped below the threshold value.

P086

Effectiveness of Lymphocyte-Based Re-Treatment Criteria in
Minimizing the Incidence of Severe Sustained Lymphopenia
with Cladribine Tablets 3.5 mg/kg

Dr. Stuart Cook, Rutgers!, Dr. Giancarlo Comi2, Dr. Gavin
Giovannoni2, Dr. Peter Rieckmann, Dr. Per Soelberg-Sorensen,
Dr. Patrick Vermersch, MD®, Dr. Fernando Dangond, MD,
MBA” and Ms. Christine Hicking®

!The State University of New Jersey, Newark, NJ, *Universita
Vita-Salute San Raffaele, Milan, Italy, >’Queen Mary University
of London, Blizard Institute, London, United Kingdom,
‘Akademisches Krankenhaus Sozialstiftung Bamberg, Bamberg,
Germany, *Danish Multiple Sclerosis Center, Copenhagen
University Hospital, Copenhagen, Denmark, *Université de Lille,
Lille, France, "EMD Serono, Inc., Billerica, MA, $Merck KGaA,
Darmstadt, Germany

Background: In CLARITY the cladribine tablets 3.5-mg/kg
group demonstrated lower annualized relapse rates versus placebo
(0.14 vs 0.33, p<0.001) at 96 weeks. The most common adverse
event was lymphopenia, consistent with the proposed mechanism
of action.

Objectives: To evaluate whether lymphopenia persists following
treatment and re-treatment with cladribine tablets 3.5 mg/kg.
Methods: Lymphopenia incidence rates by grade (National
Cancer Institute Common Terminology Criteria for Adverse
Events v3.0) for patients who were randomized to cladribine tab-
lets 3.5 mg/kg in the 2-year CLARITY study and re-randomized
to cladribine tablets 3.5 mg/kg in the 2-year CLARITY Extension
study (7 mg/kg cumulative dose over 4 years; N=186) are reported.
Patients with Grade 0 lymphopenia (>1.0x10° cells/L) before the
first course of cladribine tablets and Grade 0 or 1 lymphopenia
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(>0.8x10° cells/L) prior to administration of all subsequent
courses in Years 2, 3, and 4 were included in the analysis, accord-
ing to re-treatment guidelines.

Results: 176 patients were Grade 0 at the start of CLARITY and
167 patients were Grade 0 or 1 at the start of CLARITY Extension.
Grade 3 lymphopenia was observed in 1% of patients at Week 13
in Year 1, and in 7%, 11%, and 12% of patients at Week 12 in
Years 2, 3, and 4, respectively. By Week 24 in each of Years 1, 2,
3, and 4, Grade 3 lymphopenia was observed in 1%, 4%, 4%, and
4% of patients, respectively. By Week 36 in each of Years 1, 2, 3,
and 4, Grade 3 lymphopenia was observed in 1%, 2%, 2%, and
2% of patients, respectively. By Week 48 in each year, Grade 3
lymphopenia was only observed in Year 2 (1% of patients).
Occurrence of Grade 3 lymphopenia was reported in <18% of
patients at any single time point. No patients had Grade 4 lympho-
penia at the end of any of the four treatment years.

Conclusion: In patients who were treated according to re-treat-
ment guidelines (i.e., having lymphocyte counts >1.0x10%L
before the first course and >0.8x10%L before up to 3 subsequent
annual courses of cladribine tablets [up to 7 mg/kg cumulative
dose]), no patients experienced Grade 4 lymphopenia at the end of
any treatment year, and Grade 3 lymphopenia was uncommon.
Results of this study demonstrate the effectiveness of lympho-
cyte-based re-treatment criteria in minimizing the incidence of
severe, sustained lymphopenia during four years of treatment with
cladribine tablets.

P087

Lymphocyte Subset Abnormalities in Predominantly His-
panic Multiple Sclerosis Patients Treated with Fingolimod or
Dimethyl Fumarate

Dr. Alexis A Lizarraga, MD, MS!, Dr. Leticia Tornes, MD2, Mr.
Joseph Pittari!, Prof. Kottil W Rammohan, MD? and Dr. Silvia
Delgado, MD?

!University at Buffalo, Buffalo, NY, *University of Miami, Miami,
FL

Background: Abnormalities in lymphocyte subsets are noted in
multiple sclerosis (MS) patients taking both fingolimod and dime-
thyl fumarate (DMF). In clinical trials, absolute lymphocyte
counts (ALC) dropped by 20-30% in patients taking fingolimod
and ALC dropped by about 30% with DMF use. We seek to better
characterize these abnormalities in a predominantly Hispanic pop-
ulation in South Florida, USA.

Objectives: To examine the influence of fingolimod and DMF on
lymphocyte subsets in a predominantly Hispanic MS population.
Methods: This retrospective, longitudinal observational study of
MS patients taking either fingolimod or DMF evaluated lympho-
cyte subset values at baseline, 6 months, 1 year, 2 years after treat-
ment start. Inclusion criteria were a definite diagnosis of relapsing
MS, treatment with either fingolimod or DMF, and availability of
baseline lymphocyte subset values with at least two lymphocyte
subset values. Paired longitudinal analyses comparing treatment
group and ethnic group were conducted for CD4 and CD8 counts
at baseline and month 6, month 12 and month 24. Absolute lym-
phocyte count and lymphocyte subsets were examined by cross-
sectional analysis. Paired ¢ tests were used for longitudinal
analyses and two-sample student ¢ tests for cross-sectional analy-
ses, with statistical significance set at P values < 0.05.
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Results: 46 patients included 11 males and 35 females. Thirty-six
patients (78%) were Hispanic, of which 100% self-identified as
White-Hispanic. Ages ranged from 20 to 57 years, with a median
age of 44.5 years. The median duration of disease was 8.3 years.
Thirty-five and 11 patients were treated with DMF and fingoli-
mod, respectively. Absolute lymphocyte counts decreased over
time in both the fingolimod and the DMF groups. A reduction of
ALC by 56.5% was statistically significant at 2 years of fingoli-
mod therapy compared to baseline values (p=0.0012). In the DMF
group, 2-year ALC was reduced from baseline ALC by 44.0%
(p=0.0009). The mean reduction of CD8 (76.3% ) was more pro-
nounced than that of CD4 (63.2%) (p=0.0016, p=0.0015). CD8+
counts at 1 year and 2 years were not significantly different
(p=0.21). No serious infections were reported.

Conclusion: In this predominantly Hispanic population treated
with either fingolimod or DMF in an academic MS center, lym-
phocyte subset changes over time were observed in a large pro-
portion of patients. The clinical significance of lymphocyte subset
abnormalities in these patients is unclear. Further studies includ-
ing Hispanics are needed.

Environmental Factors

P088

Two Cases of Pediatric Multiple Sclerosis after Human Papil-
lomavirus Vaccination

Dr. Ye Hu, MD, Dr. Leticia Tornes, MD and Dr. Roberto Lopez-
Alberola, MD

University of Miami, Miami, FL

Background: The quadrivalent human papillomavirus (HPV)
vaccine, Gardasil®, was FDA approved in 2006 for prevention of
HPV infection (types 6, 11, 16, and 18) and related cancers. Few
cases have been reported of central nervous system demyelinating
disease including acute disseminated encephalomyelitis, neuro-
myelitis optica (NMO), clinically isolated syndrome and multiple
sclerosis (MS) post-vaccination.

Objectives: To report two cases of MS in the pediatric population
that developed after administration of HPV vaccination with
Gardasil®.

Methods: Case reports and literature review.

Results: Case 1:14 year-old male presented with left retro-orbital
pain and blurry vision in the left eye, diagnosed with left optic
neuritis. He had a second attack of left optic neuritis two months
after initial presentation. Third dose of Gardasil® was given two
weeks prior to presentation.

Case 2: 17 year-old female presented with blurry vision in the
right eye, diagnosed with right optic neuritis. MRI brain showed
right frontal enhancing lesion. First dose of Gardasil® was given
two weeks prior to presentation. She did not receive further doses.
One week after discharge, she experienced intermittent numbness
and weakness in her lower extremities, and blurry vision in the
right eye. Repeat MRI brain showed new left parieto-occipital
enhancing lesion.

For both patients, CSF showed presence of oligoclonal bands.
MRIs of the brain showed presence of white matter lesions
with periventricular and corpus collosal involvement. Rest of
work-up was unremarkable including NMO antibody. Both
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patients were treated with IV steroids for relapses, and started
on disease modifying therapy with interferon beta-la for
relapsing remitting MS after second event. They were followed
for two years.

Conclusion: Despite a large Scandinavian study of almost 4 mil-
lion girls and women, in which nearly 800,000 received HPV vac-
cination, no increased risk of MS or demyelinating disease were
identified (JAMA, 2015; 313[1]:54-61). These 2 cases and the
others that have been previously reported, suggest a temporal
association between HPV vaccination and onset of MS. Although
live, attenuated vaccines are generally not recommended in MS
patients, Gardasil® is an inactivated and recombinant vaccine, and
does not contain any viral DNA. Whether the vaccine increases
the risk of the initial demyelinating event in an already predis-
posed population or triggers the onset of MS, by way of an
immune response, remains to be studied.

Epidemiology

P089

Effect of Age at Puberty on Risk of Multiple Sclerosis: A
Mendelian Randomization Study

Dr. Adil Harroud!2, Mr. John A Morris!-2, Dr. Vincenzo
Forgetta?, Dr. Ruth Mitchell3, Dr. George Davey Smith3, Dr.
Stephen Sawcer* and Dr. J. Brent Richards'»

IMcGill University, Montreal, QC, Canada, *Jewish General
Hospital, Montreal, QC, Canada, 3University of Bristol, Bristol,
United Kingdom, “University of Cambridge, Cambridge, United
Kingdom

Background: Puberty attainment marks a dramatic increase in
MS incidence and the emergence of a female predominant sex
ratio, suggesting that it may be a defining period in MS etiology.
Several epidemiological studies have reported an increased risk of
MS with earlier age at puberty among females, although others
found no association, or an opposite effect. However, these stud-
ies are subject to residual confounding from factors such as obe-
sity which are associated with both puberty timing and MS
susceptibility.

Objectives: To investigate the potential for a causal effect of age
at puberty on MS susceptibility and whether such effects are
mediated by obesity using Mendelian randomization (MR).
Methods: We used genetic variants strongly associated with age
at menarche in a large genome wide association study (GWAS)
meta-analysis involving 329,245 women. The genetic architecture
of puberty timing across both sexes is highly correlated (rgenetic cor-
relation=0-75, p=1.2x10-7), allowing menarche variants to provide
some insight into puberty timing in males as well. The effect of
age at puberty on risk of MS was measured using the latest
International MS Genetics Consortium (IMSGC) GWAS meta-
analysis including 14,802 MS cases and 26,703 controls. The
effect of each variant on MS was weighted by its association with
age at puberty. Estimates were combined using an inverse-vari-
ance weighted meta-analysis. To test whether puberty effects on
MS were mediated by body mass index (BMI), we performed a
multivariable MR incorporating the same puberty-associated vari-
ants along with their effect on BMI, derived from a GWAS of
87,048 individuals.

http://journals.sagepub.com/home/msj



ACTRIMS 24(S1)

51

Results: We selected 375 independent autosomal non-HLA vari-
ants strongly associated with puberty timing. Of those, 372 were
ascertained either directly (n=345) or through a proxy (n=27,
median 1=0.99) in the IMSGC meta-analysis. The inverse-vari-
ance weighted analysis revealed that a 1 year decrease in the age
at puberty increased odds of MS by 8% (OR=1.08, 95% CI 1.01-
1.16, p=0.03). However, the multivariable MR analysis suggested
that after accounting for mediating effects of BMI, there was no
direct effect of age at puberty on MS susceptibility (OR=1.04,
95% CI 0.96-1.13, p=0.36).

Conclusion: This study demonstrates that genetically decreased
age at puberty increases the risk of MS. This association is largely
mediated by the effects of puberty timing on BMI. However, the
pathways underlying a possible effect of age at puberty on disease
course and severity remain unclear.

P090

Predicting Diagnostic Delays in Persons with Multiple Scle-
rosis

Ms. Jinghong Jiangyang, BS, Mr. Justin C Yu, BS and Prof.
Farren B. Briggs, PhD, ScM

Case Western Reserve University, School of Medicine,
Cleveland, OH

Background: Diagnostic delays in multiple sclerosis (MS) nega-
tively impacts long-term outcomes. Elucidating predictors of
delay is imperative for the earlier initiation of therapeutics.
Objectives: To identify predictors of diagnostic delay in persons
with MS (PwMS).

Methods: The study included of 1,497 PwMS participating in the
Accelerated Cure Project. Detailed medical history, socio-demo-
graphics, and behavioral risk factors were collected. Diagnostic
delay was the difference in age at diagnosis and age of 1%t symp-
tom. Diagnostic delay was non-normally distributed, therefore we
conducted data simulations to compare poisson, quasi-poisson,
negative binomial, zero-inflated poisson, zero-inflated negative
binomial, and zero-inflated geometric (ZIG) distributions. Based
on goodness-of-fit statistics, the ZIG model was selected. A zero-
inflated model has two parts: the 1%t part assesses probability of a
delay; the 2n part assesses the relationship between predictors and
delay length. Backward stepwise selection was used to determine
predictors relevant for each part of the ZIG regression model, with
robust standard errors. Variables included gender, birth year, race,
disease subtype, smoking status within Syrs of onset, diagnosis of
obesity, history of infectious mononucleosis (IM), education
level, number of impaired functional domains (FDs; 1, 2-4, 5-8,
and >9 FD[s] impaired), and era of onset (before 1983, 1983-
2000, 2001-2004, >2005; to reflect landmark changes in diagnos-
tic criteria).

Results: The number of impaired FDs and era of onset were the
only significant predictors of probability of a delay.
Polysymptomatic PwMS were significantly more likely to have
no delay than monosymptomatics (odds ratio (OR),4 pp=3.0,
p<0.01; ORsg pps=2.6, p<0.05, and OR. pp=6.0, p<0.01). As
expected, PwWMS with more recent onset were more likely to also
have no delay compared to those with onset in 1983-2000 (OR,,.
2004=17.9; OR.595=34.1; p<<0.001).

Length of diagnostic delay was influenced by multiple predictors.
Older age of onset (p<<0.001), history of IM (p<0.01), being
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black (p<0.01) or other race (p<0.05), experienced shorter delays.
Primary progressives had a 31% increase in delay length com-
pared to relapsing at onset PwWMS. There was suggestive evidence
for a 13% increase in delay length among smokers (p<0.1).
Conclusion: We identified multiple predictors of probability of a
diagnostic delay, and predictors contributing to the length of delay
in PwMS.
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Distinct Effects of Obesity and Vitamin D on Risk of Multiple
Sclerosis: A Mendelian Randomization Study

Dr. Adil Harroud'?, Mr. John A Morris!, Dr. Despoina
Manousaki', Dr. Ruth Mitchell?, Dr. Vincenzo Forgetta!, Dr.
George Davey Smith3, Dr. Stephen Sawcer* and Dr. J. Brent
Richards?

!McGill University, Montreal, QC, Canada, >Jewish General
Hospital, Montreal, QC, Canada, 3University of Bristol, Bristol,
United Kingdom, *University of Cambridge, Cambridge, United
Kingdom

Background: Several lines of evidence support a causal role for
obesity in the development of MS. Although several candidate
pathways have been identified to explain this association, it
remains unclear which is most critical. Vitamin D has been pro-
posed as a possible mediator since increased adiposity leads to
lower levels of circulating 25-hydroxyvitamin D, which in turn
predisposes to MS. Mendelian randomization (MR) studies have
informed the causal effect of obesity on adult-onset MS, but pos-
sible mediation by vitamin D has yet to be assessed.

Objectives: To investigate the direct causal effect of obesity as
measured by body mass index (BMI) on MS susceptibility inde-
pendent of variations in vitamin D levels through MR.

Methods: We selected as instrumental variables genetic variants
strongly associated with BMI in the genome wide association
study (GWAS) meta-analysis by the Genetic Investigation of
Anthropometric Traits (GIANT) consortium, which studied
322,105 European individuals. Corresponding effect estimates for
these variants on MS susceptibility were obtained from the latest
International MS Genetics Consortium (IMSGC) GWAS meta-
analysis (14,802 MS cases and 26,703 controls). The effect of
each variant on MS was weighted by its association with BMI.
Estimates were combined using an inverse-variance weighted
meta-analysis. Next, the effect of the BMI-associated variants on
vitamin D was obtained from a recent study combining whole
genome sequencing and GWAS data in 42,274 individuals. The
BMI and vitamin D effect estimates were combined in a multi-
variable MR analysis to measure the direct effect of BMI on MS
adjusting for vitamin D levels.

Results: We identified 77 genome-wide significant BMI-related
variants in GIANT. A variant in chromosome 1 was excluded fol-
lowing linkage disequilibrium assessment, leaving 76 independ-
ent instruments for analysis. We confirmed the association
between genetically determined BMI and MS susceptibility, with
a standard deviation increase in BMI raising odds of MS by 34%
(OR=1.34,95% CI 1.10-1.64, p=0.003). This association remained
largely unchanged after adjusting for vitamin D levels in the mul-
tivariable MR, with a standard deviation in BMI remaining asso-
ciated with a 33% increase in odds of MS (OR=1.33, 95% CI
1.09-1.63, p=0.005).
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Conclusion: This study demonstrates that the effect of obesity on
MS risk is not mediated only by lowered vitamin D levels. These
findings provide motivation to better understand how obesity
increases the risk of MS.
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Use of the New Oral Disease-Modifying Therapies for Mul-
tiple Sclerosis: The First Five Years

Dr. Solmaz Setayeshgar, PhD!, Dr. Elaine Kingwell, PhD!,

Mr. Feng Zhu, MSc!, Ms. Xinyu Zhang, MSc!, Dr. Tingting
Zhang, MD, PhD?, Dr. Ruth Ann Marrie, MD, PhD?3, Dr. Robert
Carruthers, MD! and Prof. Helen Tremlett, PhD!

!University of British Columbia, Vancouver, BC, Canada,
2Brown University School of Public Health, Providence, RI,
3University of Manitoba, Winnipeg, MB, Canada

Background: Three oral disease-modifying therapies (DMTs) for
multiple sclerosis became available in Canada between 2011 and
2014 (fingolimod, dimethyl fumarate (DMF), and teriflunomide).
An understanding of their uptake at the population-level is needed
to guide future pharmacovigilance research.

Objectives: To describe the uptake of the new oral DMTs and to
compare their use with that of the established first- and second-
generation parenteral DMTs.

Methods: We used prospectively collected population-based
health administrative data from British Columbia, Canada to iden-
tify persons with multiple sclerosis (PwMS) between 2011 and
2015. They were selected using a previously validated algorithm
based on hospital and physician generated diagnostic (International
Classification of Disease) codes. Using province-wide prescription
records, we estimated the rate of uptake for each oral DMT and the
proportion of PwMS using DMTs annually and over the five-year
period. Changes in the annual rates and proportions were examined
using Poisson and Log-Binomial regression. Findings were strati-
fied by sex, age, and socioeconomic status (SES).

Results: Of the 14,148 PwMS identified, 1,019 started an oral
DMT during the study period; equivalent to a rate of 16.6/1,000
person-year (95%CI: 15.6-17.7). On average during this period,
the proportion of PwMS who filled at least one prescription for an
oral DMT was 83/1,000. There was a three-fold increase in uptake
between the first year that each of the oral drugs became available
to the end of 2015. Similarly, the proportion of PwMS who had
used an oral or second-generation parenteral DMTs increased,
while use of the first-generation DMTs decreased by 30%. While
no difference was observed between men and women (p-value >
0.5), uptake and use of several of the DMTs was associated with
younger age or higher SES (p-value < 0.001).

Conclusion: The uptake and use of the new oral DMTs increased
substantially over the first 2 to 5 years after their introduction.
With the increasing uptake and use of the new oral DMTs it will
be important to monitor their risks and benefits in the real world,
population-based setting.

P093

Using Claims-Based Algorithms to Identify High Disease
Activity for Relapsing Remitting Multiple Sclerosis Patients
in US Healthcare Data
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Background: Relapsing Remitting Multiple Sclerosis (RRMS)
accounts for about 85% of all diagnosed multiple sclerosis (MS)
cases. RRMS is characterised by periods of increased disease
activity followed by periods of recovery. High disease activity
(HDA)-RRMS can be characterized, in part, by frequent relapses
or a high burden of brain lesions. Valid identification of patients
with HDA-RRMS in healthcare claims data sources allows deeper
insight into characteristics and predictors of HDA-RRMS, and
may lead to more effective treatment options.

Objectives: To develop and validate a healthcare claims-based
algorithm for HDA-RRMS patient identification in an U.S.
Integrated Delivery Network (IDN).

Methods: Study criteria included MS diagnosis, age > 18 years, >
1 year baseline history, RRMS subtype identified, no progressive
MS disease, no other demyelinating diseases and no pregnancy in
the IDN data for period 2010-2014. In the follow-up year after
index date, the developed HDA-RRMS algorithm required at least
one of the following: 1) > 2 relapses regardless of DMT use or not,
and by a presence of either: hospitalisation or neurology visit with
MS as primary diagnosis; MS symptoms/treatment; plasmapher-
esis; or high dose corticosteroid or ACTH use within 7 days after
admission/visit; ii) > 2 ER visits or hospitalizations with MS as
primary admission or discharge diagnosis; iii) > 3 neurology vis-
its; or iv) > 3 brain or spinal MRIs. A random sample of 141 medi-
cal chart reviews of patients with at least 2 relapses in the
follow-up year regardless of treatment status identified as HDA-
RRMS patients by the algorithm was the “gold standard” for vali-
dation and positive predictive value (PPV) calculations. HDA
cases were assessed by a clinician as Certain, Likely, Possible, or
No. Sensitivity analyses were also conducted.

Results: Of the 141 unique patients randomly sampled from the
2,271 RRMS patient cohort for medical chart reviews for HDA,
123 (87.2%) patients were Certain; 0 Likely, 6 (4.3%) Possible,
and 12 (8.5%) No HDA. The algorithm had PPV of 91.5% (95%
CI: 85.2-95.3%) if including Certain, Likely, and Possible cases as
positive for HDA vs No. The algorithm had PPV of 91.1% (95%
CI: 84.7-95.1%) when excluding Possible or both Likely and
Possible as positive HDA cases.

Conclusion: The algorithm had high PPVs for identifying HDA
among RRMS patients. The developed HDA-RRMS claims-
based algorithm is a promising method for future research for high
disease activity RRMS patients in the healthcare claims
databases.

P094

To Identify Relapses in Relapsing Remitting Multiple Sclero-
sis Patients Using United States Integrated Delivery Network
Claims-Based Algorithm

Dr. Chi T Truong, MD, PhD!, Dr. Aaron W Kamauu, MD

MS MPH2, Dr. Camelia Graham, PhD, MSPH?, Dr. Hannah R
Crooke, PhD, MPH*, Dr. John R Holmén, PhD?, Dr. Christopher

http://journals.sagepub.com/home/msj



ACTRIMS 24(S1)

53

L Fillmore, MD MS?, Dr. Meritxell Sabido-Espin, MD, MPH,
PhD¢ and Ms. Schiffon L Wong, MPH’

IMEDCODEWORLD, Mississauga, ON, Canada, *Anolinx
LLC, Bountiful, UT, 3SPAREXEL International, Portland,

ME, ‘PAREXEL International, Durham, NC, ’Intermountain
Healthcare, Murray, UT, *Merck KGaA, Darmstadt, Germany,
"EMD Serono, Billerica, MA

Background: Many patients have multiple sclerosis (MS) present
with Relapsing Remitting Multiple Sclerosis (RRMS), a subgroup
of MS characterised by exacerbations of disease and periods of
remission. Claims-based algorithms to identify relapses have been
validated previously but only with moderate performance.
Objectives: To develop and validate an operational claims-based
algorithm for relapse identification among RRMS patients in an
Integrated Delivery Network (IDN).

Methods: IDN data (2010-2014) were queried for study inclusion
criteria: MS diagnosis, >18 years old, >1 year baseline history, and
no other demyelinating diseases. The claims-based algorithm for
identifying MS relapses was developed using criteria combined
with an algorithm ascertaining RRMS patients and excluding pro-
gressive MS. The criteria included any of the following during
1-year follow-up after the index date: hospitalization or neurology
visit with MS as primary diagnosis; MS symptoms/treatment; plas-
mapheresis; or high dose corticosteroid or adrenocorticotropic hor-
mone (ACTH) use within 7 days after admission/visit. A random
sample of medical chart reviews of relapses in the follow-up year
as RRMS relapses by the algorithm was the “gold standard” for
validation and positive predictive value (PPV) calculations.
Relapse cases were assessed by a clinician as Certain, Likely,
Possible and No. Sensitivity analyses were also conducted.
Results: Of the 2,271 RRMS patients identified using the claims-
based algorithms, 11,362 unique relapse episodes among 2,029
patients were identified. Of the 89 unique patients randomly sam-
pled from the 2,029 RRMS patient cohort for medical chart
reviews for relapses, 69 (77.5%) relapses were Certain, 6 (6.7%)
Likely, 10 (11.2%) Possible and 4 (4.5%) No relapse. The algo-
rithm had PPV (95% CI) of 95.5% (88.9 - 98.8%) if including
Certain, Likely, and Possible cases positive relapses vs No. The
algorithm had PPV of 94.9% (87.3 - 98.4%) when excluding
Possible, and PPV of 94.5% (86.3 - 98.3%) when excluding both
Likely and Possible as positive relapses.

Conclusion: The algorithm using claims codes performed well
for identifying relapses among RRMS patients. Clinical manifes-
tations of relapses were often captured under codes of the US IDN
data, and are rich sources for the algorithm development. The
developed relapse claims-based algorithm is a promising method
for future MS research to study relapse and disease activity using
the healthcare claims databases.
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Early Clinical Expression of Multiple Sclerosis
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Background: There is evidence suggesting early clinical expres-
sion may predict long-term multiple sclerosis (MS) outcomes;
however, little is known about factors influencing onset heteroge-
neity. Given temporality, we hypothesize MS risk factors contrib-
ute to early clinical expression.

Objectives: To investigate the relationship between MS risk fac-
tors and age of onset (AOO), number of impaired functional
domains (NIFDs) at onset, and early relapse activity (ERA).
Methods: The study consisted of 1,524 persons with MS (PwMS)
participating in the Accelerated Cure Project. Detailed medical
history, socio-demographics, and behavioral risk factors were col-
lected. Genotypic data were available for a subset (N=1,054). The
outcomes were: 1. AOO (age of 1st symptom); 2. NIFDs (based
on 31 symptoms at onset which were classified into FDs by two
neurologists); and 3. ERA (number of relapses in the 2yrs after
onset). For each outcome, we conducted variable selection using
least absolute shrinkage and selection operator (LASSO).
Variables included gender, birth year, race, disease subtype
(relapsing remitting (RR) or primary progressive (PP) at onset),
smoking status within 5yrs of onset, diagnosis of obesity by onset,
history of infectious mononucleosis, education level (as a proxy
for socioeconomic status [SES]), and HLA-DRBI1*15:01. The
relationships between the LASSO selected variables and their
respective outcomes were investigated using linear (AOO) and
negative binomial (NIFDs & ERA) regressions with robust stand-
ard errors. The ERA analysis was restricted to RRMS.

Results: AOO: As expected HLA-DRBI1*15:01 was associated
with earlier AOO, and PWPPMS were older at onset. Lower SES
and being a smoker were significantly associated with earlier
AOO. The obese were 8% older at onset (p=3x10#). Results did
not vary by disease subtype, except among PwPPMS where males
were 12% older than females.

NIFDs: Having RRMS, lower SES, and an older AOO increased
the NIFDs. Obesity was associated with a 15% increase (p=0.04),
while smoking was suggestive of an 8% increase (p=0.07) in
NIFDs.

ERA: The obese had a 30% increase in ERA compared to those
who were not (p<0.01). Younger AOO and lower SES were also
associated with greater ERA. There was suggestive evidence for a
13% increase among smokers (p=0.06).

Conclusion: We conducted a comprehensive investigation of
early clinical expression in PwMS. There were multiple signifi-
cant associations; of note, obesity was associated with older AOO
and increases in NIFDs and ERA.
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Patterns and Trends of Healthcare Utilization Among People
with Multiple Sclerosis in the Age of Disease-Modifying
Modifying Therapy

Dr. Michael C Isfort and Dr. Zongqi Xia, M.D., Ph.D.
University of Pittsburgh, Pittsburgh, PA

Background: Multiple sclerosis (MS) has high socioeconomic
burden. Cost of disease-modifying treatments (DMT) is a major
contributor to the healthcare expenditure.

Objectives: To investigate healthcare utilization in people with
MS in relation to DMT usage.

Methods: We performed retrospective analyses of aggregate
administrative claim data from a large commercially insured
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population. MS cohort entry is defined as having >=3 separate
occurrences of the International Classification of Diseases
(ICD)-9 code for MS. We assessed the trend of healthcare expend-
iture: (1) 6 months before to thel2 months after MS cohort entry,
(2) 6 to 36 months after DMT initiation. For all available DMTs,
we compared the mean healthcare expenditure during the study
period and mean treatment duration. For a given DMT, we calcu-
lated the incidence rates per 100 person years of the following:
hospitalizations, outpatient doctor visits / neurology visits, mag-
netic resonance imaging (MRI) studies of brain and spinal cord,
and steroid infusions. We then calculated the incidence rate ratios
(IRR) of a given DMT with interferon-beta as reference and com-
pared incidence rates among DMTs using Poisson Regression,
adjusting for total healthcare expenditure at 6 months prior to MS
cohort entry and Bonferroni correction.

Results: We assessed 55,520 people with MS from a population
of >10 million people across the US between 2004 and 2013:
mean age = 45 years, female to male ratio = 3.24:1, period preva-
lence = 525 per 100,000 (0.52%). Mean healthcare expenditure is
significantly higher at 6 and 12 months after MS cohort entry than
at the 6 months prior entry (p<0.001). Among DMTs following
treatment initiation, patients receiving interferon-beta have the
lowest mean healthcare expenditure at each time period, whereas
those who receive natalizumab have the highest cost at 24 and 36
months after DMT initiation (p<0.001 for all comparisons). For
incidence rates of healthcare utilizations outcomes across DMTs
with interferon-beta as reference, patients receiving mitoxatrone
had the highest incidence rate in doctor visits and steroid infusions
(p<0.001 for all comparisons), whereas patients receiving natali-
zumab showed the highest incidence rate in neurology visits and
MRIs of the brain (p<0.01 for all comparisons).

Conclusion: This large-scale examination of healthcare utiliza-
tion in relation to MS treatments highlights the need for prospec-
tive comparative studies towards value-based medicine.

P097

The North American Registry for Care and Research in Mul-
tiple Sclerosis

Prof. Anne H Cross, MD!, Prof. Kottil W Rammohan, MD?2, Dr.
David E Jones, MD3, Ms. June Halper, MSN, APN-C, MSCN,
FAAN. CEO. CMSC*, Ms. Sara McCurdy Murphy, BA’, M.
Lisa Patton Perry, BS?, Dr. Edward J Fox, MD, PhD®, Dr. Lori
Mayer, DNP, MSN, RN7 and Dr. Michael K Racke, MD?
!Washington University in St. Louis, St. Louis, MO, 2University

of Miami, Miami, FL, 3University of Virginia Health System,
Charlottesville, VA, *Consortium of Multiple Sclerosis Centers,
Hackensack, NJ, Social & Scientific Systems, Inc., Silver Spring,
MD, SCentral Texas Neurology Consultants, Round Rock, TX,
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Background: Numerous databases exist internationally and have
been ongoing for several years. Until recently, a database linking
Multiple Sclerosis (MS) centers in North America (NA) has been
absent. The North American Registry for Care and Research in
MS (NARCRMS) was developed to allow stakeholders to freely
access de-identified data and is the first database to link MS
Centers in NA. This database captures clinical records and patient-
reported and clinician-reported outcomes.

Multiple Sclerosis Journal 2018;24: (SI) 11-117

Objectives: To develop a clinician-based registry and database
linking many MS centers across NA to acquire longitudinal out-
comes of people with MS. NARCRMS aims to be a repository
of clinical, genetic and radiological data, and biomaterials for
developing biomarkers. NARCRMS plans to develop Research
Interest Groups from within participating centers to promote
collaborations to address specific unanswered questions related
to MS.

Methods: NARCRMS is a special project of the Consortium of
Multiple Sclerosis Centers (CMSC) and is overseen by the CMSC
Board of Governors. The NARCRMS Steering Committee, com-
prised of key leaders in the field, sets policies for operations and
is developing strategies for expanding collaborations with other
registries. Inclusion criteria require disease onset of CIS or MS
within the prior 10 years, age at enrollment of 18-50, inclusive,
and EDSS < 6.5. This HIPAA-compliant registry uses the
OpenClinica application with password policies, audit history,
role based access control, and a user access log. NARCRMS cur-
rently receives funding from the CMSC and several industry
supporters.

Results: Eight MS centers are currently NARCRMS sites. As of
September 1, 2017, 83 people with CIS or MS are enrolled. 17 are
males, 65 are female, and 1 is transgender male. Self-identified
races represented are: African American (11), Caucasian (53),
African American/Caucasian (2), native American (1), Pacific
Islander (1), Asian (2) and no information (NI, 13). Eleven self-
identify as Hispanic with the remainder non-Hispanic (53),
unknown (2) or NI (11). Ages at diagnosis range from teenage (17
aged 15-19 years) to middle-age (6 aged 50 years or more).
Birthplaces include 17 different US states, and 4 other countries
(Jordan, Canada, Bahamas, Saudi Arabia).

Conclusion: NARCRMS is in operation and actively enrolling
people with MS who meet inclusion criteria. We expect to eventu-
ally have 20 sites, chosen to geographically represent all regions
of NA.
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Mortality and Comorbidity Distribution in MS By Race/
Ethnicity, Age, Sex: An Analysis of a US Population-Based
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Background: Multiple Sclerosis (MS) is a chronic demyelinating
disease of the CNS where comorbidities increase the risk of mor-
bidity and mortality in MS. Whether such comorbidities differ
from the general population in US based cohorts is still lacking, in
particular racial and ethnic-specific estimates that could be help-
ful in identifying groups at risk.

Objectives: To examine the distribution of multiple causes of
death as a proxy of comorbidity among MS vs. non-MS related
deaths in the US by sex, age, race/ethnicity (Non-Hispanic White,
Black, Hispanic, Other).

Methods: We used the 2011-2015 Multiple Cause-of-Death
Mortality Data of the National Center for Health Statistics for anal-
ysis. We identified deaths in the US with MS listed as underlying
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or contributing cause of death and other US deaths excluding MS.
We examined the distribution of all other causes of death as
recorded in their death certificates by age, sex, and race/ethnicity
using ICD-10 codes as proxies for comorbidities.

Results: A total of 28,861 MS related deaths were identified com-
pared to 12,989,666 non-MS related deaths. The most common
comorbidities in the MS cohort, were diseases of the circulatory
(25.4%) and respiratory system (16.9%) compared to 31.5% and
11.6% respectively for the non-MS cohort. Neoplasms were more
common in the non-MS cohort (13.5% vs. 7.1%). When examin-
ing comorbidities by race and ethnicity in those with MS, diseases
of the respiratory system (16.9%) were reported more in non-His-
panic white males (17.8%). Diseases of the circulatory system
were more frequently reported in MS blacks (28.5%) throughout
all age ranges with cardiac arrest being the most recurrent sub
classification. MS-related injury and poisoning (3%) at the time of
death was more common in Hispanics than in any other race/eth-
nicity. In general, patients with MS who die young (age 20-29)
were more likely to have diseases of the respiratory system
(22.3%) compared to non-MS individuals of the same age group
where external causes of morbidity (35.4%) such as environmen-
tal events and circumstances (e.g. falls, accidents, assaults) were
more common.

Conclusion: This nationwide population-based study confirms
prior observations that disorders of the cardiovascular and respira-
tory systems remain the most common underlying or contributing
cause of death in MS and non-MS individuals. It also exposes that
a significant difference in comorbidity distribution by age exists
between MS specific ethnic groups.
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Background: Multiple sclerosis (MS), the etiology of which is
still unknown, is a common autoimmune disease in Caucasian
populations. Ecuador is a country with a low prevalence of MS.
Ecuador is made up of 4 regions, one of them, the Andean Region
at 3500 meters above sea level has the highest concentration of
Amerindian population. To date, there are no epidemiological
studies on MS in the Andean Region of Ecuador.

Objectives: To analyze the epidemiological behaviour of MS in
the Andean Region of Ecuador.

http://journals.sagepub.com/home/ms;j

Methods: We performed a descriptive study of patients with MS
who visited reference centres in the Andean region for diagnosis
and treatment of MS. These centres of reference are Carlos
Andrade Marin Hospital, Eugenio Espejo Hospital y Militar
Hospital in Quito and José Carrasco Hospital in Cuenca. Patients
included in the study were those who met the McDonald 2010
diagnostic criteria for MS and who lived for at least one year in
the Andean Region of Ecuador. Demographic data of the popula-
tions were obtained from the database of the National Institute of
Statistics and Censuses (INEC).

Results: We identified a total of 157 MS patients. The mean age
of the population was 41.85 years old (DS +/- 12.38). The female
/ male ratio was 2: 1. Ninety one percent of the cases were
relapsing remitting MS. The provinces of Pichincha and Azuay,
where the lowest percentage of indigenous population (5.1% and
2.3%, respectively) were found, had the highest diagnostic rates
of MS per 100,000 inhabitants, 4.49 and 4.08, respectively.
Provinces in which the indigenous population is larger such as
Bolivar and Cotopaxi (21-24%) have the lowest number of MS
cases, with rates of 0.75 and 0.64 per 100,000 inhabitants respec-
tively. Seventy seven percent of MS patients come from cities in
which the population is Caucasian and Mestizo (Quito and
Cuenca). We did not find patients with MS who were born or
lived in Amerindian communities. Twenty five percent of the
patients are first, second and third-degree descendants of
European migrants.

Conclusion: This is the first study of MS in the Andean region of
Ecuador. The greatest number of cases of MS come from prov-
inces and cities where the population is Mestizo and Caucasian.
None of the patients came from Amerindian communities. This
suggests that the presence of MS in Ecuador may be due to the
introduction of MS susceptibility genes during European migra-
tions. It is necessary to carry out genetic studies to confirm what
was observed in the presented study.
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PharmD?, Ms. Monique LaRocque, MPHS, Ms. Melissa Glim,
MPH¢ and Ms. Hollie Schmidt, MS3

!University of Massachusetts Medical School, Worcester,

MA, ?University of California, San Diego, San Diego, CA,
3Accelerated Cure Project for MS, Waltham, MA, *Genentech,
Inc., South San Francisco, CA, *Biogen, Weston, MA, ®Feinstein
Kean Healthcare, Washington, DC

Background: Racial and ethnic disparities in medical research
participation have been documented for many diseases, and these
disparities exist in multiple sclerosis (MS) research as well. The
multi-stakeholder MS Minority Research Engagement Partnership
Network was formed to better understand and address the problem
of underrepresentation of minority participants in MS research. To
support their objectives, network members identified a need for
MS-specific information on factors that influence minority par-
ticipation in research.
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Objectives: The objectives of this study were to (1) survey people
with MS about research perceptions and preferences, including
preferences regarding specific study attributes; and (2) analyze
preference data to identify the most preferred and disliked study
attributes overall, as well as differences in responses among racial
and ethnic groups.

Methods: Network members developed a Web-based survey with
English and Spanish versions to gather data on research experi-
ence, concerns, and preferences among people with MS.
Invitations to take the survey were distributed by network mem-
bers and partner organizations.

Results: The survey was completed by 2611 participants with
MS (2114 Caucasian, 216 African-American; 188 Hispanic;
year of birth 1965 + 12; 521 diagnosed > 20 years ago; 869
treated at an MS center; 1026 previously participated in MS
research). Study attributes consistently preferred across all
groups (no difference between the groups) included benefits of
the study to people with MS; interest in the research topic; and
provision of study results and of individual test results to the
participant. Study attributes disliked similarly across all groups
included the potential for harms to health; inconvenient study
clinic location; lack of payment for out-of-pocket costs; and
confusing study information. Study attributes in which prefer-
ences differed between racial and/or ethnic groups included
being compensated for participation (p= 0.04); study informa-
tion being sent via the Internet (p= 0.006); family support for
participating in the study (p= 0.01); and benefits of the study to
the respondent’s racial group (p= <0.001).

Conclusion: Through an Internet survey we have gathered data
about research attitudes and preferences among people with MS
from different races and ethnicities. Our findings about prefer-
ences for research study attributes can be applied by investigators
aiming to recruit a diverse study population.

P101

Clinical Features of Multiply Sclerosis in Adult Patients in
High Mountain Area of Kyrgyz Republic

Dr. Nargiza Chekeeva

National Hospital under Ministry of Health of Kyrgyz Republic,
Bishkek, Kyrgyzstan

Background: The high altitude is one of the factors for hypoxia
development, which changes immunoreactivity under long-term
conditions. 90% of the territory of the KR is above 1500 m above
sea level, the climate is sharply continental

Objectives: The objective of this study is to determine the fea-
tures of the course of MS, clinical polymorphism in the mountain-
ous terrain conditions of the KR

Methods: The study was conducted at the base of the National
Hospital of the Kyrgyz Republic on the basis of the database (47
persons, 27 of them are women) with a reliable diagnosis of MS
by the criteria of C.M. Poser et al and McDonald et al., all patients
lived in a mountainous area, the average altitude above the sea
level was 1700+ 200 m.

Results: The debut of RS was averagely 27.4 £0.4 years (min-16,
max-48). The remitting course of the disease was 69.8%, the sec-
ond-progressive was 26%, the primary-progressive was 4.2%.
The typical course was observed in 65.3% of patients, the atypical
one was in 34.65%. The atypical course of MS manifested in the

Multiple Sclerosis Journal 2018;24: (SI) 11-117

form of long-term remission (more than 30 years), malignant or
vice versa benign course, the presence of concomitant vascular
diseases of the brain, which clinically blurred the aspect of MS.
When analyzing the altitude of living above the sea level, the fol-
lowing results were obtained: 6.8% of patients lived at an altitude
less than 1000 m, 55.3% - at the level of 1500 m, 12.7% - 1800 m,
25.53% - more than 2500 m above sea level.

When analyzing the degree of dependence between disability of
patients and level of the sea at which they permanently live, it was
found that in patients living at an altitude of less than 1500 m at
sea level, the course of MS has a steadily progressive type.
Patients who permanently live at an altitude of more than 2500 m
have atypical forms of disease course, with a tendency to long-
term stabilization, a benign course, which is probably due to the
presence of relative hypoxia in the highlands, which causes
changes in the immunoreactivity of the organism.

Conclusion: In view of the heterogeneity of the etiology and
pathogenesis, as well as the influence of exogenous factors affect-
ing the course and development of M, the study of the features of
the course of MS in high altitude conditions remains highly topi-
cal. Distinctive features of MS in high-mountainous areas of the
Kyrgyz Republic can be considered as slow progression of the
disease, which is possibly associated with climatogeographic
features.

P102

Overview of the North American Registry for Care and
Research in MS (NARCRMYS)

Prof. Kottil W Rammohan, MD!, Ms. June Halper, MSN,
APN-C, MSCN, FAAN. CEO. CMSC?, Ms. Sara McCurdy
Murphy, BA3, Ms. Lisa Patton Perry, BS? and Dr. David E
Jones, MD*

1University of Miami, Miami, FL, ?Consortium of Multiple
Sclerosis Centers, Hackensack, NJ, 3Social & Scientific Systems,
Inc., Silver Spring, MD, *University of Virginia Health System,
Charlottesville, VA

Background: Multiple Sclerosis (MS) is a highly variable disor-
der with an unpredictable course in every patient. While much can
be learned from the care of individual patients, factors that modify
the course of MS can only be understood from population studies.
Registries have been helpful in understanding other widely
diverse disorders like cancer and stroke, but a MS registry in the
United States is lacking.

Objectives: The North American Registry for Care and Research
in MS (NARCRMS) was created to collect population-based
information on MS. Patients from across North America will
participate. Objectives include collecting information in an
organized manner and generating knowledge about every aspect
of MS.

Methods: NARCRMS is a project of the Consortium of Multiple
Sclerosis Centers (CMSC). The project was conceived in 2013 and
implemented by 2016. It is a collaborative partnership of industry,
MS centers in universities and general practice and patients. Social
& Scientific Systems, Inc. in Silver Spring, MD serves as the
Operations Center, Information Technology (IT) Core and Data
Management Center. NARCRMS will enroll 1,000 patients in a
longitudinal follow up study across 20 centers over the next 5 years
with each center contributing data on 50 patients. The database is
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cloud-based and all stakeholders including patients will have
access to the de-identified data through a reporting portal. The IT,
Clinical, and Health Economics and Outcome Research (HEOR)
cores are operational. Neuroimaging, Biomarker, Genetics,
Experimental Therapeutics, Epidemiology & Biostatistics,
Bioinformatics, Brain-Banking and Neuropathology Cores will be
implemented. The Neuroimaging core is expected to go live by Q4
2017 and the Biomarker core in mid-2018. To date, 92 patients
from nine sites have been enrolled. Enrollment of the first 100
patients is expected by the end of 2017, with one-year follow up
data available for 21 patients. Comprehensive environmental, soci-
oeconomic, mental and cognitive information will be collected to
assess the impact of current therapies and estimate the cost of MS
care on an on-going basis.

Results: From a concept in 2013, NARCRMS, the first national
MS database in North America is now a reality.

Conclusion: A viable model to sustain a national MS database has
been developed and implemented. NARCRMS in conjunction
with other international databases is expected to provide valuable
information on MS and help eradicate this disorder.

P103

Multiple Sclerosis at Onset and Its Relationship to Endocrine
Comorbidities

Dr. Angel Chinea, MD!, Ms. Cristina Rubi, BS?, Ms. Astrid

K Diaz-Quinones, BS?, Dr. Ivonne Vicente, MDZ2, Mr. Allan
Reyes?, Ms. Melissa Morales!, Ms. Wilnelia Medina' and Mr.
Dionisio Luis Acosta’

!San Juan Bautista School of Medicine, Caguas, Puerto Rico,
2San Juan MS Center, Guaynabo, PR, 3San Juan MS Center,
Guaynabo, Puerto Rico

Background: Multiple Sclerosis (MS) is an autoimmune disorder
of variable clinical presentation. Several subsets of endocrine dis-
eases (ED) have an autoimmune component in their etiology. MS
and some ED have similar symptom presentation including
fatigue, weakness, sensory dysfunctions, and depression. This can
cause masking of diagnosis of either disease by the other. Some
MS disease modifying therapies (DMTs) affect ED and should not
be prescribed to affected patients. Vitamin D (VitD) deficiency
has been related to autoimmune conditions such as MS, diabetes
mellitus (DM), and hypothyroidism. It has previously been
reported that Hispanic MS (HMS) patients have abnormal levels
of VitD.

Objectives: Establish the number of HMS patients that present at
diagnosis a chronic ED

Methods: Cross-sectional study was performed on a sample of
MS patients in Puerto Rico. The population data was obtained
from data recorded at San Juan MS Center. Data was obtained at
onset from patients that were diagnosed from 2014-2016 and it
included disease comorbidity information. Descriptive statistics
were used to analyze the dataset

Results: 320 MS patients diagnosed from 2014-2016 were ana-
lyzed for chronic ED previous to their MS diagnosis. 24.4%
(78/320) of patients had an ED comorbidity. Specifically, 6.9%
had DM, 13.4% had thyroid disease, 6.3% had hyperlipidemia,
2.5% had hypoglycemia, and 0.3% had osteoporosis. The major-
ity of these patients were women, 76.3% (244/320), with only
23.8% (76/320) male patients. Important to note that one patient

http://journals.sagepub.com/home/ms;j

could have more than one comorbidity. The average age of the
analyzed patients was 38. For females, the average age was also
38 and for males it was 37. The average age of patients diagnosed
with ED and MS was 43. The average age for males with ED was
46 and for women it was 42.

Conclusion: MS and several chronic ED are autoimmune disor-
ders. Here we show that there is a high prevalence of ED among
HMS patients before MS diagnosis (24.4%). MS and ED share
some symptom presentation and could lead to masking of the
diagnosis. It is important to treat these conditions simultaneously
because MS could progress faster for patients with uncontrolled
ED. VitD abnormities are common in Hispanic populations and it
has been associated with MS and ED. Further analysis is needed
to establish a possible link between VitD, MS, and ED. It is criti-
cal to establish the relationship between them in order to provide
better DMT prescription and efficacy.

P104

The Current Situation of the Multiple Sclerosis in the
Department of Tlemcen

Prof. Djaouad Bouchenak Khelladi

University of Tlemcen, TLEMCEN, Algeria

Background: The current situation of the Multiple Sclerosis in
the Department of Tlemcen (ALGERIA)

Objectives: Determining the epidemiology, clinical and develop-
mental MS patients for three years, hospitalized at the Neurology
Department of the University Hospital of Tlemcen.

Methods: Retro-prospective study of patients with MS confirmed
by the 2010 McDonald criteria hospitalized at neurology depart-
ment during three years, the period January 2013 to December
2015. All ages confused. All patients received a spinal MRI cere-
brospinal complemented by a study of CSF.

Results: 93 patients documented during the study period:
-Department of Tlemcen 76 patients

-South West 07 patients

-Neighboring Departments (Ain Temouchent, SBA, Mostaganem,
Saida, Relizane) 10patients

—74 2(79,57%) / 19 3(20,43%) => sex ratio = 3,89 (female
predominance)

—Average age 32,6 years

—Familial cases 10%

—The low incidence could be explained :

—geographical location known to be low with average preva-
lence: 5-30 /100 000 H (Kurtzke ,1980),and 26.3 /100 000 H
(Barka, 2013 Tlemcen CHU),

—Low density in neurologists, lack of diagnostic means, and
nature of the population studied (oftenhospital cohort),

—Net female predominance in our cohort , sex ratio = 0.26
(Cohort Pr Barka - Tlemcen: 0.5, Cohort Dr.Benabadji - Tlemcen:
0.42, Agnes Fromont. 2012: 0,37(epidemiological Study of the
multiple sclerosis in France)

Conclusion: The Multiple Sclerosis is a crippling disease affect-
ing especially the young subject. The region of Tlemcen stays a
zone of low incidence (stable incidence between 2 and 3/100.000
H/ year) and of average prevalence (26,3/100.000 H).

According to our study, we confirm the very significant North-
South gradient. Each year, on average of 30 patients have MS in
the department of Tlemcen.
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Mood Disorders in Multiple Sclerosis: About 100 Patients
Collected in the Service of Neurology University Hospital of
Tlemcen

Prof. Djaouad Bouchenak Khelladi

University of Tlemcen, TLEMCEN, Algeria

Background: Mood disorders in multiple sclerosis: About 100
patients collected in the service of Neurology University Hospital
of Tlemcen (ALGERIA)

Objectives: To study the prevalence of mood disorders in type of
major depression, dysthymia and hypomania in patients with mul-
tiple sclerosis.

Methods: Cross-sectional study on 100 patients with confirmed
multiple sclerosis (MRI Clinic + cerebro-spinal +/ - PL). The evalu-
ation of symptoms is made using a questionnaire: the MINI DSMIV.
The MINI DSMIV is a structured interview exploring the major psy-
chiatric disorders of Axis I DSM IV. The expected responses are
binary (yes or no). The collection and analysis of data is done on
SPSS. Statistical tests used: For the comparison of means: The test
of x2 and for the comparison of percentages: Does the student.
Results:

-100 Patients included in the study with a mean age of 36.6 + 10,
78, 80% are women and 20% men.

- 26% of patients have a family member with MS (aunt, uncle,
niece or nephew).

-86% Are put under interferon type of treatment (Rebif, Avonex
and Betaferon).

-The Pattern of the first consultation varies, motor disorders
(40%), visual disturbances (28%), sensory disturbances (21%)
and balance disorders (11%).

-Seniority Disease is on average 7.38 & 6 years, 52.

-The Mood disorders were present in 85% of patients were as fol-
lows: - The dysthymia (63.8%)

- A hypomania (20.2%)

- A major depressive episode (16.3%)

- The features are:

-81% Are women and whose ¥ want one doctor.

-85% Are under interferons whose distribution by type of treatment
is: Avonex (35.29%), Betaferon (29, 41%) and Rebif (35, 29%)
-15% Refused any medication.

-the beginning of treatment was 4.3 + 3.73 [1-16]

- 79,01% of patients have disease evolution under 10 years old
with a leading two chi is 0.26.

-Number of hospitalization 2.32 + 2.22 [0-10] and an odds ratio of
1,417 [0.369 -5.432]

Conclusion: Our results emphasize the importance of mood dis-
orders in MS population and their correlation with interferons to
detect as soon as possible. Because of their frequency and impact
on quality of life, it seems necessary to pay special attention to
these disorders.

Experimental Models

P106 Hindlimb Clasping-Onset EAE Models Secondary-
Progressive Multiple Sclerosis

Dr. Lindsay S Cahill, PhD!, Dr. Monan A Zhang, Ph.D.2, Ms.
Laura Woo, B.Sc.!, Ms. Heather Whetstone, M.Sc.!, Ms. Linda
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Fei Zhao, PhD (c)?, Mr. Thomas S Przybycien?, Ms. Melika
Pahlevan Sabbagh?, Dr. John G Sled, Ph.D.! and Dr. Shannon E
Dunn, PhD34

!The Hospital for Sick Children, Toronto, ON, Canada, the
University of Toronto, Toronto, ON, Canada, 3University of
Toronto, Toronto, ON, Canada, ‘Toronto General Hospital
Research Institute, Toronto, ON, Canada

Background: Experimental autoimmune encephalomyelitis
(EAE) is a common animal model of multiple sclerosis (MS) that
has been instrumental in understanding the events that can lead to
MS relapses. Typical EAE has been a less effective model of pro-
gressive MS. Though axon injury does occur, it is very rapid and
acute, making it difficult to intervene with neuroprotective thera-
pies. In the course of examining the role of the nuclear receptor
peroxisome proliferator-activated receptor oo (PPARa) on EAE
development, we made the serendipitous observation that female
2D2* (myelin oligodendrocyte glycoprotein T cell receptor trans-
genic) mice on the PPARa heterozygote (Het) background devel-
oped an atypical presentation of EAE that was characterized by
hindlimb clasping.

Objectives: To characterize the immunological and pathological
basis of this neurological presentation in Het 2D2* mice.
Methods: Mice were scored for the severity of clasping signs
until 9 months of age and performance on rotarod and hanging
grip tasks was measured at 3, 6, and 9 months of age.
Histopathological analysis of inflammation, demyelination, and
neuron loss was conducted. High-resolution 3D MR images were
acquired in middle-aged (8 month old) mice and used to measure
spinal cord volume and structural alterations in the brain. Immune
studies were performed to understand the immunological basis of
the hindlimb clasping phenotype.

Results: We observed that female Het 2D2* mice exhibited a
waxing and waning of hindlimb clasping signs with a concur-
rent gradual increase in neurological disability with age. This
neurological progression correlated with a worsening of perfor-
mance on rotarod and hanging grip tasks. Histological analysis
revealed that clasping onset associated with the presence of
mild inflammation in the dorsal spinal cord and adjacent nerve
roots. The brain was largely spared from inflammation with the
exception of the optic nerves that were consistently infiltrated
by T cells. By middle age, CNS inflammation became more
sporadic, but compared to Het mice that did not carry the 2D2
transgene, Het 2D2* mice exhibited a loss of neurons and atro-
phy of the spinal cord and brain regions that were contiguous
with affected axon tracts. Immunological studies revealed that
the higher penetrance of the clasping phenotype in Het com-
pared to WT 2D2* mice associated with a T helper 17 bias in the
immune response.

Conclusion: Clasping-onset EAE with age models the neuron
loss associated with progressive MS.

P107

Experimental Autoimmune Encephalomyelitis (EAE) Exac-
erbates Visual System Pathology Relative to Cuprizone
(CPZ) Induced Demyelination

Ms. Maria Sekyi, B.S., Dr. Kelli Lauderdale, PhD, Ms. Joselyn
Soto, B.S., Ms. Hawra Karim, MS and Ms. Anna Khalaj
School of Medicine at UC-Riverside, Riverside, CA

http://journals.sagepub.com/home/msj


mailto:dunn.shannon14@gmail.com
mailto:dunn.shannon14@gmail.com

ACTRIMS 24(S1)

59

Background: Visual pathology, a prevalent feature of multiple
sclerosis (MS), is characterized by impaired visual function,
inflammation, demyelination, and axonal damage. Although
minimally-invasive visual assessments are increasingly used
clinically to assess disease course in MS patients, longitudinal
studies investigating visual pathology in mouse models are lack-
ing. The lymphocyte-mediated chronic experimental autoim-
mune encephalomyelitis (EAE) model and the non-lymphocyte
mediated cuprizone (CPZ) demyelination model may have dif-
ferential effects on visual pathway pathology due to the enhanced
inflammatory environment characteristic of EAE. Because MS is
an inflammatory, demyelinating and neurodegenerative disease,
understanding differences in visual pathology in these two mod-
els is vital for developing pharmacological targets and testing
potential pharmaceuticals.

Objectives: To assess longitudinal visual pathway dysfunction in
the lymphocyte mediated EAE and non-lymphocyte mediated
CPZ demyelination mouse models of MS.

Methods: Minimally invasive longitudinal optical coherence
tomography (OCT), electroretinograms (ERG), and visually
evoked potentials (VEP) data were collected on PLP-eGFP and
C57BL/6 mice fed 0.2% CPZ or induced with EAE at early, peak,
and late disease stages. Inmunohistochemistry was performed for
assessment of visual pathway structures.

Results: OCT indicated decreased thickness of whole retina and
retinal nerve fiber layer (RNFL) of EAE mice at late timepoints.
ERG and VEP amplitudes and latencies were impaired in EAE
mice at early and peak disease timepoints, but improved at late
disease stages. Immunohistochemical analysis showed significant
demyelination in visual pathway areas of EAE mice, coupled with
axonal damage and inflammation in other visual pathway areas.
Conversely, CPZ demyelination induced no change in RNFL
thickness but increased retinal thickness at all timepoints. VEP
amplitudes and latencies were also impaired in CPZ mice but to a
lesser extent than in EAE.

Conclusion: Longitudinal assessment of retinal structures and
visual pathway function reveal significantly increased visual path-
way pathology and severity in the MOG-EAE mouse model com-
pared to the CPZ demyelination model. This indicates that
inflammatory lymphocytes, a key aspect of EAE pathology absent
from CPZ pathology, may exacerbate demyelination-induced
changes to visual pathway conduction.

Gender Differences, Hormones and
Sex Chromosomes

P108 Disease Type in a Spontaneous Transgenic Mouse
Model for Multiple Sclerosis Is Dictated By the Gender of the
Immune Cells

Dr. Tessa Dhaeze, PhD!, Ms. Catherine Lachance!, Mrs. Lyne
Bourbonniére!, Ms. Sandra Larouche! and Dr. Alexandre Prat,
MD, PhD!?

!Centre de Recherche du Centre Hospitalier de |’Université
de Montréal, Montréal, QC, Canada, 2CHUM-Universite de
Montreal, Montreal, QC, Canada, 3Clinique de Sclerose en
Plaques, Centre Hospitalier de I’Université de Montréal-
I’Hopital Notre-Dame, Montréal, QC, Canada
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Background: The majority of MS patients present with a relaps-
ing-remitting form of the disease (RRMS) gradually evolving into
a secondary progressive phase (SPMS). In primary progressive
MS (PPMS) there is a steady worsening of neurological function
without intermittent recovery. Women mostly develop RRMS and
are affected more often (2-3:1) than men, who mostly suffer from
PPMS.

The transgenic TCR1640 mice express a T cell receptor specific
for MOGy, ;o6 and spontaneously develop disease. Females have a
higher incidence and develop RR followed by SP disease, while
males develop PP disease, perfectly reflecting the gender differ-
ences and disease course diversity seen in human MS.
Objectives: To investigate if type of disease is gender intrinsic
and driven by immune cells.

Methods: Immune cells isolated from the spleen and lymh node
of presymptomatic male and female TCR1640 mice were injected
intravenously into WT SJL/J mice (male into male (n=12), male
into female (n=23), female into male (n=15), female into female
(n=19)). The mice were scored daily for 60 days and were sacri-
ficed at specific time point (relapse, remission, chronic) to isolate
central nervous system (CNS), spleen and lymph nodes to per-
form immunohistochemistry and flow cytometry.

Results: Injection of female transgenic immune cells into male or
female WT SJL/J mice resulted in a relapsing-remitting disease
course followed by a stable secondary progressive phase while
injection of male transgenic immune cells into male or female WT
SJL/J mice led to a stable progressive disease course without
remission. Preliminary results show that in both recipients that
received male cells and recipients that received female cells a dis-
ruption in their ZO-1 and an upregulation of VCAM-1 and laminin
was present. In addition, perivascular spaces were filled with acti-
vated macrophages, T cells and fibrinogen. However, microglia
activation remained only high in recipients that received male
cells while recipients that received female cells have a higher
infiltration of Foxp3 cells and a lower amount of fibrinogen dur-
ing remission although the absolute number of IL17*IFNy- cells
transgenic cells that infiltrated the CNS were comparable.
Conclusion: Using adoptive transfer we showed that the gender
of injected transgenic immune cells can dictate the disease type in
the recipient animal; that is female transgenic cells dictate a RR
disease while male transgenic cells prompt a PP disease.

P109

Human Chorionic Gonadotrophin As a Potencial Immune
Modulator in Patients with Multiple Sclerosis

Dr. Lorena V Juriol, PhD!, Ms. Natalin J Valeff, B.S!, Dr. Maria
Silvia Ventimiglia, PhD!, Dr. Maria Florencia Quiroga, PhD?2,
Dr. Jorge Correale, M.D3 and Dr. Federico Jensen, PhD!
[Laboratory for Immunology of Reproduction., CABA,
Argentina, *Instituto de Investigaciones Biomedicas en
Retrovirus y SIDA, CABA, Argentina, 3Institute for Neurological
Research Dr. Raul Carrea, FLENI, CABA, Argentina

Background: Multiple sclerosis (MS) is 2-3 times more com-
mon in women than men. It is well known that pregnancy has a
strong influence on MS disease activity and a reduced relapse
frequency (70%) is seen during pregnancy. After delivery, MS
symptoms often worsen, with frequent relapses in the postpartum
period and highest relapse frequency within 3 months after
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delivery. Hormonal factors are thus assumed to be involved in
regulating the course of the disease. Human chorionic gonadotro-
pin (hCQ) is synthetized by the placenta during pregnancy and
the presence of its receptor has been described in immune cells,
such as B and T cells.

Objectives: To evaluate the potential capacity of hCG to regulate
activation and cytokine production by immune cells in a context
of MS.

Methods: We recruited women suffering MS from 20-40 years
old to obtain whole blood samples. PBMC were isolated and then
cultivated with hCG (third trimester levels), either urinary (u, 100
IU/ml) or recombinant (r, 5 ug/ml) or without hCG (control) for
24 h. PMA, Ionomycin and Brefeldin A were added, in some
wells, for the last Sh of culture. Flow cytometry was used for the
phenotypical characterization of the lymphocytes subset: CD19,
CD80, CD86 (B cells), CD4 and Foxp3 (T cells) and to evaluate
intracellular cytokines levels: TNF-a and IL-10.

Results: We observed that treatment with hCGu significantly
reduced the relative numbers of CD19*CD86" B cells as com-
pared to control group. No changes were observed concerning
CD80* expressing B-lymphocytes. Interestingly, addition of
either hCGu or hCGr induced a significant increase in the total
number of CD4*Foxp3*IL-10" regulatory T cells upon stimula-
tion, when compared to controls. Similarly, IL-10 production by
CD19* B cells stimulated with either type of hCG, showed a
slight no significant increase. On the other hand, treatment with
either hCGu or hCGr, also induced a significant reduction in the
total numbers of CD19*TNF-a* B cells as well as CD4*TNF-a*
cells, as compared to controls (data were analyzed by One-way
ANOVA).

Conclusion: Overall, we demonstrated here that treatment with
hCG in vitro, lowers the expression of the costimulatory molecule
CD86 in B cells, increases the production of IL-10 by CD4*Foxp3*
regulatory T cells and decreases the production of TNF-a, in both
CD4" and CD19* B cells. These results open new avenues to
explore the use of hCG as a potential treatment in MS patients,
especially for those that do not respond to conventional therapies.

Genetics and Epigenetics

P110

Epigenomic Analysis of T Cells in Multiple Sclerosis

Dr. Matthew R Lincoln, MD DPhil!, Dr. Tomokazu Sumida, MD
PhD! and Dr. David Hafler?

Yale University, New Haven, CT, *Yale School of Medicine,
New Haven, CT

Background: Multiple sclerosis (MS) is a genetically mediated
autoimmune disease in which activated auto-reactive effector
CD4+ T cells (Teff) cause CNS damage by targeting myelin.
Regulatory T cells (Treg) are dysfunctional in MS, exhibiting a
pro-inflammatory phenotype. Genetic variants that contribute to
MS risk may interact with environmental risk factors such as salt
exposure through epigenetic mechanisms in T cells.

Objectives: This study will characterize the genetic and epige-
netic alterations that occur in Treg and Teff cells in MS. This data
will be used to identify transcriptional regulators that underlie MS
pathogenesis.
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Methods: Mononuclear cells were isolated from the peripheral
blood of MS patients (n=22 to date) and healthy donors (n=16 to
date). Treg and Teff cells were isolated with fluorescence-acti-
vated cell sorting and subjected to RNA-seq and ATAC-seq assays
in parallel. RNA-seq reads were aligned to hg38 with STAR and
quantitated to the gene level with RSEM. Raw counts were trans-
formed with voom, and differentially expressed genes were iden-
tified with limma.

ATAC-seq provides a genomewide measure of chromatin acces-
sibility. To identify peaks of chromatin accessibility, reads were
aligned with Bowtie2. Peaks were called on pooled samples with
MACS?2 and quantitated with featureCount. Limma-voom was
used to identify differentially accessible peaks between MS
patients and controls.

Results: To date, we have identified 3 genes (BLK, BCL3,
PRDM1) that are differentially expressed in MS Tregs at FDR <
0.05; BLK, the most significant of these, exhibits 16-fold overex-
pression (P,4; = 0.0070). A total of 61 genes were found to be dif-
ferentially expressed in Teffs. Gene set enrichnment analysis and
integrated pathway analysis highlighted the importance of several
pathways, including IL6 signalling and microRNA processing.
ATAC-seq analysis revealed multiple differentially accessible
regions of chromatin accessibility. Linear regression of these
peaks against gene expression revealed several candidates for
transcriptional regulation.

Conclusion: Using RNA-seq, we identify significant transcrip-
tional alterations in both Treg and Teff cells between MS patients
and healthy controls. ATAC-seq analysis of the same cells high-
lighted chromatin regions that are likely to exert a regulatory
influence on expression of these genes. Current studies aim to
identify the particular transcription factors responsible for the
observed transcriptional changes.

P111

Network-Based Evaluation of Genetic Predictors of Changes
in Low Contrast Letter Acuity

Dr. Kathryn Fitzgerald, ScD!, Mr. Matthew Smith, BS2, Mr.
Sean A Aston!, Mr. Nicholoas Fioravante!, Ms. Alissa M
Rothman!, Dr. Stephen Krieger, MD?3, Dr. Stacey S Cofield,
PhD*, Dr. Shiv Saidha, MBBCh, MD, MRCPI?, Dr. Ellen M
Mowry?, Prof. Gary R Cutter*, Dr. Peter A Calabresi, MD? and
Prof. Fred Lublin, MD?

I Johns Hopkins School of Medicine, Baltimore, MD, 2Johns
Hopkins University, Baltimore, MD, 3Icahn School of Medicine
at Mount Sinai, New York, NY, ‘UAB School of Public Health,
Birmingham, AL, Johns Hopkins Hospital, Baltimore, MD

Background: While genome-wide association studies (GWAS)
have successfully identified over 200 variants associated with
multiple sclerosis (MS) risk, there are no consistently-identified
variants that predict MS course. Low-contrast letter acuity
(LCLA) correlates with magnetic resonance imaging outcomes
and clinical disability and may serve as a sensitive, easily obtain-
able outcome to track the course of MS.

Objectives: To assess genetic predictors of visual acuity loss in
people with MS.

Methods: We conducted a GWAS of longitudinal LCLA changes
in 836 people with MS pooled from two well-characterized
cohorts — participants from the CombiRx Trial (n=582; mean
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follow-up 3.1 years) and from the Johns Hopkins MS Center
(n=254; mean follow-up 3.96 years) who were genotyped on
genome-wide arrays. We assessed the association between indi-
vidual variants and a sustained 5-letter loss in LCLA, adjusting
for age, MS duration, and optic neuritis history using Cox propor-
tional hazards models. Analyses were conducted separately within
cohorts, and summary effect measures were calculated using
meta-analysis methods pooling results from all 836 individuals.
Using results from individual variant analyses and excluding vari-
ants showing statistical heterogeneity between the cohorts, we
calculated a gene-based p-value using the VEGAS algorithm and
mapped the corresponding gene p-values to an existing protein-
protein interaction network. We extracted novel, potentially bio-
logically relevant subnetworks using a bioinformatics algorithm
and tested for enrichment in those subnetworks.

Results: While no variant achieved genome-wide significance in
individual analyses, network analyses extracted several subnet-
works with significant biological enrichment. We identified a
complement pathway network consisting of 12 genes (P for
enrichment= 2.2 x10-1"), with CR/ (P=0.008) being the strongest
associated gene and rs61822967 (P=2. x10*) being the strongest
associated variant within CRI. We also identified a WNT-
signaling network (14 genes; P for enrichment=6.38x10-13) with
WNTI being the strongest associated gene (P for enrich-
ment=0.001) and rs833842 being the strongest associated variant
(P=3.3x10*) in WNT1.

Conclusion: These preliminary results suggest a novel role of
complement and WNT-signaling that may underlie visual out-
comes in people with MS. Complement is relevant to synapse for-
mation and retinal degeneration in other diseases and thus is of
particular interest.
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No Significant Genetic or Transcriptomic Predictors of
Severe and Prolonged Lymphopenia in MS Cases Treated
with Dimethyl Fumarate

Dr. Paola G Bronson, PhD, MPH, Dr. Dipen Sangurdekar, PhD
and Dr. Michelle Penny, PhD

Biogen, Inc., Cambridge, MA

Background: It is not known whether clinically relevant genetic
risk factors exist for developing severe and prolonged lymphope-
nia (SPL) in MS patients treated with delayed-release dimethyl
fumarate (DMF).

Objectives: To perform exploratory genomic analysis of SPL in
MS patients treated with DMF from the pivotal phase 3 DEFINE/
CONFIRM trials.

Methods: We genotyped DNA from 1,258 patients
(HumanOmnichip2.5-V1.2) and analyzed whole blood RNA sam-
ples from 1,133 patients collected at baseline (Affymetrix
HGUplus 2.0 Array). Patients’ absolute lymphocyte count (ALC)
were categorized into: SPL, <500 cells/pl for >6 months; moder-
ate and prolonged lymphopenia (MPL), <800 cells/ul for >6
months, excluding SPL; mildly reduced lymphocytes, < LLN at
any point, excluding SPL+MPL; and no lymphopenia, >910 cells/
ul (lower limit of normal range (LLN)). A genome-wide associa-
tion study (GWAS) was performed on ~1 million DNA variants
using logistic regression (adjusted for ancestry, baseline ALC),
excluding the “mildly reduced lymphocytes” phenotype. The
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GWAS had 80% power to detect odds ratios of 4.0 and 1.8 in the
SPL and SPL+MPL analyses, respectively. Gene expression pro-
file analyses were adjusted for ancestry, baseline ALC, age, gen-
der and disease duration.

Results: None of the variants tested reached genome-wide sig-
nificance (P<5e-8). Analysis of the major histocompatibility com-
plex (MHC) did not identify strong associations. There was no
overlap between our GWAS peaks and GWAS loci associated
with white blood cell counts in published studies. Gene expres-
sion profiles were not associated with lymphopenia (FDR<5%). A
classification model including gene expression features was not
more predictive of lymphopenia status than clinical covariates.
Conclusion: No common variants of large effect that would be
clinically useful in predicting SPL were identified. Gene expres-
sion profiles were not associated with lymphopenia. This GWAS
of DNA variants and RNA expression profiles did not provide
additional insight into the mechanism of action of SPL or relevant
genetic risk factors in DMF-treated patients. Monitoring ALC as
per label recommendations remains the most effective way to
identify patients at risk for developing SPL.
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Vitamin D Receptor Gene Polymorphism in Patients with
Multiple Sclerosis

Dr. Murat Terzi', Dr. Sedat Sen?, Dr. Sezgin Gunes!, Dr. Sevgi
Canbaz? and Prof. Musa Onar3

119 mays university, samsun, Turkey, 2vezirkoprii state hospital,
samsun, Turkey, Sondokuz mayis university, samsun, Turkey

Background: Multiple sclerosis (MS) is a demyelinating disease
of the central nervous system. There are studies which show that
low 25(OH)D levels are associated with the increasing MS risk
and increasing disease severity. The action of Vitamin D is medi-
ated by the nuclear vitamin D receptor (VDR).

Objectives: In this study, the role of VDR gene polymorphisms
(Taq I, Bsm I, Apa I) and vitamin D levels in the etiopathogenesis
of the disease and their relationship with clinical, and demo-
graphic characteristics of patients diagnosed with MS in the Black
Sea region were investigated.

Methods: 124 cases who were diagnosed with MS in accordance
with the 2010 Mc Donald criteria in the Multiple Sclerosis outpa-
tient clinic of the Neurology Department of Medical school of
Ondokuz Mayis University in Turkey were evaluated 87 cases in
whom gene regions were determined by polymerase chain reac-
tion (PCR) and DNA isolation were included in the study. The
Control group consisted of 100 healthy volunteers with the demo-
graphics similar to patients.

Results: Demographic data of patients and seasonal distribution
of VDR polymorphism testing are shown in the table. Genotype
and allele frequency of APA 1 Bsm I and Taq 1 polymorphisms of
vitamin D receptor gene of the patient and control groups are
shown in Table 2. No significant difference was found in patient
and control groups for Apa 1 and Taq 1 mutation. (P=0,208,
P=0,113). According to the Vitamin D gene polymorphism which
was tested separately for the genes Apa 1, Bsm 1 and Taq 1 in
multiple sclerosis patients no significant relation was found
between disease onset age, gender, clinical subtype, EDSS, clini-
cal onset finding, number of attacks, immunomodulator treatment
response. Vitamin D level was low in 77 patients (87.5%) and
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high in 10 patients (12.5%). No difference was found between
groups with low and normal vitamin D levels for Apa 1, Bsm and
Taq 1 receptor polymorhism (P:0,892, 0,645, 0,899).
Conclusion: No relationship was found between MS develop-
ment with VDR polymorphism and clinical course of the disease.
Studies that investigate the possible effect of VDR polymorphism
and vitamin D on MS pathogenesis and clinical course of the dis-
ease in higher number of people and in different societies are
needed.

P114

Tumor Necrosis Factor Alpha and Beta Receptor Gene Poly-
morphism in Multiple Sclerosis Patients

Dr. Murat Terzi!, Dr. Sezgin Gunes!, Dr. Sedat Sen? and Mrs.
Gozde Kizilates?

119 mayts university, samsun, Turkey, vezirkoprii state hospital,
samsun, Turkey, Sondokuz mayis university, samsun, Turkey

Background: Multiplex sclerosis (MS) is an inflammatory, auto-
immune, demyelinating disease of the central nervous system.
Tumor necrosis factor (TNF) a and § has an important role in the
pathogenesis of disease.

Objectives: In this study, we investigated the role of TNF-a and
TNF-p receptor gene polymorphism in the etiopathogenesis of the
disease and the clinical and demographic characteristics of
patients in MS patients.

Methods: 206 cases with definite MS diagnosed according to the
2010 McDonald criteria followed in the Multiply Sclerosis poly-
clinic of Neurology Department of Medical Faculty of Ondokuz
Mayi1s University. The control group consisted of 142 healthy vol-
unteers with similar demographic characteristics to the study
subjects.

Genotyping of TNF-a (-308 G/A) Polymorphism

The alleles of the G/A polymorphism at position -308 in the pro-
moter region of the TNF- o gene were distinguished by cutting
with the Ncol restriction enzyme. The polymorphic site was
amplified using forward (5’- GAG GCA ATA GGT TTT GAG
GGC CAT-3’) and reverse primers (3’- GGG ACA CAC AAG
CAT CAA G-3’).

Genotyping of TNF-§ (+252 A/G) Polymorphism

The alleles of the G/A polymorphism at position -308 in the
promoter region of the TNF- B gene were distinguished by cut-
ting with the Ncol restriction enzyme. The polymorphic site
was amplified using forward (5’- CCGTGCTTCGTGGTTTG
GACTA-3’) and reverse primers (3’- AGAGGGGTGGATG
CTTGGGTTC-3).

Results: There was no difference in TNF-o and TNF-f receptor
gene polymorphism between patient and control groups (P=0.063,
P=0.120). There was no significant relationship for TNF-a and
TNF-p receptor gene polymorphism in MS patients between dis-
case age at onset, sex, clinical subtype, EDSS, clinical onset,
number of attacks, immunomodulator treatment response.
Detailed analysis is given in table 1.

Conclusion: TNF-a and TNF-f receptor gene polymorphisms
were not associated with MS development and clinical course
of disease in MS patients. There is a need for investigations
into the possible effects of TNF-a and TNF-f receptor gene
polymorphisms on MS pathogenesis and disease clinical
course.
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Longitudinal MRI History of Lesion Repair Based on the
Presence or Absence of a 7T Paramagnetic Rim

Dr. Martina Absinta, M.D., Ph.D.!, Dr. Govind
Bhagavatheeshwaran, PhD!, Dr. Pascal Sati, Ph.D.? and Dr.
Daniel S Reich, M.D., Ph.D.2

INIH, NINDS, Bethesda, MD, *Translational Neuroradiology
Section, NINDS, NIH, Bethesda, MD

Background: Paramagnetic rims on 7T susceptibility-based
MRI pathologically identify MS lesions with smoldering inflam-
mation at the lesion edge, remyelination failure, and often ongo-
ing axonal degeneration. However, the long-term effects of rim
persistence at the lesion level in vivo (e.g., slow expansion) are
still uncertain.

Objectives: To assess whether the presence of rims affects the
long-term longitudinal history of MS lesions.

Methods: Twenty-four MS patients (12 relapsing/12 progressive)
with archival 3T yearly scans for >10 years underwent a 7T MRI
acquisition. Twenty-seven discrete supratentorial chronic lesions
with rim and 27 without rim were selected for a retrospective
yearly evaluation of lesion volume (mean follow-up duration
13.0+£5.4 years). Based on the compound annual growth rate of
adjusted volume, lesions were classified as shrinking (<-1%),
steady (between -1 and 1%) or expanding (>1%) over time. For
each lesion, T1 values at 7T were determined.

Results: Chronic lesions with and without rim had a compound
annual volume growth rate of 2.5% (expansion) and -3.6%
(shrinkage), respectively (p<0.0001). At last MRI time point,
lesions with rim were bigger than those without (p<0.0001), but
not at baseline (p=0.08). Of 54 analyzed lesions, 30 lesions were
shrinking (7 with rim/23 without), 9 were steady (8 with rim/1
without) and 15 were expanding over time (12 with rim/3 with-
out). Lesions with rim were more frequently steady or expanding
in comparison to lesions without rim (Fisher’s exact test
p<0.0001). Eight of 12 expanding lesions with rim showed re-
enhancement of the lesion edge (6 lesions) or subsumed adjacent
WM abnormalities (2 lesions) during follow up. On 7T T1-map,
lesions with rim had higher T1 values (suggesting more tissue
destruction) than lesions without rim (p=0.0003).

Conclusion: Persistent inflammation at the lesion edge is not only
a major barrier for remyelination, but can exert ongoing damage
to the surrounding tissue.

P116

Effects of Disease-Modifying Therapy on Brain Compart-
ment Atrophy Rates - a 5-Year Study

Dr. Elias S Sotirchos, MD!, Dr. Natalia Gonzalez Caldito, MD?2,
Mr. Blake E Dewey, BA3, Mr. Jeffrey Glaister, MASc*, Dr.
Ellen M Mowry*, Dr. Dzung L Pham, PhD5, Dr. Peter Van Zijl*,
Dr. Jerry Prince, PhD*, Dr. Shiv Saidha, MBBCh, MD, MRCPI?
and Dr. Peter A Calabresi, MD*

IJohns Hopkins University School of Medicine, Baltimore, MD,
2Johns Hopkins Hospital, Baltimore, MD, Kennedy Krieger
Institute, Baltimore, MD, *Johns Hopkins University, Baltimore,
MD, 3The Henry M. Jackson Foundation, Bethesda, MD
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Background: The armamentarium of multiple sclerosis (MS)
disease-modifying therapies (DMTs) has dramatically expanded
over the past decade and now includes DMTs with high efficacy at
reducing inflammatory disease activity. The substrate of long-
term disability in MS is neuro-axonal loss, which is not captured
by conventional MRI measures. Whole brain atrophy may reflect
global neuro-axonal loss in MS and has been utilized as an out-
come measure in clinical trials, but data are typically limited to
short-term follow-up. Furthermore, measures of gray matter (GM)
integrity, such as thalamic and cortical GM volumes, are reduced
early in the disease course and exhibit stronger associations with
clinical disability than whole brain and white matter (WM) meas-
ures. However, data regarding long-term follow-up and effects of
DMTs on rates of GM measure atrophy is limited.

Objectives: To determine the differential effects of DMTs on
rates of brain compartment atrophy over 5 years.

Methods: A cohort of MS patients followed with annual 3T brain
MRI was evaluated. A validated pipeline was used to obtain tha-
lamic, cortical GM, cerebral WM, and cerebral volume fractions.
DMTs were categorized as high (DMT-H: natalizumab, rituximab,
fingolimod, and dimethyl fumarate) and low-potency (DMT-L:
interferon-beta and glatiramer acetate). Patients were included if
they had been on a DMT for >6 months and had imaging follow-
up of >1 year while in the same DMT class. Data were censored at
discontinuation or switch of DMT class. Analyses were performed
with mixed-effects linear regression and adjusted for demograph-
ics and clinical characteristics.

Results: Sixty subjects were identified that fulfilled the study cri-
teria (23 DMT-H, 37 DMT-L). Mean follow-up was 5.0 years. The
majority of DMT-H subjects were on natalizumab (83%). The
DMT-H group had greater disability at baseline (median EDSS
3.5 vs. 2.0; p=0.02), but otherwise the groups did not differ in age,
sex, race, and disease subtype. DMT-H subjects exhibited slower
annual rates of thalamic (-0.24% vs -0.66%; p=0.006), cortical
GM (-0.35% vs -0.53%; p=0.02), and whole brain atrophy
(-0.27% vs -0.46%; p=0.01) than DMT-L subjects. Cerebral WM
rates of atrophy did not differ between groups.

Conclusion: DMT-H treatment is associated with slower rates of
GM atrophy, especially of the thalamus. Thalamic volume is a
promising imaging biomarker of neurodegeneration in MS and
future studies should further evaluate its clinical significance and
potential for use as a trial outcome measure.
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Assessing Fingolimod Axonal Protection Efficacy in Mouse
Optic Neuritis Using Diffusion Basis Spectrum Imaging

Dr. Tsen-Hsuan (Abby) Lin, PhD!, Dr. Ruimeng Yang, M.D.
Ph.D!'2, Dr. Jie Zhan, MD!, Ms. Chunyu Song, Bs.3, Dr. Peng
Sun, PhD?, Dr. Michael Wallendorf, PhD!, Prof. Anne H Cross,
MD!# and Dr. Victor Song, PhD!3+#

!Washington University in St. Louis - School of Medicine, St.
Louis, MO, ?Guangzhou First People’s Hospital, Guangzhou
Medical University, Guangzhou, China, 3Washington University
in St. Louis, St. Louis, MO, *Washington University in St. Louis,
Saint Louis, MO

Background: Optic neuritis (ON), frequently the first clinical
manifestation of multiple sclerosis (MS), can lead to impaired
vision in MS patients. The severity of axonal loss is believed to
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play a critical role in the degree of subsequent visual impairment.
Previous studies demonstrated that diffusion basis spectrum imag-
ing (DBSI) noninvasively quantified optic nerve axonal loss at
onset of ON in mice with experimental autoimmune encephalo-
myelitis (EAE). Herein, we employed DBSI to noninvasively
assess fingolimod therapeutic efficacy on axonal preservation.
Objectives: To assess whether fingolimod treatment protects
axons from irreversible damage.

Methods: MOG;;s_ss EAE was induced in 18 female C57BL/6
mice. Daily visual acuity (VA) with Virtual Optometry System
and clinical scores were assessed. To approximate the situation in
the case of human ON, treatment did not commence until clinical
signs were seen. When VA < 0.25 cycle/degree, defined as the
clinical onset of ON in EAE mice, fingolimod (1mg/kg) or saline
was administrated by oral gavage for ten weeks. DBSI was per-
formed to assess optic nerve axonal integrity prior to immuniza-
tion (baseline), and at two, six, and ten weeks after treatment (four
time points in total). Immediately after the last in vivo DBSI scan,
mice were perfusion-fixed for histology.

Results: The VA of fingolimod-treated mice was better than
saline-treated mice but worse than normal mice. Based on DBSI
parameters, mice with ON treated with fingolimod exhibited
reduced inflammation (less hindered and restricted isotropic dif-
fusion fraction) and less axonal injury and loss (higher DBSI-
determined fractional anisotropy, higher fiber fraction in optic
nerves), compared to mice receiving placebo. Axonal pathologies
detected by DBSI in vivo were validated by the corresponding
immunohistochemistry markers.

Conclusion: This ‘proof-of-concept’ study demonstrates that it is
feasible to use DBSI as a noninvasive imaging biomarker to assess
the effect of a drug (in this case fingolimod) on underlying pathol-
ogies. DBSI could potentially be used as an outcome measure in
clinical studies to monitor disease progression and treatment
responses.
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Deep Learning-Based Synthesis for Normalization of FLAIR
Imaging

Mr. Blake E Dewey, BA!'2, Ms. Can Zhao, BS!, Dr. Natalia
Gonzalez Caldito, MD?3, Dr. Elias S Sotirchos, MD*, Dr. Shiv
Saidha, MBBCh, MD, MRCPI3, Dr. Jerry Prince, PhD! and Dr.
Peter A Calabresi, MD!

IJohns Hopkins University, Baltimore, MD, *’Kennedy Krieger
Institute, Baltimore, MD, 3Johns Hopkins Hospital, Baltimore,
MD, *Johns Hopkins University School of Medicine, Baltimore,
MD

Background: FLuid-Attenuated Inversion Recovery (FLAIR)
MRI is often used to quantify the difference in T2-weighted lesion
load over the course of a multiple sclerosis (MS) patient’s history,
and can influence treatment decisions. As MRI technology has
improved, higher quality 3D-FLAIR imaging has become possi-
ble for clinical use, leading to increased resolution and conspicu-
ity of T2-hyperintense lesions. However, this creates a problem in
longitudinal settings, where existing 2D-FLAIR scans are not
comparable to the newer 3D-FLAIR scans, especially when using
automated segmentation algorithms.

Objectives: To determine the feasibility of deep learning-based
image synthesis as a normalization tool for FLAIR imaging.
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Methods: 10 MS patients underwent two standard research MRI
protocols on two different scanners within 1 month of each other.
Two U-Net models were developed using leave-one-out training
from the acquired T1-, PD-, T2-weighted and FLAIR images of
each session and trained against an acquired 3D-FLAIR. Synthesis
was incorporated into a MS-specific pipeline using Bridging
Radiology And Investigative Neurology using Modular,
Automated Pypelines (BRAINMAP). The T1-weighted scan from
the first protocol was used for both segmentations. In addition, 9
scans where the FLAIR images were motion-corrupted underwent
synthesis and segmentation results were compared to the next
follow-up. The Dice coefficient (DSC) was used to assess overlap
of lesion masks and the Wilcoxon Signed Rank Test was used to
assess differences in volumes.

Results: Lesion volumes were significantly different (p=0.007)
when using acquired FLAIR images; however, the difference was
no longer significant with synthetic images (p=0.575). The median
and interquartile range DSC between lesion masks increased from
0.42 (0.24, 0.50) to 0.70 (0.61, 0.76) with synthetic images and
percent difference in volume decreased from 44.8% (36.0%,
62.0%) to 7.7% (4.3%, 26.8%). Lesion volume difference with
follow-up was statistically significant comparing motion-cor-
rupted FLAIRSs to synthetic images (p=0.02).

Conclusion: By using synthetic 3D-FLAIR images, lesion load
measurements between two scans with different or corrupted
FLAIR acquisitions were normalized and reached acceptable vari-
ability that is consistent with two manual raters. With further vali-
dation, this method can be used to normalize or generate any
structural contrast where differences in MRI acquisition parame-
ters or image artifacts would normally preclude meaningful longi-
tudinal analyses.

P119

Obesity and Increase of Demyelinating Lesions in Magnetic
Resonance Imaging in Multiple Sclerosis Apilot Study in a
Hispanic Cohort

Ms. Leticia A Olguin-Ramirez, Resident of Neurology, Dr.
Héctor R Martinez Rodriguez, PhD, Ms. Joan S Celis-Jasso, Dr.
Manuel De la Maza- Flores, Ms. Alba Espino-Ojeda and Dr.
Carlos Gonzalez-Uscanga

Instituto de Neurologia y Neurocirugia, Hospital Zambrano
Hellion, Monterrey, Mexico

Background: Obesity is highly common in Hispanic population
due to genetic and type of diet. In industrialized countries, obesity
has been described as risk factor to develop multiple sclerosis
MS).

Objectives: Quantify demyelinating lesions on Magnetic
Resonance Imaging in patients with definite MS and analyze its
relation to the body mass index (BMI)

Methods: Our cohort includes 126 patients with definite MS hos-
pital admitted during the last 15 years. The number of lesion were
quantified and a descriptive analysis of the lesions in different
brain locations were analyzed according to their BMI (defined by
World Health Organization). An ANOVA test was performed, to
analyze number and localization of demyelinating lesions and
T-test for independent samples.

Results: In our cohort predominate female patients (69.6%),
median age 35 years (15 — 64) and mean weight 68 kilograms (44
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— 150), and height 1.64 meters (1.38 — 1.92), The median BMI
was 24.1 (16.51 — 52.39) and were allocated according to BMI.
MS patients were 18.4% pre-obesity, 16.8% obesity class I and
3.2% obesity class II and III. Median number of demyelinating
lesions was 20 (0 - 327) most of them were periventricular 6 (0-
62) and juxtacortical 13 (0 —278). When comparing the number of
total lesions and BMI we found statistical significant differences
between pre-obesity and obesity class II (p= 0.001) and higher
number of lesions in obesity class II compared to class I (p=0.011).
The number of periventricular lesions were higher in obesity class
11, (p= 0.006) in Obesity class I and class II.

Conclusion: In our Hispanic cohort of MS patients, obesity class
II showed a higher number of demyelinating lesions on MRI. In
our population, a further analysis relating BMI, number of lesion,
response to treatment and prognosis is needed.
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Mimosa: An Automated Method for Inter-Modal Segmenta-
tion of Brain T2 Hyperintensities and T1 Black Holes in Mul-
tiple Sclerosis

Ms. Alessandra M Valcarcel, M.S.!, Dr. Kristin A Linn, Ph.D.!,
Dr. Fariha Khalid?, Mr. Simon N Vandekar!, Dr. Theodore D
Satterthwaite, M.D.!, Prof. Rohit Bakshi, MD, MA3 and Dr.
Russell T Shinohara!

!University of Pennsylvania, Philadelphia, PA, °Brigham

and Women'’s Hospital, Boston, MA, 3Brigham and Women'’s
Hospital / Harvard Medical School, Boston, MA

Background: Magnetic resonance imaging (MRI) is crucial for in
vivodetection and characterization of white matter lesions (WML)
in multiple sclerosis. The most widely established MRI outcome
measure is T2-weighted lesion (T2L) volume. Unfortunately, T2L
volume is non-specific for the level of tissue destruction and
shows a weak relationship to clinical status. Consequently, some
researchers have focused on T1-weighted hypointense lesion
(T1L) (“black holes”) volume quantification to provide more
specificity for axonal loss and a closer link to neurologic
disability.

Objectives: This study aimed to adapt and assess the performance
of an automatic T2L segmentation algorithm for segmenting T1L.
First, to ensure the method performed well on the images of inter-
est, we compared the automated T2L segmentation with gold
standard manual T2L segmentations. We then adapted the pipeline
and compared the automated T1L segmentation with gold stand-
ard manual T1L segmentations.

Methods: Brain high-resolution 3D TI1, T2, and FLAIR
sequences were acquired from 40 MS subjects on a Siemens 3T
Skyra unit at the Brigham and Women’s Hospital (Boston, MA).
Trained observers under the supervision of an experienced
observer manually segmented T2L and T1L. We automatically
processed the data by N4 inhomogeneity correction, rigid regis-
tration, skull stripping, and intensity normalization. We then
employed MIMoSA, an automated segmentation algorithm,
which has previously shown competitive performance for seg-
menting T2L. MIMoSA utilizes complementary MRI pulse
sequences to emphasize different tissue properties, which can
help identify and characterize interrelated features of lesions, in a
local logistic regression to model the probability that any voxel is
part of a lesion.
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Results: Using bootstrap cross-validation, we found that MIMoSA
is a robust method that can be applied to segment both T2L and
T1L. For T2L, we found a Sorenson’s dice coefficient (DSC) of
0.61, a partial AUC (pAUC) up to 1% false positive rate of 0.69,
and a correlation of 0.93. For TI1L, we found 0.48 DSC, 0.63
pAUC, and correlation 0.83.

Conclusion: Though originally designed to segment T2L,
MIMOoSA is a fully automated segmentation algorithm that shows
promise in segmenting T1 black holes with both sensitivity and
specificity in patients with MS.
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Validation of Fully Automated Machine-Learning Algorithm
for T2 Lesion Segmentation from Clinical MRI in Multiple
Sclerosis

Dr. Jenny J Feng, MD!, Dr. Kunio Nakamura, PhD!, Dr. Carrie
Hersh, DO2, Mr. Bhaskar Thoomukuntla, MS! and Dr. Daniel D.
Ontaneda, MD, MSc!

ICleveland Clinic, Cleveland, OH, ?Cleveland Clinic, Las
Vegas, NV

Background: Multiple sclerosis (MS) is an immune-mediated
disease hallmarked by sclerotic plaques(lesions) in characteristic
locations in the central nervous system. Lesional measures are
clinically importantly because they are surrogates of disease
activity, predict disease course/relapses, and correlate with clini-
cal disease measures. Manual segmentation of T2 lesions can be
time-consuming and is subject to inter/intra-rater variability.
Existing semi-automated and automated methods can be prone to
misclassification errors and require standardized MRI sequences.
Objectives: This study proposed a novel fully-automated
machine-learning method using random forest (RF) in clinically
acquired images across different scanners and platforms.
Comparative analysis with manual segmentation was conducted
for validation.

Methods: MRI scans were abstracted from an existing retrospec-
tive cohort study of MS patients. A training set consisted of 10
scans from 10 unique subjects with all 5 MRI modalities (FLAIR,
PD, T2, T1, and T1 post-contrast) were constructed to train a RF
with manual segmentation. Next, a validation set comprised of 12
MRI scans from subjects different from the training set were seg-
mented manually by 3 independent raters. Consensus delineation
was constructed from the 3 manual segmentations. Symmetric
metrics (Dice coefficient, Pearson’s r, volume difference) were
used to compare the manual segmentations, consensus delinea-
tion, and RF method.

Results: In T2 lesion volumes (T2LV) segmented, metrics for RF
method compared to consensus delineation: r = 0.979, mean Dice
(SD): 0.624 (0.206), average volume difference in ml (SD): 8 (7).
For inter-rater comparisons, mean Dice ranged from 0.621 to
0.685, and r ranged from 0.962 to 0.984. There was a greater range
in Dice between raters for scans with low T2LV; for scans with
moderate to high T2LV, there was a more unified consensus with
Dice between 0.702 and 0.859.

Conclusion: Our fully-automated RF method is similar to manual
segmentation in spatial overlap and correlation measures. Dice
scores were also comparable to currently published machine-
learning methods. Advantages for our RF method include full
automation and ability to analyze across various acquisition

http://journals.sagepub.com/home/ms;j

parameters, scanners, and platforms. We will apply our RF method
for lesion segmentation to the dataset of a comparative effective-
ness study of two oral MS medications (dimethyl fumarate and
fingolimod).
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Clinical and MRI Course of Multiple Sclerosis Patients
Treated with Disease Modifying Treatments (DMTs) in a Ter-
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Background: The goals of the multiple disease-modifying thera-
pies (DMTs) for relapsing-remitting multiple sclerosis (RRMS)
are to reduce the inflammatory process (MS relapses and new
MRI lesions) and to reduce the progression of disability. As in
clinical trials, most clinicians now equate MRI activity and clini-
cal activity. Several guidelines have been proposed to evaluate the
response of these agents. In general, three outcomes are used for
monitoring: clinical relapses, EDSS score and MRI. Tolerance
and toxicity must also be taken into account. Depending on the
frequency and severity of clinical relapses, EDSS score and new
T2 and gadolinium-enhancing lesions, switching thepary is
advised.

Objectives: These guidelines need to be confirmed and appreci-
ated in a real-world setting. The objective of this study is to look
at the utilisation of the MRI in our tertiary care center MS clinic
and to evaluate if the MRI monitoring is a tool that guides the
therapeutic plan.

Methods: In our MS clinic, we use the iMed database. We cur-
rently have close to 4 thousand patients registered. Patients are
seen once or twice a year. We selected patients with RRMS who
were started on a DMT between January 2013 and March 2017.
Usual demographics are described. We extracted data on clinical
relapses, EDSS score, MRI (frequency, clinical information, radi-
ological activity) and tolerance of DMTs.

Results: A total of 179 MS patients were identified. The mean age
was 38,4 years (range 15-64 years) and 138 (77%) were female.
For the first DMT, 50% were on orals and 50% on injectables. Out
of the 179 patients, 118 (66%) had the first imaging follow-up an
average of 493 days after the initiation of the agent. The reasons
for the follow-up imaging was a routine control in 88 cases (75%),
clinical events in 15 cases (13%), new baseline in 7 cases (6%),
PML monitoring in 2 cases (2%), study follow-up in 1 case (1%)
and unknown in 5 cases (4%).

During the study period, 53 (30%) patients had a DMT switch: 37
(70%) because of radiological concern, 11 (21%) due to adverse
effects, 3 (6%) pregnancy, 1 (2%) personnal choice and 1 (2%)
clinical deterioration. According to the guidelines, the level of
concern (LOC) of patients that did not switch was low for 13
patients (10%), moderate for 8 (6%) and high for 11 (9%).
Conclusion: This study shows that the MRI activity addresses
response to DMTs better than clinical follow-up and helps guide
the therapeutic plan.
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Background: Quantitative susceptibility mapping (QSM) is a
novel sequence used for quantification of iron. Imaging techniques
have demonstrated that iron accumulates in chronic lesions of MS
patients, especially in the rim. Histopathology reveals the presence
of microglia and macrophages (MG/M®) in the rim of chronic
active lesions. The source of iron in MG/M® in lesions are likely
oligodendrocytes and myelin debris. The tracer [11C]PK11195
selectively binds translocator protein (TSPO) on activated MG/
M®, making PET an /n vivo proxy of innate inflammation.
Objectives: To identify chronic lesions as being QSM rim+ or rim-
in a cohort of MS patients and to compare the uptake of PK11195
in QSM rim + lesions as compared to QSM rim- lesions.
Methods: 33 patients (26 with relapsing remitting, 7 with pro-
gressive MS) with PK-PET and corresponding QSM sequences
were included. QSM rim+ and rim- lesions were identified.
Individual lesion masks were created, and co-registered to
PK-PET images. PK uptake was quantified by volume of distribu-
tion (VT). VT for individual lesions was calculated in reference to
white matter, to consider physiologic variability, and Vt ratio
(VTr) was obtained. Differences in PK-PET uptake among rim+
and rim- were evaluated using a mixed-effects-model, controlling
for patient variability, rim group, lesion volume and age.
Results: The included 33 patients had a mean age of 43.8 years, a
mean disease duration of 13.4 years and a mean EDSS of 2.7. 488
T2 lesions were identified, 45 lesions were QSM rim+, and 443
lesions were QSM rim-. VTr value for rim+ lesions was 1.01, ver-
sus 0.93 for rim- lesions. The difference between rim + and rim-
VTr values was significant (p =0.002) after controlling for
multiple lesions per patient, patient age, and lesion volume.
Conclusion: A difference of VTr was found between QSM rim+
and rim- lesions and increased PK signal is associated with rim+
lesions. This provides evidence that lesions containing iron have a
higher presence of activated MG/M®. MG/M® in the border of
MS lesions are consistent with the classification of chronic active
lesions. QSM +rim lesions can be used to identify a subset of
chronic MS lesions with activated MG/M®, represented by the
presence of iron. Differentiating chronic MS lesions with the use
of novel sequences may provide a biomarker for inflammation
and a therapeutic target to reduce on-going disease progression.
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A Fully Automated Statistical Technique for Counting Patho-
logically Distinct Multiple Sclerosis Lesions
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Background: Lesion load is a commonly used biomarker of dis-
ease status in multiple sclerosis (MS), yet it has historically shown
a modest association with clinical outcomes. Additional informa-
tion relevant to disease severity is thought to be captured in the
natural history of lesion formation, but this feature is difficult to
assess in patients with confluent (i.e., spatially overlapping)
lesions.

Objectives: To address this issue, the current study introduces a
novel statistical technique for cross-sectionally counting patho-
logically distinct lesions regardless of confluence, and seeks to
demonstrate the validity, reliability, and clinical relevance of the
proposed count.

Methods: To obtain the proposed lesion count, conventional MRI
scans are used to segment white matter lesion tissue, yielding
lesion probability maps. Lesion texture is then quantified using
the eigenvalues of the Hessian matrix at each voxel of the proba-
bility map, and a thresholding procedure is carried out to select
voxels exhibiting the texture expected of the center of a lesion.
Results: Validity of this technique was demonstrated by compar-
ing the proposed count to a gold-standard count in 60 subjects
observed longitudinally. The proposed count was highly corre-
lated with the gold standard (» = .97, p <.001) and no significant
difference was found between the counts (t5 = -0.83, p > .40).
Reliability was determined using 14 scans of a clinically stable
subject acquired at 7 sites. The variability of the 14 count esti-
mates was approximately equivalent to that of lesion load in both
fully automated and manually segmented contexts. Accounting
for lesion load and age, the proposed count was negatively associ-
ated (tsg = -2.73, p < .01) with the Kurtzke Expanded Disability
Status Scale (EDSS), suggesting that for a given lesion load, a
higher lesion count is associated with lower disease severity.
Additionally, average lesion size, operationalized as lesion load
divided by the proposed count, was found to have a higher asso-
ciation with EDSS (r =35, p < .01) than lesion load (» = .10, p >
.40) or lesion count (» =-.12, p > .30) alone.

Conclusion: We introduce a novel technique for obtaining a count
of pathologically distinct lesions from a single cross-sectional
study, and show it to be valid, reliable, and clinically relevant.
These findings demonstrate that it is possible to recover important
aspects of the natural history of MS lesion formation without lon-
gitudinal data.
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Background: A network of dural lymphatic vessels in rodents has
recently been described, but whether a similar network is present
in primates is unknown.

Objectives: Here, we report the existence of meningeal lymphatic
vessels in human and nonhuman primates (common marmoset
monkeys) and the feasibility of noninvasively imaging and map-
ping them in vivo with high-resolution, clinical MRI.

Methods: High-resolution (in-plane resolution 270 x 270 pm or
finer) brain MRI, including post-gadolinium contrast T2-FLAIR
and T1-weighted black-blood scans, was obtained in 5 healthy
volunteers and 3 common marmosets. MRI scans were performed
with two distinct gadolinium-based contrast agents (gadobutrol
and gadofosveset), with different propensity to extravasate across
the capillary endothelial barrier. Comprehensive neuropathologi-
cal examination assessed with immunohistochemistry and immu-
nofluorescence the presence of lymphatics in human and marmoset
dura mater samples; results were compared with MRI.

Results: On T2-FLAIR and T1-weighted black-blood imaging, lym-
phatic vessels enhance with gadobutrol, a gadolinium-based contrast
agent with high propensity to extravasate across a permeable capil-
lary endothelial barrier, but not with gadofosveset, a blood-pool con-
trast agent. The topography of these vessels, running alongside dural
venous sinuses, recapitulates the meningeal lymphatic system of
rodents. In primates, meningeal lymphatics display a typical panel of
lymphatic endothelial markers by immunohistochemistry.
Conclusion: Pathologically verified, noninvasive visualization of
dural lymphatics is feasible in human beings and primates by
applying high-resolution MRI and standard gadolinium-based
contrast material. This discovery holds promise for better under-
standing the normal physiology of lymphatic drainage from the
central nervous system and potential aberrations in neurological
diseases.
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Background: Tract-specific cervical spinal cord diffusion tensor
imaging (DTI) has shown a strong and consistent relationship
with clinical sensorimotor outcomes in cross-sectional studies of
multiple sclerosis (MS) patients with remote cervical spinal cord
disease. Due to the dynamic nature of MS pathophysiology, longi-
tudinal investigation of such relationships is required to demon-
strate cervical spinal cord DTI as meaningful imaging biomarkers
for clinical trials in MS.

Objectives: To evaluate the relationship between DTI-measured
tissue integrity progression in the cervical spinal cord posterior
columns (PC) and lateral corticospinal tracts (CST) and the cor-
responding sensorimotor functional changes in relapsing-remit-
ting multiple sclerosis (RRMS) patients.

Methods: Longitudinal cervical spinal cord imaging (at acute
onset, 1, 3, 6, 12, and 18 months) was performed on 7 RRMS
patients (mean age 36, 5 females, mean EDSS 2.4) at 3T. Clinical
functions, including finger vibratory thresholds, 25-foot timed
walk (25FTW) and 9-hole peg test (9HPT), were assessed at each
visit. Lesions were identified using sagittal T2-weighted and
short-TI inversion recovery (STIR) images. Tract-specific cervi-
cal spinal cord (C1 to C6) tissue integrity was measured using
high-resolution (0.9 x 0.9 x 5 mm?) axial spinal cord DTI. Percent
changes from the baseline or values of the DTI measures at each
time point in the PC or CST (averaged over slices) for lesional or
normal-appearing white matter were correlated (Pearson’s r) to
that of the functional assessments.

Results: All cervical spinal cord lesions (one lesion for 5 sub-
jects and two lesions for 2 subjects) regressed (i.e., reduced
lesional T2/STIR signal intensity and size) over time. Functional
assessment changes ranged from -40 to 35 % (vibratory thresh-
old), -23 to 10% (25FTW), and -36 to 25% (9HPT). Radial dif-
fusivity and fractional anisotropy changes in the normal-appearing,
but not lesional, PC significantly correlated (|r[>0.4, p=0.01) with
vibration sensation changes. There was no significant correlation
between DTI changes and 25FTW or 9HPT changes. Axial dif-
fusivity values (not changes) in normal-appearing PC or CST
were significantly correlated with 25FTW or 9HPT assessments
([r>0.6, p<0.01).

Conclusion: Cervical spinal cord normal-appearing, but not
lesional, white matter tissue integrity progression, measured by
tract-specific DTI, could be potential longitudinal imaging bio-
markers for clinical trials in MS.
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Background: Cortical lesions (CLs) in multiple sclerosis (MS)
have been described as having little inflammation in ex-vivo
pathology studies. However, there has been evidence of cortical
acute inflammation confirmed by brain biopsy. Our previous work
has shown that gadolinium-enhancing leukocortical lesions
(LCLs), although not frequent (6% of all enhancing lesions in our
cohort) do affect a considerable number of recently diagnosed
relapsing-remitting MS patients (36% of our subjects).
Objectives: To compare magnetization transfer evolution in the
grey (GM) and white matter (WM) voxels of previously identified
gadolinium-enhancing LCLs, before and after the gadolinium-
enhancement event.

Methods: Data from 25 early-stage MS patients with 12 to 24
monthly scans using 3T MRI with triple-dose gadolinium were
analyzed. WM and GM voxels were separately classified for 78
gadolinium-enhancing LCLs, using all available MRI contrasts.
T1-weighted images with and without fat saturation pulses that
exhibit magnetization transfer (MT) effects were used to produce
MT ratio (MTR) images.

A mixed effect model was used to assess the relationship between
MTR and three predictors (fixed eftects) 1) gadolinium-enhance-
ment event (pre-event/post-event), 2) tissue type (WM/GM), and
3) lesion resolution on all image contrasts (resolved/non-resolved).
We also assessed interactions between 1) time and gadolinium-
enhancement-event, 2) tissue type and gadolinium-enhancement-
event, and 3) tissue type and lesion resolution. Subject and lesion
were included as random effects.

Results: GM and WM voxels of enhancing LCLs experienced a
significant drop in mean MTR post-enhancement. In lesions that
resolved, GM voxels of enhancing LCLs experienced a significant
drop in mean MTR post-enhancement (-1.2 units; p = 0.002); WM
voxels experienced a significantly greater drop (-1.79 units; p =
0.04).

Conclusion: Decreases in MTR suggest that at least some cortical
tissue damage is a consequence of gadolinium-enhancing LCLs.
These low values persist over time, even in the LCLs that show
resolution of the signal abnormality in all the conventional MRI
images, and may underlie observations of low normal-appearing
cortical MTR in MS patients.
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Background: African Americans with MS (AAMS) demonstrate
higher inflammatory disease activity, faster disability accumula-
tion and greater visual dysfunction as compared to Caucasian
Americans with MS (CAMS). AAMS have been shown to have
more pronounced brain tissue damage, in addition to higher lesion
volume loads. Optical Coherence Tomography (OCT) is a non-
invasive and reliable tool for measuring structural retinal changes.
Recent studies support its utility for tracking neurodegeneration
and disease progression in-vivo in MS. AAMS have been found to
have greater retinal structure injury cross-sectionally and longitu-
dinally in the peripapillary retinal nerve fiber layer (p-RNFL) and
ganglion cell+ inner plexiform layer (GCIP). Despite prior work,
there is a paucity of study of differences in brain sub-structure
volumes over time in AAMS relative to CAMS. Similarly, longi-
tudinal assessment of deeper retinal changes by race remain
incompletely characterized

Objectives: To assess differences in brain MRI and retinal OCT
atrophy rates between AAMS and CAMS

Methods: Twenty AAMS and 20 matched CAMS were tracked
with brain MRI for a mean duration of 5.2 years. In addition, 115
AAMS and 115 matched CAMS were tracked with retinal OCT
for a mean duration of 4.4 years. Annual contrast enhanced 3T
brain MRI and 6-month OCT scans were performed. Validated
image segmentation algorithms developed at Johns Hopkins
University were used to analyze both the MRI and OCT data.
Mixed-effects linear regression models were used in statistical
analyses

Results: Significant whole brain and brain sub-structure atrophy was
observed across both cohorts over the study duration (p<0.001 for
all). Whole brain, gray and white matter atrophy rates were signifi-
cantly different between both cohorts, with AAMS exhibiting atro-
phy rates twice as fast as CAMS patients (p-values 0.030, <0.001 and
0.050 respectively). In addition, thalamic atrophy was markedly
faster in AAMS patients (-1.50%/year in AAMS vs -0.51% in CAMS,
p-value 0.010). GCIP and p-RNFL annual rates of change were sig-
nificantly faster in AAMS vs. CAMS (-1.13% vs -0.76% (p-value
0.014) and -0.74% vs -0.44% (p-value 0.010) respectively)
Conclusion: AAMS exhibited more rapid neurodegeneration
than CAMS with significantly faster brain and retinal tissue vol-
ume loss as compared with CAMS. These results corroborate the
more rapid clinical progression observed in AAMS vs CAMS, and
raise the question of whether AAMS may benefit from a more
aggressive therapeutic approach
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Background: Multiple Sclerosis (MS) results in visual cortex
(VC) dysfunction, even in the absence of ophthalmic pathologies.
The precise mechanism of this dysfunction remains elusive. Our
previous studies have shown associations between white-matter
microstructure (WMMS) insult and reduced Blood-Oxygen-
Level-Dependent (BOLD) signal in the VC of MS patients when
compared to healthy controls. However, the physiologic basis of
this phenomenon remains unknown.

Objectives: We hypothesized that WMMS damage affects
communication between neurons and cerebral vasculature (i.e..,
neurovascular coupling) and in turn, disrupts neural function. In
this study, we sought to isolate the origin of MS-related BOLD
changes by comparing components of the hemodynamic
response function (blood-flow and oxygen metabolism) using
dual-echo calibrated functional magnetic resonance imaging
(cfMRI).

Methods: We conducted a case-control study comparing relaps-
ing-remitting MS patients with matched healthy controls.
Participants were scanned using a 3T MRI scanner. We utilized a
dual-echo pulse sequence that permitted near-simultaneous meas-
urement of cerebral blood flow (CBF) and BOLD signal. In the
scanner, participants performed a hypercapnia inhalation chal-
lenge while being scanned. They subsequently performed a visual
task in which they responded with bilateral button- press when-
ever a fixation cross at center-screen changed in luminance; dur-
ing stimulation blocks (32 sec), flickering checkerboards were
presented at 6Hz. Individual data were preprocessed and con-
volved to obtain functional regions of interest (ROI). BOLD and
CBF time series were obtained from these ROIs. Cerebral meta-
bolic rate of oxygen (CMRO2) was calculated using the deoxy-
hemoglobin dilution model.

Results: Whereas healthy controls exhibited stimulation-induced
BOLD signal increases that were sustained across the block, MS
patients exhibited stimulation-induced BOLD signal increases
that declined across the block. Estimated maximum blood-oxy-
genation (the factor M) was higher in MS patients than healthy
controls. During stimulation, increases in CBF and CMRO2 were
lower in MS patients than healthy controls, suggesting that reduc-
tions in neural metabolism plays a key role in MS-related neural-
vascular coupling alterations.

Conclusion: These results support the hypothesis that MS-related
visual cortex dysfunction stems from neural pathology arising
more from neural and glial deficits than from vascular deficits.
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Background: Ferumoxytol is a suspension of ultrasmall super-
paramagnetic iron oxide (USPIO) nanoparticles that can be
phagocytized by peripheral monocytes. The USPIO-monocyte
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complex can be detected by MRI, and USPIO signal in the brain
suggests active monocyte targeting. However, prior studies of
USPIO used descriptive outcomes, short follow-up times, and
lower field-strength magnets, limiting the interpretation of their
results. 7-tesla MRI provides increased spatial resolution and sen-
sitivity to paramagnetic substances, thus improving the ability to
detect small changes in USPIO-related MRI signal.

Objectives: To determine the safety and utility of ferumoxytol-
enhanced MRI at 7-tesla.

Methods: 5 healthy volunteers and 5 MS patients underwent a
single 510-mg intravenous dose of ferumoxytol. This was fol-
lowed by MRI at baseline, within 2 hours of ferumoxytol infusion
(“immediate”), 24-48 hours (“delayed”), 1 month, and 6 months,
all at 7T. Gadolinium contrast was administered at baseline, 1
month, and 6 months. Sequences included 8-echo gradient echo
(1Imm?3), which was used to generate R2* maps, and MP2RAGE
(0.7 mm?) with quantitative Tlmap. Images were also visually
inspected for evidence of USPIO enhancement.

Results: All subjects tolerated the ferumoxytol infusion. There
were no significant changes in R2* between baseline and 6-month
MRI scans in the globus pallidus, putamen, and white matter/nor-
mal appearing white matter (Mann-Whitney t-test, all p >0.05).
USPIO enhancement was seen in 2 patients, 1 lesion each. One
lesion had focal USPIO enhancement within portions of a resolv-
ing tumefactive lesion that was gadolinium-enhancing for > 1
year. The second lesion was <2 weeks old (by MRI) and showed
nodular USPIO-enhancement on the immediate scan, changing to
peripheral enhancement after 48 hours. Across the 5 patients, 39
chronic, non-gadolinium enhancing MS lesions, and none of them
showed USPIO-related signal change.

Conclusion: Ferumoxytol was safe and well tolerated.
Quantitative MRI did not show significant changes in iron-related
signal intensity in deep gray nuclei or within white matter.
Chronic, non-gadolinium-enhancing MS lesions do not show evi-
dence of USPIO enhancement, suggesting that peripheral mono-
cyte targeting of these lesions is minimal or nonexistent. However,
USPIO enhancement in 2 MS lesions — one chronic and the other
new gadolinium-enhancing — suggests that USPIO identify dis-
tinct pathophysiological processes from gadolinium.
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Background: Optical coherence tomography (OCT) provides
high-resolution imaging of the retina. OCT is a quick, cheap, and
reproducible method for assessment of tissue injury in multiple
sclerosis (MS). There is evidence that some OCT measures are
markers of whole brain injury. OCT measures of retinal nerve
fiber layer (RNFL) and ganglion cell layer (GCL) thickness have
been shown to be associated with cognition in MS. Most of these
studies focused on relapsing forms of MS. Although cognitive
dysfunction is a prominent feature of progressive forms of MS,
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there are few studies examining the relationship of OCT and cog-
nition in progressive MS cohorts.

Objectives: To investigate the association between OCT meas-
ures and cognitive function in patients with progressive MS.
Methods: We analyzed data obtained at baseline in the NN102/
SPRINT-MS randomized trial comparing ibudilast to placebo in
primary progressive (PP) or secondary progressive (SP) MS. OCT
measurements included RNFL and GCL thickness. Cognitive test-
ing included the Symbol Digit Modality Test (SDMT), Selective
Reminding Test, SF36 Mental Component, and EDSS Cerebral
Score. Baseline clinical and MRI data were also collected. Data
were analyzed using Pearson and Spearman correlation tests, and
linear models using JMP Pro 13.0.0 statistical software.

Results:  Baseline  characteristics ~ (N=286)  included
SPMS:N=142,49.65%; Male: N=137, 47.9%; Age: Avg=55.5,
SD=7.3; Disease duration (years): Avg=14.9, SD=9.05. SDMT
was correlated with RNFL thickness (p=0.0007, =0.309, N=266)
and GC thickness (p=0.0002, $=0.418, N=191). No other cogni-
tive tests correlated with OCT measures. Consistent with previous
findings, OCT measures correlated with T1 and T2 lesion vol-
umes, magnetization transfer ratio (Gray matter and whole brain),
brain parenchymal fraction (BPF), and corticospinal tract diffu-
sion tensor imaging measures. Using linear regression modeling
including age, sex and low contrast letter acuity, RNFL correlated
with SDMT (p=0.0127) independent of visual acuity. In a single
model including other known predictors of cognition, T2 lesion
volume (p=0.00125) and BPF (p=0.0426) were the strongest pre-
dictors of SDMT.

Conclusion: OCT measures of RNFL and GC thickness corre-
lated with clinical measures of cognition, specifically SDMT, in
progressive multiple sclerosis. The correlation of change in OCT
measures and in SDMT and the ability of OCT to predict SDMT
over time require further investigation.
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Automatic Cerebrospinal Fluid Zero Reference for Quantita-
tive Susceptibility Mapping of Multiple Sclerosis

Dr. Shun Zhang!2, Mr. Zhe Liu!, Dr. Thanh D. Nguyen!, Dr.
Yihao Yao?, Dr. Ajay Gupta!, Dr. Susan Gauthier, DO, MPH3
and Prof. Yi Wang!

IWeill Cornell Medical College, NewYork, NY, ?Tongji Hospital,
Wuhan, China, 3Weill Cornell Medical College, New York, NY

Background: Quantitative susceptibility mapping (QSM) is
becoming widely used in studying multiple sclerosis (MS), where
both iron and myelin pathologies cause magnetic susceptibility
changes. Conventional QSM (Morphology Enabled Dipole
Inversion, MEDI) determines susceptibility up to an arbitrary con-
stant and requires a tissue reference for longitudinal and cross-
center studies. MEDI reconstructed with automatically segmented
cerebrospinal fluid (CSF) in ventricles as zero reference (MEDI+0)
solves this tissue reference problem. Both MEDI+0 and MEDI
postprocessing can be performed on the same gradient echo data.
Objectives: To evaluate the clinical feasibility of MEDI+0 in MS
patients by comparing it with MEDI.

Methods: First, all 44 consecutive MS cases in a month (7/2017)
from three of the scanners in our medical center were identified
for image quality evaluation by a neuroradiologist using three
scales: excellent agreement between MEDI+0 and MEDI, good
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agreement with marginal discrepancy, and poor agreement with
substantial disagreement. Second, 43 MS cases, having all lesions
segmented (total 405 lesions) and normal appearing white matter
(NAWM) identified, were analyzed with ROI measurements of
lesion susceptibility values, as well as image quality assessment.
Lesion contrasts, |S,.qon—Snawm)ls Were also determined.

Results: Of the consecutive 44 cases, 43 (97.73%) were scored
excellent agreement between MEDI+0 and MEDI, 1 good agree-
ment (idiopathic artifacts in magnitude images), and none poor
agreement. The CSF susceptibility variations in MEDI (range
[-15.074, 29.742] ppb, mean 7.297ppb, standard deviation
9.620ppb) were reduced by MEDI+0 to ([-3.915, 2.130], -0.201,
0.833) ppb. All of the 43 cases with segmented lesion ROIs were
scored excellent agreement. Among the 405 MS lesions, there
were good correlations between MEDI+0 and MEDI for lesion
susceptibility values referenced to CSF (R= 0.81, P< 0.001) and
for lesion contrast with NAWM (R=0.73, P<0.001).

Conclusion: Compared with MEDI, MEDI+0 provides the same
image quality, lesion to NAWM contrasts, and reliable suscepti-
bility value in multiple sclerosis.
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MD1003 in Progressive Multiple Sclerosis: 24-Month Brain
Volume Changes of the MS-SPI Trial

Prof. Douglas L. Arnold, MD!, Prof. Jean-Phillipe Ranjeva?,
Prof. Jean Pelletier?, Dr. Christian Barillot4, Dr. Betty JeanS,
Prof. Damien Galanaud®, Prof. Laurent Pierot?, Dr. Caroline
Papeix®, Prof. Gilles Edan, MD?, Prof. Pierre Clavelou'?, Dr.
Olivier Simon!!, Dr. Frederic Sedel'!, Prof. Ayman Tourbah!?,
Prof. Isabelle Berry!3, Dr. Olivier Morteau!! and Dr. Robert
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IMcGill University, Montreal, QC, Canada, Aix-Marseille
University, Marseille, France, >AP-HM Hopital de la Timone,
Marseille, France, Universite de Rennes, Rennes, France,
SCHU Gabriel Montpied, Clermont-Ferrand, France, Universite
Pierre et Marie Curie, Paris, France, ’Centre Hospitalier
Universitaire de Reims, Reims, France, $Pitié-Salpétriére
Hospital, Paris, France, °CH Pontchaillou, Rennes, France,
OCHU de Clermont-Ferrand, Clermont-Ferrand, France,
MedDay Pharmaceuticals, Paris, France, '>’Hopital Maison
Blanche, Reims, France, 3CHU Toulouse, Toulouse, France

Background: MS-SPI was a 12-month (M), randomized, double-
blind, placebo-controlled trial of the effects of MD1003 (high-
dose pharmaceutical biotin) in patients with progressive,
non-clinically active multiple sclerosis (MS). In the open-label
extension phase, all patients received MD1003.

Objectives: A brain volumetric magnetic resonance imaging
(MRI) follow-up sub-study was conducted to evaluate the impact
of MD1003 on MRI-measured safety parameters and to explore
the mechanism of action of MD1003.

Methods: Sequences were standardized and tested between the
six centers included. Images were centralized to the Shanoir plat-
form and analyzed in two independent centers (INSERM,
Toulouse, France; NeuroRx, Montreal, Canada).

MRIs were performed at M0, M12, and M24 on 74 patients
(MD1003>MD1003: 49; placebo>MD1003: 25). Normalized vol-
umes of the whole brain (WBYV), white matter (WMYV) and grey
matter (GMV) at baseline were analyzed using SIENAX in 66
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patients (MD1003>MD1003: 44; placebo>MD1003: 22).
Subsequent volume changes were analyzed using SIENA and
paired Jacobian integration.

Results: A decrease in WBV and GMV measures was observed at
M12 in the MD1003 arm compared with the placebo arm.
Differences were statistically significant for the WBV percentage
change and for the GMV percentage change. No differences were
observed for the WMV percentage change. At M24, the change
from baseline in WBV, GMV, and WMV was relatively constant in
the MD1003 group, which continued on treatment, compared with
M12. The placebo group, in which changes from baseline had been
moderate in the first 12 Ms, experienced a decrease across all volu-
metric measures when switched to MD1003 at M12; this was
maintained for 12 Ms. At M24, the decrease was similar in the
placebo>MD1003 group and in the MD1003>MD1003 group.
Conclusion: Volumetric analyses performed independently and
blindly by two different reading centers indicated a decrease in
WBYV and GMV in the MD1003 arm compared with the placebo
arm. These volume changes were recapitulated when the placebo
group switched to MD1003. No differences between groups were
observed at M24, after the placebo arm had been switched to
active treatment.

Overall, these results are consistent with a pseudo-atrophy phe-
nomenon linked to a decrease in brain water volume after the ini-
tiation of treatment with MD1003. This pseudo-atrophy
phenomenon may be a consequence of increased energy produc-
tion triggered by high doses of pharmaceutical biotin.
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Brain Atrophy after High-Dose Immunosuppressive Therapy
and Autologous Hematopoietic Cell Transplantation for Mul-
tiple Sclerosis (HALT-MS)

Mr. Hyunwoo Lee!, Dr. Kunio Nakamura, PhD?2, Prof. Sridar
Narayanan, PhD!, Dr. Robert A Brown, PhD!, Dr. Richard A
Nash, MD? and Prof. Douglas L. Arnold, MD!

!Montreal Neurological Institute and Hospital, McGill
University, Montreal, QC, Canada, 2Cleveland Clinic,
Cleveland, OH, 3Colorado Blood Cancer Institute, Denver, CO

Background: High-Dose Immunosuppressive Therapy (HDIT)
and Autologous Hematopoietic Cell Transplantation (HCT) for
Multiple Sclerosis (HALT-MS) was a phase II clinical trial of
HDIT/HCT for patients with relapsing-remitting (RR) MS who
experienced relapses with disability progression while on MS
disease-modifying therapy. High rates of short-term brain volume
loss have been observed following similar treatments.
Objectives: To model the time-courses of whole-brain (WB),
grey-matter (GM), and white-matter (WM) volume loss in
HALT-MS subjects to better understand the effect of this treat-
ment on brain atrophy in MS.

Methods: We measured percentage WB, GM, and WM volume
changes (Pairwise Jacobian Integration) over up to 5 years in
twenty-four RRMS patients who underwent BEAM (BiCNU,
Etoposide, Ara-C, Melphalan) chemotherapy-based HDIT and
HCT. A non-linear mixed-effects model was applied to the vol-
ume trajectory data, with the total dose of BEAM chemotherapy
and the baseline volume of T1-weighted WM lesion (T1LV) as
predictors of treatment-related volume loss. We estimated the
rates of both short-term treatment-related and long-term volume
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loss. Subgroup analysis included comparing the short-term and
long-term rates of volume loss between the patients with and
without gadolinium-enhancing lesions at baseline.

Results: Rapid short-term volume loss occurred in all compart-
ments: 0.98% (SE: 0.60), 1.2% (0.77), and 1.6% (0.84) in WB,
GM, and WM, respectively. Total BEAM dose was a significant
predictor of the rate of volume loss in all compartments. TILV
was a significant predictor for WB and WM volume loss. The
average long-term rates of volume loss after the initial treatment-
related effects slowed to -0.22%/y (SE: 0.075), -0.12%/y (0.081),
and -0.15%/y (0.11) in the WB, GM, and WM, respectively.
Patients with gadolinium-enhancing lesions at baseline had sig-
nificantly higher short-term rates of GM volume loss (-1.83% vs.
-0.40%, p=0.003) and WB volume loss (-1.90% vs. -0.76%,
p=0.002) at 1-year follow-up, and significantly higher long-term
rate of GM volume loss (-0.26%/y vs. -0.0051%/y, p=0.025). The
difference in long-term WB loss did not reach significance
(-0.32%ly vs. -0.13%/y, p=0.081).

Conclusion: Brain volume loss may accelerate for months after
HDIT/HCT due to the effects of chemotherapy-related toxicity
and progression of WM lesion-related degeneration. However,
over the long-term, adequate immunosuppression and HCT can
reduce rates of brain volume loss to the range observed in normal

aging.
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Radiomic Prediction of Clinical Outcome in Multiple Sclero-
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Mr. Kareem Wahid, BS!, Dr. Rivka Colen, MD?, Dr. Aikaterini
Kotrotsou, PhD?, Dr. John Lincoln, MD, PhD!, Prof. Ponnada
A Narayana, PhD!, Dr. Stacey S Cofield, PhD?, Dr. Stephen
Krieger, MD#, Prof. Gary R Cutter3, Prof. Fred Lublin, MD?,
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IMcGovern Medical School, UTHealth, Houston, TX, °The
University of Texas MD Anderson Cancer Center, Houston, TX,
3UAB School of Public Health, Birmingham, AL, *Icahn School
of Medicine at Mount Sinai, New York, NY

Background: Radiomics allows the conversion of digital medical
images into mineable data, by extracting quantitative imaging fea-
tures. Machine learning models trained on radiomic features can
help predict important clinical outcomes and uncover novel infor-
mation for a variety of diseases. Magnetic resonance imaging
(MRI) is routinely obtained in people with multiple sclerosis
(MS) to monitor disease activity. These images may contain latent
information linked to clinical outcomes that could be elucidated
via radiomic analysis.

Objectives: To evaluate the predictive performance of machine
learning models constructed from MRI radiomic features at base-
line to predict clinical outcomes at 3 years in relapsing-remitting
(RR) MS.

Methods: A subset of 33 RRMS patients from the CombiRx trial,
a multi-center, phase-IIl investigation of combination therapy,
with available T1 and FLAIR baseline MRI scans and Expanded
Disability Status Scale (EDSS) scores at 3 years were selected for
the analyses. MS lesions were semi-automatically segmented and
used as masks to compute radiomic features related to shape,
intensity, and texture. These features were then utilized to
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construct supervised machine learning classification models to
predict EDSS at 3 years (EDSS < 2 vs. EDSS > 2) via repeated
cross validation. Models were also constructed from baseline clin-
ical data (age, sex, baseline EDSS) and lesion volume alone for
comparison. All computational tools utilized were open-source to
foster reproducibility of results.

Results: A gradient boosting machine learning model constructed
with radiomic features achieved an accuracy (+ standard devia-
tion) of 0.867 + 0.024 when evaluated via repeated cross valida-
tion. The accuracy of the radiomic model was significantly higher
than models built with clinical data (0.548 + 0.023, p < 0.001) or
lesion volume alone (0.634 + 0.018, p < 0.001).

Conclusion: Machine learning models trained on the MRI radi-
omic features of MS lesions demonstrate high and reliable perfor-
mance to predict EDSS at 3 years. The radiomics model performed
better than models constructed from clinical features or lesion
volume alone. Radiomics applied to clinically available MRI data
could be a powerful tool in MS predictive analytics. We plan to
expand our study to the entire CombiRx dataset to increase train-
ing data and improve generalizability of our results.
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Evidence for Neural-Vascular Uncoupling in Multiple Sclero-
sis: A Calibrated fMRI Study in Motor Cortex

Dr. Kathryn L West, PhD!, Dr. Dinesh Sivakolundu, MD!, Ms.
Lyndahl Himes, MS!, Mr. Monroe P Turner, BA!, Dr. Binu
Thomas, PhD!, Dr. Elliot Frohman, MD, PhD?2, Dr. John Hart,
MDY/, Dr. Darin Okuda, MD? and Dr. Bart Rypma, Ph.D.!-2
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Texas Southwestern Medical Center, Dallas, TX

Background: Multiple Sclerosis (MS) symptomology is known
to include fatigue and motor slowing that has been attributed to
motor cortex (MC) dysfunction. The neural-vascular coupling
system, composed of cerebral blood vessels, glial cells, and neu-
rons coherently function to maintain effective neural function.
Previously, we have found reduced blood-oxygen-level dependent
(BOLD) signal in the motor cortex of MS patients. However, the
relative contributions of each neural-vascular component to
reduced BOLD signal remain unknown.

Objectives: We performed a cross-sectional study comparing
BOLD, cerebral blood flow, and cerebral metabolic rate of oxygen
in relapsing-remitting MS patients and healthy controls to eluci-
date each component in the neurovascular coupling system.
Methods: All subjects who met inclusion criteria were scanned
using a 3T MRI scanner with a dual-echo calibrated functional
MRI (cfMRI) sequence which provided near-simultaneous meas-
ures for both cerebral blood flow (CBF) and BOLD signal. During
imaging, subjects performed a motor task which required bilateral
button presses in time with a 2Hz auditory rhythm. An additional
hypercapnia gas challenge involving periodic inhalation of room
air (4 min) and 5% CO, (6 min) permitted measures of cerebral
metabolic rate of oxygen (CMRO,). Data were preprocessed and
average percent signal change from baseline was calculated in
each voxel providing BOLD and CBF time series. The anatomical
region of interest (ROI) was defined as the precentral region after
cortical parcellation using Freesurfer in native space.

Results: During active blocks, MS patients displayed an initial
rise in CBF followed by a gradual decline, whereas healthy

Multiple Sclerosis Journal 2018;24: (SI) 11-117

controls exhibited a similar initial rise and a subsequent sustained
plateau. CBF decreased in MS patients but BOLD signal was not
different from healthy controls, suggesting lower CMRO, in MS
patients. Estimated maximum blood-oxygenation (the factor M)
was higher in MS patients than healthy controls.

Conclusion: These results suggest that, with persistent stimula-
tion of the motor cortex, MS patients exhibit progressive uncou-
pling between glial cells, neurons, and blood vessels. Such
uncoupling, provides a plausible mechanism for MS-related
motor cortex dysfunction, fatigue, and motor slowing.
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PhD3, Dr. Snehashis Roy, PhD3, Dr. Nagesh Subbana, Ph.D.!,
Dr. Peter A Calabresi, MD?, Dr. Paul A Yushkevich, Ph.D.!, Dr.
Russell T Shinohara! and Dr. Jerry Prince, PhD*
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Background: Automated segmentation of lesions is increasingly
being utilized in MS research studies and clinical trials. The Dice
score (the ratio of overlapping volume to average volume) is pop-
ular for evaluating the performance of segmentation algorithms.
Although it is useful as a standardized measure, it offers a very
limited picture of segmentation quality since algorithms may per-
form quite differently in ways not reflected by their Dice score.
Objectives: We propose a new set of evaluation techniques that
offer improved insights into the behavior of MS lesion segmenta-
tion algorithms.

Methods: T1w, T2w, PD and FLAIR 3T MRI images of the brains
from 70 MS patients were used in this study. Lesions were manu-
ally segmented by an expert. The performance of two popular
automated algorithms, OASIS and LesionTOADS, were com-
pared. For each image, we identified the connected components as
distinct lesions. Comparing the lesions in the automated and man-
ual segmentations, we classified lesions into 6 categories: Correct
Detection (1-1 match), False Alarm (0-1), Detection Failure (1-0),
Merge (N-1), Split (1-M), Merge-Split (N-M). For each lesion, we
computed the Dice score, which we analyze per lesion size, class,
and spatial distribution. We also reported lesion counts.

Results: OASIS and LesionTOADS had nearly identical image-
wide Dice scores (median Dice: 0.547 vs. 0.544). The number of
distinct lesions was 2,461 (manual), 1,340 (OASIS) and 2,810
(LesionTOADS). In all classes, LesionTOADS had a higher per-
class Dice score than OASIS; however, LesionTOADS resulted in
far more False Alarm lesions than OASIS, which led to a low
image-wide Dice score. LesionTOADS performed better for small
and large lesions, whereas OASIS performed better for medium-
size lesions. Both algorithms had many detection failures in the
septum area, and OASIS had a secondary problem area around the
temporal horn of the ventricles. False alarms were most common
around the lateral ventricles as well as in the inferior temporal
lobes for both algorithms.

Conclusion: The proposed performance analysis per lesion class,
size, and spatial distribution allows novel insights into algorithm
performance that image-wide summary metrics cannot provide.
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This enables scientists to choose algorithms better suited for a
specific study, as well as allow for algorithm development and
tuning by revealing their specific strengths and weaknesses.
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Pattern Separation Deficits Strongly Predict Dentate Gyrus
Hippocampal Atrophy in Relapsing Remitting MS
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Background: Memory impairment is common in multiple sclero-
sis (MS) and is associated with volumetric changes (atrophy) in
the hippocampus. Traditional neurocognitive measures may be
less sensitive to hippocampal atrophy compared to lab-based
measures. Pattern separation, the ability to differentiate similar
yet distinct memories, is sensitive to hippocampal changes (local-
ized to the dentate gyrus) in both animal and human models and
may help in understanding the underlying mechanisms of memory
impairment in MS.

Objectives: To investigate how whole hippocampal and hip-
pocampal subfield volumes are related to pattern separation in
MS.

Methods: Sixteen relapsing-remitting MS participants completed
a behavioral measure of pattern separation (the Mnemonic
Similarities Test; MST), traditional neurocognitive assessments of
verbal (Hopkins Verbal Learning Test) and visuospatial (Brief
Visuospatial Memory Test) memory and 3T structural magnetic
resonance imaging scans. Volumetric estimates and segmentation
were derived using FreeSurfer 6.0. MS participants’ pattern sepa-
ration performance was compared to published parameter esti-
mates from a sample of healthy control and amnestic mild
cognitive impairment participants. Bilateral hippocampi and den-
tate gyri volumes served as a priori regions of interest and were
correlated with traditional neurocognitive assessments of memory
and pattern separation (computed as lure discrimination index)
scores using partial correlations, adjusting for age, disease dura-
tion, and intracranial volume.

Results: Pattern separation performance in MS was worse than
age-matched healthy controls (p=.005), and did not differ from
older adults or amnestic mild cognitive impairment groups
(p’s=n.s). Bilateral hippocampi volumes correlated significantly
with visuospatial memory (R? 4=.47; R?%;,,=.36) and pattern
separation (R% .4=.67; R%,,=.67) but not with verbal memory.
Bilateral dentate gyri volumes were only significantly correlated
with pattern separation (R?4=.38; R%;.,=.39).

Conclusion: Pattern separation assessed using the MST may be
more sensitive to dentate-specific hippocampal atrophy in relaps-
ing-remitting MS than traditional neurocognitive assessments.
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Background: There is a need to develop imaging biomarkers
capable of differentiating and quantifying the heterogeneous path-
ological components in multiple sclerosis (MS). Diffusion basis
spectrum imaging (DBSI) models diffusion-weighted MRI sig-
nals as a combination of discrete anisotropic diffusion tensors
(representing the integrity of axon fibers and myelin while resolv-
ing for crossing fibers), and a spectrum of isotropic diffusion ten-
sors (reflecting the extra-axonal environment associated with
inflammation and tissue loss).

Objectives: To assess the histopathological correlates of DBSI
metrics in MS-affected brain tissue.

Methods: DBSI was performed on a 53 year-old man three weeks
after biopsy of a contrast-enhancing right parietal white matter
lesion for further evaluation of new onset seizures. The biopsy
showed inflammatory demyelination with relative axonal sparing,
typical of MS. DBSI metrics including axial diffusivity (AD), radial
diffusivity (RD), restricted and non-restricted isotropic fractions,
and fiber fraction were calculated in the biopsied lesion identified
on FLAIR images and were compared with the same region in a
healthy control. Results were also compared to diffusion tensor
imaging (DTI) and magnetization transfer ratio (MTR) values.
Results: DBSI-derived RD (marker of demyelination), but not
DTI-derived RD, was significantly (>2 SD than the mean for
healthy control) increased in the entire lesion from which the biopsy
was taken. Non-restricted isotropic fraction (marker of edema) was
diffusely elevated in the lesion. Restricted isotropic fraction (marker
of cellularity) was increased in the lesion adjacent to the biopsy site,
but decreased in the actual biopsy site (few cells). Neither DBSI-
nor DTI-derived AD (marker of axonal integrity) was significantly
altered in the lesion surrounding the biopsy site. MTR values in the
lesion were consistent with demyelination and edema, but MTR
could not assess cellularity or axonal integrity.

Conclusion: The observed changes in DBSI metrics including
increased RD (demyelination), unchanged AD (axonal integrity),
and elevated restricted isotropic fraction (cellularity) were con-
sistent with histopathology finding of inflammatory demyelina-
tion with axonal sparing. DBSI more accurately reflected the
underlying pathologies than DTI and MTR. This study provides
preliminary evidence for the feasibility of DBSI to differentiate
the pathological processes in acute MS lesions.
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! National Institute of Neurology and Neurosurgery, México,
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Background: In the NMDATr encephalitis, the brain PET-CT
FDG findings are heterogeneous. Initially, temporal lobe hyper-
metabolism was reported in limbic paraneoplastic encephalitis.
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Later, a heterogeneous pattern with hypermetabolism in the base
nuclei and hippocampus hypometabolism was described. Finally,
a series of 22 patients with predominance of lobar hypometabo-
lism with a higher frequency in the parietal lobe, followed by
occipital were reported.

Objectives: To identify the characteristics of brain PET-CT FDG
in patients with defined anti-NMDATr encephalitis.

Methods: We documented the findings observed in each of the
patients, describing the presence of hypo or hypermetabolism in
each brain cut and nuclei of the base using the visual (qualitative)
method with validation of the institution’s Nuclear Medicine
department. Finally, we calculated the proportion of hypo or
hypermetabolism of each region of interest and in the case of
patients with a control study, we contrasted with the clinical evo-
lution of the patient. The mean time elapsed from onset of symp-
toms to brain FDG PET-CT was calculated.

Results: The brain PET-CT FDG was performed in 30 patients
with anti-NMDAr encephalitis, being observed abnormal in all of
them. The mean time to onset of symptoms was 138 days (95% CI
48-227). An abnormality of the occipital metabolism was observed
in 27 patients (88% hypometabolism vs 3% hypermetabolism),
followed by temporal cortex affection in 24 (hypometabolism
53% vs 47% hypermetabolism) and parietal in 26 patients (hypo-
metabolism 77% vs hypermetabolism 33 %). The alteration in the
nuclei of the base was observed in only 23 patients, (52% hyper-
metabolism vs 48% hypometabolism).

Conclusion: The findings identified by the visual method (quali-
tative) in brain PET-CT FDG, suggests an evolutionary radiologi-
cal pattern characterized by initial affection of temporal and
occipital cortex, followed by parietal cortex, frontal and finally
nuclei of the base; observing the biological coherence of the
dynamic brain pattern PET-CT FDG and the evolution of the dis-
ease. This qualitative observation was possible by the observation
of the clinical status of the patient, the time of disease evolution
and the findings were presented in the brain PET-CT FDG;as well
as visual analysis of changes observed in PET-CT FDG brain con-
trol in 5 of the 30 patients with anti-NMDA encephalitis during
their hospitalization.
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Background: Assessment of magnetic resonance imaging
(MRI) related disease activity, new and enlarging T2 fluid
attenuation inversion recovery (FLAIR) lesions or gadolinium-
enhancing lesions, is an integral component of Multiple
Sclerosis (MS) management, but is fraught with technical hur-
dles in clinical practice. Agreement on new lesion counts is sub-
optimal; with one study reporting up to 45% of clinical readers
disagreed with an expert reader using standardized image
acquisition.! Additionally, lesion segmentation volume assess-
ments are not readily available in most clinical practices.? A
reliable, accurate, and reproducible automated technique for
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segmentation and analysis of MS lesions is needed in clinical
practice.

Objectives: To evaluate automated segmentation of lesion counts
and volumes as a reliable and reproducible tool for clinical
practice.

Methods: A retrospective comparison of MRI scans acquired at
3.0 Tesla was performed to evaluate LesionQuant (CorTechs
Labs), a method of automated 3D T1 and T2 FLAIR lesion identi-
fication, segmentation, and measurement. Lesions were seg-
mented as unique based on gaps of either Imm or 2mm. Blinded
manual analysis of total and new lesions by an expert image
reviewer (gold standard) was compared to a neuroradiologist, an
MS clinical fellow, and the automated analysis derived via
LesionQuant.

Results: Scan-rescan reproducibility for LesionQuant lesion
counts (Median Difference = 3.0 lesions) and volumes (Median
Volume Difference <0.2 cc) was good. Comparisons between
manual and automated lesion volume segmentation showed good
agreement (R>0.85). Manual and automated lesion counts were
highly correlated (R>0.85) and automatic lesion counts using a
minimum lesion distance of 2mm better reflected the gold stand-
ard evaluation of lesion counts. Concordance correlation of lesion
counts and new disease activity between expert readers and
LesionQuant will be presented.

Conclusion: While MRI is a universally accepted tool for both
the diagnosis and monitoring of MS, its current usage lacks stand-
ardization and reproducibility in clinical settings. Automated seg-
mentation of MS lesion volumes and counts by LesionQuant
provides reproducible results and correlates well with manual seg-
mentation. This report will present the correlation of manual
lesion counts and MRI activity by an expert reader with assess-
ment by other clinical evaluators and LesionQuant automated
analysis.
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Vesicular Appearing Multiple Sclerosis Initially Diagnosed
As Neurocysticercosis

Dr. Brooke L Guerrero, BA, MD

LAC+USC/Keck School of Medicine, Los Angeles, CA

Background: Atypical presentations of Multiple Sclerosis
(MS) can lead to initial misdiagnosis, especially when the neu-
roimaging characteristics overlap with other diseases, such as
Neurocysticerosis (NCC), in a patient demographic at risk for
both diseases.

Objectives: To review the literature on the neuroimaging features
of atypical MS compared to NCC.

Methods: Case report and literature review.

Results: The initial diagnosis of NCC was based on the clinical
presentation of seizure combined with neuroimaging that was
only consistent with probable NCC, not definitive NCC. Further
analysis of the clinical course, which included multiple relapses
despite appropriate anti-parasitic treatment, combined with neuro-
imaging that met both McDonald criteria and was consistent with
documented subtypes of atypical demyelination, ultimately led to
the diagnosis of atypical MS.

Conclusion: Judicious application of neuroimaging criteria is
required to accurately diagnose MS in a young Latino population
that is also at risk for NCC.
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Internet and Social Media

P143

Evaluation of a Web-Based Fall Prevention Program Among
People with Multiple Sclerosis

Dr. Meena R Kannan, MD!, Dr. Michelle H Cameron, MD, PT,
MCR? and Ms. Cinda L Hugos, MS?

IThe Ohio State University, Columbus, OH, 2VA Portland Health
Care System, Portland, OR

Background: More than half of people with multiple sclerosis
(PwMS) report falling at least once every 3-6 months and over
one-third report multiple falls in this timeframe. Currently there is
no accepted standard of care for fall prevention in PwMS. Several
approaches are used and have been studied including physical
therapy, group exercise and fall prevention education, but all of
these have limitations in efficacy and implementation. Free from
Falls (FFF), is a group based exercise and education program for
PwMS, developed by the National MS Society (NMSS). FFF con-
sists of eight 2-hour instructor-led group sessions, comprised of
didactics and discussion, and exercises designed to improve bal-
ance and postural control. Though FFF may improve mobility,
balance and balance confidence, access to this program is limited
by time, space and budgetary constraints. We therefore developed
a web-based version of FFF to improve access to this program.
Objectives: The aim of the study is to describe the development
and beta-testing of a web-based fall prevention program.
Methods: We developed Free from Falls Online (FFFO) by adapt-
ing the original FFF program into a web-based format using Wix.
We presented educational material as 8 narrated, 30-minute webi-
nars with supplementary, reading material. The exercise compo-
nent was adapted into a narrated video with persons of varying
levels of disability demonstrating the exercises. We then con-
ducted beta testing of FFFO among 6 people with MS in the com-
munity, with varying impairments including motor and visual
problems to evaluate usability and functionality.

Results: Observations from beta testing demonstrated that the
individual components (links, modules, contact form) of FFFO
was functional across different web-browsers (Internet Explorer,
Firefox, Google Chrome and Safari). Modifications were made to
address MS-specific barriers to internet use, such as low contrast,
small font, cluttering of content and poor navigational design. The
program is now hosted on the NMSS website and will be freely
available to the public. We are currently evaluating its efficacy for
fall prevention in a pilot randomized controlled trial.

Conclusion: Comprehensive fall prevention programs can be
delivered online to address limitations in access by delivering MS
health education and exercise programs at relatively low cost to a
much wider audience. The adoption, adherence, efficacy and
effectiveness of online delivery require further study.

P144

Social Network in People at Risk for Multiple Sclerosis: Net-
work Composition but Not Network Structure Is Associated
with Self-Reported Disability

Dr. Amar Dhand, MD, PhD!, Dr. Charles C White, PhD2, Ms.
Catherine Johnson?, Dr. Zonggi Xia, M.D., Ph.D.# and Dr. Philip

De Jager, MD, PhD?

http://journals.sagepub.com/home/ms;j

!Brigham & Women's Hospital, Boston, MA, ?Broad Institute,
Cambridge, MA, 3Columbia university, New York, NY,
“University of Pittsburgh, Pittsburgh, PA, >Columbia University
Medical Center, New York, NY

Background: Social relations contribute to environmental or
experiential risk factors for multiple sclerosis (MS) such as diet,
physical activity, smoking, and exposure to Epstein-Barr virus.
Objectives: We examined the social networks of participants in
the Genes and Environment in Multiple Sclerosis (GEMS)
Project, a prospective cohort study of MS first-degree family
members.

Methods: In a cross-sectional study, we used a questionnaire to
ascertain the social network features of 1493 first-degree family
member: 1378 asymptomatic individuals without MS and 115
with MS at the time of examination. We quantified each person’s
social network structure (e.g., network size and constraint) and
composition (e.g., proportion of kin, a range of health habits
within a network). We performed regression analyses to discover
associations between network features and the multiple sclerosis
rating scale (MSRS), a self-reported measure of functional disa-
bility validated for MS.

Results: Overall, the composition (p < 0.0001) but not the struc-
ture (p=0.067) of personal networks was associated with the
MSRS score. Deconstructing the network composition features,
we found the proportion of people in one’s network that do not go
to a doctor regularly to have the strongest correlation with MSRS
(beta=7.24, p=7.4E-8, FDR=9.6x1077). In addition, the proportion
of people in the network perceived to have a negative health
impact was strongly correlated with MSRS (beta=1.74, p=0.00085,
FDR=0.0055). Leveraging previously reported genetic and envi-
ronmental risk factor data available among a subset of the partici-
pants, we noted an intriguing positive correlation between Genetic
& Environmental Risk Score (GERS) and a larger personal net-
work size (p=5.0x10-5). This finding appears to be driven primar-
ily by the larger network size of women participants relative to
men (p=1.0x10-%). Among asymptomatic participants, both a his-
tory of mononucleosis (p=0.0048) and a higher genetic risk score
for MS susceptibility (p=0.0059) were correlated with a larger
network size.

Conclusion: In this largest examination of social networks in peo-
ple at risk for a chronic neurological disease, characteristics of
people around a person at risk for MS are associated with that
individual’s functional disability. This study highlights the impor-
tance of social environment on neurological function. The intrigu-
ing modest association of MS genetic risk with an increased
network size requires further exploration.

P145

Identifying Factors for Diverse Participation in Multiple
Sclerosis Patient Networks

Dr. April Moreno, PhD MPA, Dr. Jina Huh, PhD MHCI and Dr.
Shuang Wang, PhD

University of California, San Diego, San Diego, CA

Background: Over 80,000 individuals participate in multiple
sclerosis (MS) patient networks such as Accelerated Cure
Network, Health Care Journey, iConquerMS, and the Alliance for
Research in Hispanic MS (ARHMS). We identified the different
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levels of patient participation in these communities from more
passive (Category 1 - email list and Category 2 - patient-clinician
interaction) to more active (Category 3 - MS Patient Powered
Research Network (PPRN) and Category 4 - MS for clinical
research). A particular challenge is to engage more numerous and
diverse demographic participation in MS patient research net-
works (MSPRN), such as iConquerMS and ARHMS - which
involves patient data sharing (surveys and EHR) and blood sam-
ples for research.

Objectives: We address the following questions: What are indi-
viduals’views of MS patient networks? What encourages or dis-
courages them to participate in these networks? What are the
factors to increase underrepresented participation? Our aims
are to: Understand factors influencing participation in MS
patient networks and identify the factors most likely to impact
active patient participation in MS research with underrepre-
sented communities.

Methods: Using the framework of the Learning Health System
(LHS) we identify values affecting MSPRN participation (Survey)
to research MSPRN participation and non-participation (Interview
and 2nd Survey). We will conduct predictive modeling of factors
in participation and nonparticipation. We use a culturally aware
MS research model to identify predictive factors affecting diverse
and inclusive participation and nonparticipation in MSPRNs. We
aim to determine predictive factors for diverse participation in
Category 3 and 4 MSPRNSs.

Results: Data from a recent MS patient online survey of 2,611
responses demonstrated that 7.2% of the patient respondents were
Hispanic. Among Hispanic participants, 35.6% had participated in
aresearch study. Among the total participants of the online survey,
9.3% were African American/Black, and within the group, 37.3%
had participated in a research study. Further results on participant
factors will be forthcoming at the poster session.

Conclusion: The long-term impact of this research is to provide
new approaches to increasing underrepresented patient participa-
tion in the MS research community. Ideally this study will con-
tribute to inclusive evidence-based practices to develop new
innovations benefiting all patients with MS.

P146

Low Dose Naltrexone in Multiple Sclerosis: Web-Presence
Versus Scientific Evidence

Dr. Ahmed Z Obeidat, M.D., Ph.D., Dr. Michelle Bowman,
M.D., Dr. Elizabeth Dragan, M.D., Dr. Lawrence Goldstick,
M.D. and Dr. Aram Zabeti, M.D.

University of Cincinnati, Cincinnati, OH

Background: Naltrexone is an oral semi-synthetic opiate receptor
antagonist, licensed in a 50—100 mg daily dose for the treatment of
heroin and alcohol addiction. Preclinical studies identified several
mechanisms by which low dose naltrexone (LDN), less than 5 mg
daily, can benefit patients living with multiple sclerosis (MS).
Those included the ability of LDN to upregulate opioid receptors,
increase endogenous opiate production, prevent oxidative damage
and glutamate-mediated cytotoxicity to neurons/oligodendrocytes
and inhibit T-cell/glia replication

Objectives: To compare readily available web information for
patients on the use of LDN in MS to published research on the
subject
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Methods: We searched Google for terms such as “low dose nal-
trexone,” and “multiple sclerosis.” We searched PubMed for:
“naltrexone,” “low dose naltrexone,” “naloxone,” “experimental
autoimmune encephalomyelitis” and “Multiple Sclerosis.” We
navigated relevant websites and reviewed the scientific literature
Results: We screened a total of 24 articles and included 18 publi-
cations (7 clinical investigations, 6 preclinical studies, 1 medical
hypothesis, 4 commentaries). We excluded 6 studies irrelevant to
MS. We found 3 clinical trials for LDN in MS patients which suf-
fered limitations, and none provided conclusive evidence on the
subject. However, all studies agreed on the safety of LDN. Google
searches for the term “naltrexone and MS” yielded about 413,000
results and for “low dose naltrexone and multiple sclerosis”
yielded about 184,000 results. Numerous patient-oriented web-
sites discussed LDN and MS with phrases used such as
“Overcoming Multiple Sclerosis” or “A Wonder Drug that Eases
Multiple Sclerosis Side Effects,” among other claims. A limited
number of websites, such as the National Multiple Sclerosis
Society, provided evidence-based information for patients and
caregivers on the subject and acknowledged the limitations of the
scientific evidence

Conclusion: It remains challenging for health care providers to
answer various patient queries regarding potential effects of LDN
in MS due to the inadequacy of clinical evidence. We identified a
gap between readily available information off the internet for MS
patients and actual scientific evidence. Preclinical investigations
showed promising effects on inflammation and disease modifica-
tion. Further studies are needed to determine the effect of LDN as
an add-on therapy on quality of life measures such as pain, energy,
social, cognitive and sexual functions in patients living with MS

99 ¢

Microbiome
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Examination of the Intestinal Microbiome in Early Stage of
Multiple Sclerosis in a Prospective Cohort of High-Risk Fam-
ily Members

Dr. Zongqi Xia, M.D., Ph.D.!, Dr. Aleksandar Kostic2, and Dr.
Philip De Jager, MD, PhD3

"University of Pittsburgh, Pittsburgh, PA, *Joslin Diabetes
Center, Boston, MA, 3Columbia University Medical Center, New
York, NY

Background: Intestinal microbiome is a novel arena to investi-
gate in relation to MS onset.

Objectives: To examine the baseline intestinal microbiome pro-
files in asymptomatic first-degree family members at high and
low risk for MS susceptibility.

Methods: In a prospective cohort study of MS first-degree fam-
ily members, we previously assessed each participant’s risk for
MS using a weighted score (GERS, ) that integrates an individ-
ual’s genetic burden with environmental exposures associated
with MS susceptibility. We collected baseline fecal samples from
93 participants across the MS risk distribution (GERS,s) as well
as healthy cohabitants. We performed shotgun whole metagen-
ome sequencing using the Illumina HiSeq 2500 platform at a
median sequencing depth of 2Gb per sample, obtained species-
level classification based on marker genes using MetaPhlAn, and
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transformed the proportions of bacterial counts using arcsine
square root. We used linear modeling to discover association of
bacterial abundance and host meta-data: age, gender, race, eth-
nicity, body mass index (BMI), geographic location (i.e., state),
and GERS.

Results: Based on the diversity of bacterial species identified
across samples and the concordance with previously described
microbiome correlations, we have generated high-quality intesti-
nal metagenomics data from people at risk for MS. For instance,
we observed the expected positive correlation between BMI and
Ruminococcus torques abundance (t-statistic=2.84, P=0.006),
which has been reported in microbiome studies of human obesity.
Of relevance, GERS, is inversely correlated with the abundance
of Lachnospiraceae family (t-statistic=-2.51, P=0.014), which
includes the Roseburia and Butyrivibrio genera that produce
short-chain fatty acids (SCFA). SCFAs promote the generation of
anti-inflammatory regulatory T cells and provide metabolic ben-
efits through the gut-brain axis. Additional analyses of the
metagenomics data (e.g., alignment of sequencing reads to refer-
ence metagenomes, de novo discovery of bacterial genes, and
measure of alpha diversity based on gene abundance rather than
species abundance) will be presented.

Conclusion: In this examination of the intestinal microbiome in
asymptomatic people at risk for MS, we found loss of abundance
in bacteria organisms that are implicated in promoting peripheral
immune tolerance among individuals at higher risk for MS, con-
sistent with prior human microbiome studies in MS and other
autoimmune diseases.

Neuro - Ophthalmology

P148

Isolated and Progressive Myelin Oligodendrocyte Glycopro-
tein (MOG-IgG) Mediated Optic Neuritis Masquerading As
Malignant Optic Nerve Glioma

Dr. Kedar R Mahajan, MD, PhD!, Dr. Meagan Seay? and Dr.
Robert Bermel!

ICleveland Clinic, Cleveland, OH, ?New York University School
of Medicine, New York, NY

Background: Antibodies to myelin oligodendrocyte glycoprotein
(MOG-IgG) have been recognized as a cause of optic neuritis
(ON), distinct from multiple sclerosis and aquaporin-4 IgG
(AQP4-1gG). MOG-IgG optic neuritis often presents bilaterally
and involves the optic chiasm. Malignant optic nerve gliomas
typically present with features of optic neuritis, along with pro-
gressive visual deterioration over five to six weeks and death in
less than a year.

Objectives: The purpose of this study is to present a case of
MOG-IgG ON initially concerning for malignant optic nerve
glioma.

Methods: Case report

Results: A 34 year-old, Caucasian, previously healthy male pre-
sented with a 3 week history of progressive vision loss bilaterally.
His initial symptoms were pain behind the right eye that worsened
with eye movements and loss of temporal vision in the right eye.
One week later he developed temporal vision loss in the left eye.
On the initial exam his visual acuity was count fingers at one foot
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in the right eye and 20/80 in the left. There was no afferent pupil-
lary defect and he had reduced color vision in both eyes. He had
grade 1 optic disc edema with a nasal disc hemorrhage on the right
and trace optic disc edema on the left. MRI orbits showed enlarge-
ment and enhancement of the optic chiasm and prechiasmatic
optic nerves bilaterally, compatible with optic glioma. Diagnostic
studies included normal serum inflammatory markers, negative
CV2 antibody, and negative aquaporin-4 antibody. Cerebrospinal
fluid studies were significant for a mild pleocytosis of 9/uL, nega-
tive cytology, normal IgG index, and absent oligoclonal bands.
MRI cervical spine showed no abnormalities. Radiation treatment
of the presumed optic glioma was considered, but not performed.
He was treated empirically with steroids and prednisone taper.
Repeat MRI one week later showed a decrease in the size and
enhancement of the optic chiasm lesion. His visual acuity
improved to 20/200 in the right and 20/25 in the left. Several days
later MOG-IgG returned positive and treatment with mycopheno-
late mofetil was initiated.

Conclusion: Malignant optic nerve gliomas may present with fea-
tures of optic neuritis, including optic nerve head swelling. It is
important to recognize that MOG-IgG ON is known to present
with swelling of the optic nerves, longitudinally extensive optic
nerve lesions, and involvement of the optic chiasm. Given the
drastically different prognosis and treatment, it is important to
consider MOG-IgG ON along with malignant optic nerve
glioma.

Neuromyelitis Optica

P149

Relationship between Physical Activity Level, Fatigue and
Depression in Paediatric Neuomyelitis Optica Spectrum Dis-
order and Recurrent Optic Neuritis

Dr. Samantha Stephens, PhD!, Ms. Victoria O’Driscoll!, Mrs.
Stephanie Grover, MSc!, Ms. Tara Berenbaum, BSc?, Dr. Marcia
Finlayson, PhD3, Prof. Robert W Motl, PhD* and Dr. Ann Yeh,
MD, FRCPC!

!The Hospital for Sick Children, Toronto, ON, Canada, *The
Hopsital for Sick Children, Toronto, ON, Canada, 3Queen’s
University, Kingston, ON, Canada, *University of Alabama at
Birmingham, Birmingham, AL, >University of Toronto, Toronto,
ON, Canada

Background: Moderate-to-vigorous physical activity (MVPA)
has been associated with better psychosocial outcomes in pediat-
ric multiple sclerosis, but has not been evaluated in youth with
other recurrent demyelinating diseases such as neuromyelitis
optica spectrum disorder (NMOSD) and recurrent optic neuritis
(RON).

Objectives: To describe MVPA as it relates to fatigue and depres-
sion in children with NMOSD/RON as compared with healthy
controls. We hypothesized that youth with NMOSD/RON would
report higher depression and fatigue and lower MVPA levels com-
pared to sex and age matched healthy controls.

Methods: This cross-sectional study included consecutive youth
(<18 yrs.) with NMOSD or RON who completed the Pediatric
Quality of Life Multidimensional Fatigue scale, Center for
Epidemiological Studies Depression Scale, and the Godin Leisure
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Time Exercise Questionnaire at a Neuroinflammatory Clinic
(Hospital for Sick Children, Toronto, ON). Previously collected
healthy control data were used for comparison. NMOSD/RON
outcomes were examined by antibody profile.

Results: The sample included 30 NMOSD/RON patients (77%
female, mean age 13.0 years, 24 NMOSD/6 RON, avg. EDSS=1.0)
and 30 healthy controls (77% female, mean age 13.6 years.).
MVPA in the NMOSD/RON group was similar to healthy controls
(49.3 and 53.6 METs/week, respectively). Total fatigue
(mean=69.6 and 70.6, respectively) and depression (mean=12.7
and 12.0, respectively) were similar between groups. Higher
MVPA was associated with less total fatigue (r=0.420, p=0.026)
in the NMOSD/RON group. AQP-4-ab positive youth (n=6)
reported lower MVPA levels (mean=29.0 METs/week) and higher
fatigue levels (mean=59.3) than MOG-ab positive (n=16, 56.8
METs/week, 72.7) or ab negative (n=8, 51.5 METs/week, 71.1)
youth (NS p=0.129, p=0.338).

Conclusion: Youth with NMOSD/RON report similar fatigue,
depression and MVPA compared with healthy controls. AQP-4-ab
positivity may confer increased risk for low MVPA, but larger
studies are needed to confirm this finding. MVPA and total fatigue
correlated moderately in youth with disease, suggesting MVPA
may contribute to reduced fatigue in this group.

P150

Obstetric Outcomes in Mexican Patients with Nmo-IgG (+)
Nmo

Dr. Guillermo Delgado-Garcia, MD, Dr. Zoé Chavez, Dr. Isaac
Castillo-Garcia, Dr. Emmanuel Rodriguez-Chavez, Dr. Marco
Santos-Diaz, Dr. Sarah Vargas-Santana, Prof. Veronica Rivas-
Alonso, Prof. Teresa Corona-Vazquez and Prof. José Flores-
Rivera

National Institute of Neurology and Neurosurgery, Mexico City,
Mexico

Background: The influence of neuromyelitis optica (NMO) in
pregnancy is still unclear. A retrospective study found that, in
women positive for NMO-IgG (NMO-IgG [+]), 13% of pregnan-
cies ended in spontaneous abortion. There are potential ethnic
influences in NMO. The obstetric outcome of Mexican patients
with NMO-IgG (+) NMO is currently unknown.

Objectives: To describe the obstetric history of Mexican patients
with NMO-IgG (+) NMO.

Methods: We identified patients with diagnosis of NMO-IgG (+)
NMO from the database of the clinic of demyelinating diseases.
These patients were interviewed by telephone about their obstetric
history.

Results: Out of a total of 39 female patients, 28 (71%) were suc-
cessfully contacted and completed the survey. Of these, 18 (64%)
reported at least one previous pregnancy. At the time of the survey,
the mean age of these patients was 45.8+£10.5 years. Mean age at
which they presented their first clinical manifestation was 37.1+£9.3
years, in 1 patient this information was missing. Mean age at diag-
nosis was 38.3£9.1 years, in 2 patients this information was miss-
ing. In total, 45 pregnancies were reported: 39 (86%) of them
occurred >3 years before the first manifestation of NMO, 1
occurred >1 years before the first manifestation, and 1 occurred
after the first manifestation. The temporality of the rest is unknown.
Of all pregnancies, 10 (22%) were pregnancy losses: 4 were

Multiple Sclerosis Journal 2018;24: (SI) 11-117

classified as miscarriages and 2 as stillbirths. The temporality of
the rest is unknown. Of all pregnancy losses, 8 occurred >3 years
before the diagnosis of NMO, 1 occurred after the first manifesta-
tion of NMO. The temporality of the remaining loss is unknown.
All pregnancy losses occurred in 7 patients. Only one patient
reported a history of preeclampsia, and it occurred >3 years before
the first manifestation of NMO. Another patient reported a death
associated with premature birth, which happened >3 years before
the first manifestation of NMO. This patient also reported an intra-
partum death associated with breech delivery at term, which hap-
pened >3 years before the first manifestation of NMO.

Conclusion: More than one-third (38%) of the patients with pre-
vious pregnancies reported at least one pregnancy loss, most of
these occurred >3 years before the diagnosis of NMO.
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Vitamin D Supplementation May Have Therapeutic Effects
in Neuromyelitis Optica Spectrum Disorder

Mr. Mohammad Bagher Maljaei, Ms.C!, Prof. Vahid
Shaygannejad, Professor?, Dr. Gholamreza Askari3, Mr. Omid
Mirmosayyeb? and Prof. Mohammad Reza Maracy*

![sfahan Neuroscience Research Center, Isfahan University of
Medical Sciences, Isfahan, Iran, Isfahan, Iran (Islamic Republic
of), *Isfahan Neuroscience Research Center and Department
of Neurology, Alzahra Hospital, Isfahan University of Medical
Sciences, Isfahan, Iran., Isfahan, Iran (Islamic Republic of),
3Food Security Research Center and Department of Community
Nutrition, School of Nutrition and Food Sciences, Isfahan
University of Medical Sciences, Isfahan, Iran., Isfahan, Iran
(Islamic Republic of), Department of Epidemiology and
Biostatics, Isfahan University of Medical Sciences, Isfahan,
Iran., Isfahan, Iran (Islamic Republic of)

Background: Neuromyelitis optica Spectrum Disorder (NMOSD)
is an inflammatory disorder of the central nervous system that pre-
sents typically with relapses of optic neuritis or transverse myeli-
tis, in which IgG autoantibodies against aquaporin-4 water
channel protein probably play a pathogenic role. NMOSD is a
progressive disease that increases disability. Previous studies
were shown that vitamin D play an important role in autoimmune
and inflammatory diseases and patients with NMOSD has vitamin
D deficiency and there was negative correlation with serum vita-
min D and Expanded Disability Status Scale (EDSS) in NMOSD.
Objectives: The aim of this study is to investigate the effects of
vitamin D supplementation on IlgG-NMO and disability in patients
with NMOSD.

Methods: 29 patients with newly diagnosed of NMOSD were
involved to present randomized clinical trial study. Serum 25(OH)
vitamin D, IgG-NMO, EDSS, Fatigue Scale, dietary vitamin D
intake and Sun Exposure Status were assessed in patients with
NMOSD. Then, 15 patients that randomized selected, consumed
50000 International Unit (IU) of vitamin D3 per week for 15
weeks. Other 14 patients received placebo. In finally, were
assessed serum 25(OH) vitamin D, IgG-NMO, EDSS and Fatigue
Scale after intervention and investigated changes after interven-
tion. This present clinical trial study was approved by Iranian
Registry of Clinical Trials.

Results: Mean + SD of vitamin D intake, sun exposure scale,
serum 25(OH) vitamin D3 levels, [gG-NMO titration, EDSS and
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fatigue scale no had significant difference between intervention
and placebo groups before intervention. We observed significant
decreases in EDSS and fatigue scale after intervention in interven-
tion group. (EDSS before=4.91+1.85, after=3.54+0.97, p=<0.001
— Fatigue Scale before= 50.47+4.21, after= 38.57+3.12,
p=<0.001). Also IgG-NMO titration decreased after supplementa-
tion but this was marginally significant. (p=0.069). Too, we
observed a significant negative correlation between serum vita-
min D and EDSS (r=-0.717, p=0.004), fatigue scale (r=-0.410,
p=0.027) and IgG-NMO (r=-0.564, p=0.001) in all participants
after intervention. Age, gender, disease duration and latitude were
not confounder variables.

Conclusion: Physiological variation in vitamin D may exert a
major impact on autoimmune and inflammatory disease. We
observed that vitamin D supplementation can decrease [gG-NMO,
EDSS and fatigue scale in participants with NMOSD and vitamin
D supplementation may have therapeutic effects in NMOSD.
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Salt Intake and Disability in Neuromyelitis Optica Spectrum
Disorder

Mr. Mohammad Bagher Maljaei, Ms.C!, Prof. Vahid
Shaygannejad, Professor?, Dr. Gholamreza Askari?, Prof.
Mohammad Reza Maracy* and Mr. Omid Mirmosayyeb?
Isfahan Neuroscience Research Center, Isfahan University of
Medical Sciences, Isfahan, Iran, Isfahan, Iran (Islamic Republic
of), *Isfahan Neuroscience Research Center and Department

of Neurology, Alzahra Hospital, Isfahan University of Medical
Sciences, Isfahan, Iran., Isfahan, Iran (Islamic Republic of),
3Food Security Research Center and Department of Community
Nutrition, School of Nutrition and Food Sciences, Isfahan
University of Medical Sciences, Isfahan, Iran., Isfahan, Iran
(Islamic Republic of), *Department of Epidemiology and
Biostatics, Isfahan University of Medical Sciences, Isfahan,
Iran., Isfahan, Iran (Islamic Republic of)

Background: Neuromyelitis optica Spectrum Disorder (NMOSD)
is an inflammatory disorder of the central nervous system (CNS)
that presents typically with relapses of optic neuritis or transverse
myelitis, in which IgG autoantibodies against aquaporin-4 water
channel protein probably play a pathogenic role and IgG-NMO
levels had correlation with disability in this patients. Previous
studies demonstrated high salt intake may be associated with pro-
inflammatory changes in the immune response, and increased
clinical and magnetic resonance imaging (MRI) activity and
aggravates T helper cell (Th) 17 responses and neuroinflammation
in adults with multiple sclerosis.

Objectives: The aim of this study was to examine the association
between salt intake and disability in patients with NMOSD.
Methods: 68 patients with diagnosed NMOSD with MRI assess-
ment of brain and spinal cord, clinical symptoms and IgG-NMO
test were recruited from multiple sclerosis clinic in Kashani
Hospital of Isfahan University of Medical Sciences, Isfahan, Iran
include from present cross-sectional study. A 168-item semi-
quantitative food frequency questionnaire (FFQ) was used for
assessment of dietary intakes of salt. Medical history question-
naire, Expanded Disability Status Scale (EDSS) and Fatigue ques-
tionnaire were recorded and IgG-NMO was assessed in all
participants.

http://journals.sagepub.com/home/ms;j

Results: Mean + SD of salt intake, EDSS and fatigue scale in
IgG-NMO positive group was significant higher than IgG-NMO
negative group. There was a positive significant correlation
between dietary intakes of salt with EDSS (r=0.418, p=0.023),
salt and fatigue scale (r=0.323, p=0.044) in IgG-NMO positive
group. Correlation between dietary intakes of salt and EDSS in
IgG-NMO negative group was marginally positive significant
(r=0.265, p=0.059) and was a positive significant correlation of
dietary intake of salt with EDSS in all participants (r=0.341,
p=0.041).

Conclusion: This present study is a first report about dietary
intake of salt and disability in neuromyelitis optica spectrum dis-
order. Our study demonstrated that there is a positive significant
correlation between salt intake and EDSS in patients with
NMOSD. In addition, dietary intakes of salt can increase fatigue
status in NMOSD patients with positive [gG-NMO. These data
may further fuel our understanding on the dietary impact on dif-
ferent immune cell subsets in autoimmune diseases. Further stud-
ies with larger sample sizes and other population needed to prove
this correlation.
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Severe Optic Neuritis: 72 Cases from Turkey

Prof. Gulsen Akman-Demir, MD!, Prof. Gulden Akdal, MD?2, Dr.
Hulya Ertasoglu Toydemir, MD?3, Prof. Burcu Altunrende!, Dr.
Ilksen Isikay, MD#, Dr. Aylin Yaman, MD?2, Prof. Figen Gokcay,
MD?, Dr. Sebnem Bicakci, MDS, Prof. Meltem Soylev Bajin,
MD? and Prof. Nese Celebisoy, MD?

[stanbul Bilim University Medical School, Istanbul, Turkey,
’Dokuz Eylul University Medical School, Izmir, Turkey, 3Istanbul
Sadi Konuk Hospital, Istanbul, Turkey, ‘Hacettepe University
Medical School, Ankara, Turkey, ’Ege University Medical
School, Izmir, Turkey, *Cukurova University Medical School,
Adana, Turkey

Background: Severe optic neuritis (ON), also considered as atyp-
ical ON, is characterized by agressive course, lack of response to
steroids, and recurrence during steroid tapering.

Objectives: Our aim was to evaluate the clinical features, labora-
tory findings, treatment modalities and outcomes of the patients
with severe ON from Turkey, seen over the last 10 years.
Methods: Clinical files of 6 university hospitals were evaluated
retrospectively to define cases with severe ON. Patients who show
clinical involvement of other sites of the nervous system were
excluded.

Results: There were 72 patients, aged 16 to 65 years (mean 38 +
12): 52 (72%) were female, 18 had bilateral involvement, 37
(51%) had only one attack, 35 (49%) had 2 or more attacks. Anti-
aquaporin-4 antibody was positive in only 4/72. Twelve patients
were tested for MOG antibodies, and one was positive. All the
patients received IV methylprednisolone (IVMP) for the acute
attack, 9 had monthly IVMP, 8 had IVIg, and 20 patients who did
not respond to corticosteroids had plasma exchange. Of the 35
with recurrence had 29 azathioprine, 2 had rituximab, 2 had meth-
otrexate, and 2 had mycophenolate mofetil. Final outcome: 23/72
patients had no recovery of vision, 17 had full recovery, the other
22 had partial recovery.

Conclusion: It is important to recognize and treat severe ON
early since prognosis can be poor, and treatment could lead to
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significant improvement. Plasma exchange should be considered
in patients unresponsive to corticosteroids. IVIg could be an
option in those patients who cannot receive plasma exchange.

P154

Lumbosacral Radiculomyelopathy- a Rare Presentation in an
Established Case of Neuromyelitis Optica Spectrum Disorder
Dr. Aparna M. Prabhu,

Einstein Medical Center, Philadelphia, PA

Background: Lumbosacral Radiculomyelopathy is an uncom-
mon presentation of Neuromyelitis Optica (NMO). It has been
reported in 2 patients with NMO Spectrum Disorders (NMOSD).
We present a patient with diagnosed NMOSD and lumbosacral
Radiculomyelopathy.

Objectives: Classically NMO tends to spare the conus. One report
suggests that lesions in the conus medullaris were seen in 1.58% in
NMOSD, and 9.6% in anti-AQP4 antibody positive cases. In myelin
oligodendrocyte glycoprotein (MOG) antibody-positive NMO/
NMOSD, conus involvement on spinal magnetic resonance imaging
is 75%, whereas in AQP4-Ab-positive cases it is only seen in 17%.
Methods: Case: A 21-year-old female presented with Area
Postrema syndrome; following imaging and a positive serum anti-
aquaporin 4 antibody, she was diagnosed with Neuromyelitis optica
spectrum disorder (NMOSD). She was started on disease modify-
ing agent Rituximab which was administered at 6 monthly intervals
or if her CD19 counts increased whichever came earlier.

She presented to clinic with urinary incontinence and saddle anes-
thesia just after having missed her Rituximab infusion at the
6-month mark. The MRI spine demonstrated a lesion in the conus
medullaris and contrast enhancement of the nerve roots in the
cauda equina. Work up for other etiologies was negative.
Results: The patient had an NMO flare constituting
Myeloradiculopathy, a rare presentation of NMOSD. She received
plasmapharesis with near complete resolution of her symptoms.
She has had no recurrence of symptoms since restarting on
Rituximab infusions.

Conclusion: Lumbosacral Myeloradiculopathy is an uncommon
presentation of NMO /NMOSD. There are only 2 other cases
reported in the literature.

If lumbosacral myeloradiculopathy is the initial presentation, it is
imperative to check the antiaquaporin-4 antibody.

If anti-aquaporin-4 antibody is negative, it is necessary to check
for anti-myelin oligodendrocyte antibody as the incidence of lum-
bosacral myeloradiculopathy is higher in anti-MOG positive
patients.

Conus lesions are overlooked as neuroimaging obtained typically
in suspected NMO includes only the cervical and thoracic spinal
cord looking for LETMs. In addition, lower motor neuron lesions
are typically not suspected in NMOSD. In patients with diagnosed
NMO/NMOSD, it is important to suspect conus / cauda lesions
especially if presentation includes bowel, bladder, or sexual dys-
function — leading to imaging of the lumbosacral spinal cord.
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Neuromyelitis Optica Relapses 17 Years Apart after Empiric
Treatment for Neurosarcoidosis

Dr. Alex Mirzoev, MD!, Dr. Suraj Rajan, MD, MSc.2 and Dr.
Tracy J Eicher, MD, MSCS!
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2John Hopkins University, Baltimore, MD

Background: Neuromyelitis optica (NMO) is an uncommon
demyelinating disorder, preferentially affecting the spine and
optic nerves. It shares overlapping features with multiple sclero-
sis, neurosarcoidosis and other autoimmune conditions. However,
the discovery of aquaporin-4 antibodies (AQP4-Abs), greater
MRI resolution, and the establishment of criteria have tremen-
dously improved diagnostic accuracy.

Objectives: Highlight the difficulty in diagnosing NMO, espe-
cially before the discovery of serum biomarkers. Discuss similari-
ties to other neuroinflammatory conditions

Methods: obtaining images and serum lab studies during hospi-
talizations. Obtaining past medical records.

Results: We present a patient with acute longitudinally-extending
transverse myelitis, found to be seropositive for AQP4-Abs. 17
years prior, gadolinium-enhancing lesions in the spine and brain-
stem were attributed to possible neurosarcoidosis, and she
received immunomodulatory treatment. To date, there is no evi-
dence of optic neuritis.

Conclusion: This case adds to the growing body of evidence that
NMO is characterized by frequent misdiagnosis, and is highly
variable in both disease course and areas of demyelination.
Moreover, treatment regimens between neuroimmunological con-
ditions are not identical, and therefore, the correct diagnosis is
imperative.

P156

Diet and Neuromyelitis Optica Spectrum Disorder; Associa-
tion between Food Group Intakes and Disability in Patients
with Nmosd

Mr. Mohammad Bagher Maljaei, Ms.C!, Prof. Vahid
Shaygannejad, Professor?, Mr. Omid Mirmosayyeb?, Dr.
Gholamreza Askari® and Prof. Mohammad Reza Maracy*
[sfahan Neuroscience Research Center, Isfahan University of
Medical Sciences, Isfahan, Iran, Isfahan, Iran (Islamic Republic
of), 2Isfahan Neuroscience Research Center and Department
of Neurology, Alzahra Hospital, Isfahan University of Medical
Sciences, Isfahan, Iran., Isfahan, Iran (Islamic Republic of),
3Food Security Research Center and Department of Community
Nutrition, School of Nutrition and Food Sciences, Isfahan
University of Medical Sciences, Isfahan, Iran., Isfahan, Iran
(Islamic Republic of), “Department of Epidemiology and
Biostatics, Isfahan University of Medical Sciences, Isfahan,
Iran., Isfahan, Iran (Islamic Republic of)

Background: Neuromyelitis optica Spectrum Disease (NMOSD)
is an inflammatory disorder of the central nervous system (CNS)
that presents typically with relapses of optic neuritis or transverse
myelitis, in which IgG autoantibodies against aquaporin-4 water
channel protein probably play a pathogenic role and IgG-NMO
levels had correlation with disability in this patients. Assessment
of dietary intakes of food groups is an approach that has been used
to evaluate diet-disease and diet-disability association.
Objectives: To investigate of Association between food group
intakes and disability in patients with NMOSD.

Methods: 68 patients with diagnosed NMOSD with MRI assess-
ment of brain and spinal cord, clinical symptoms and IgG-NMO
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test were recruited from multiple sclerosis clinic in Kashani
Hospital of Isfahan University of Medical Sciences, Isfahan, Iran
include from present cross-sectional study. A 168-item semi-
quantitative food frequency questionnaire (FFQ) was used for
assessment of dietary intakes of food groups. Medical history
questionnaire, Expanded Disability Status Scale (EDSS) and
Fatigue questionnaire record from all participants.

Results: Mean + SD of EDSS and fatigue scale in IgG-NMO
positive group was significant higher than IgG-NMO negative
group. There was a negative significant correlation between
intakes of whole grain (r=-0.312, p=0.031), fish (r=-0.452,
p=0.018) and fresh fruits (r=-0.365, p=0.026) with EDSS in all
participants and intakes of fresh vegetables (r=-0.394, p=0.038)
and EDSS in IgG-NMO negative subgroup. In addition, there was
anegative significant correlation between intakes fresh vegetables
(r=-0.302, p=0.034) and fresh fruits (r=-0.372, p=0.023) with
fatigue scale in all participants. Correlation between red and pro-
cessed meats with EDSS (r=0.512, p=0.002) and fatigue scale
(r=0.439, p=0.020) was significantly positive in all participants.
Although correlation between dietary intakes of dairy and vegeta-
ble oil with EDSS and fatigue scale in all participants and sub-
groups were negative, but was not significant.

Conclusion: Our study demonstrated that there is a positive sig-
nificant correlation between intakes of red and processed meat
with EDSS and fatigue scale in all participants. In addition, die-
tary intakes of whole grain, fish and fresh fruits can decrease
EDSS in all patients with NMOSD. This is first report of dietary
intakes of food groups in NMOSD patients. Further studies with
larger sample sizes and other population needed to prove this
correlation.
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Rituximab Therapy during Course of Pregnancy in Neuro-
myelitis Optica: Case Report

Dr. Jahir Miranda Acuna, MD, Dr. Erica Rivas, MD, Dr.
Roslynn Stone, Pharm.D., Ph.D. and Dr. Lilyana Amezcua, MD,
MS

University of Southern California, Los Angeles, CA

Background: Neuromyelitis optica (NMO) is a rare demyelinat-
ing autoimmune disorder of central nervous system where
increased relapse rates have been reported during pregnancy and
postpartum stages. Immunosuppressive therapy such as rituximab
(RTX), an anti CD20 agent, is commonly used to control the
disease.

Objectives: However, little is known about NMO and pregnancy
treatment management.

Methods: We present a 35 year-old Japanese-American female
diagnosed with NMO April 2015 after presenting with transverse
myelitis followed by bilateral optic neuritis shortly after delivery
of her first child. Brain/spinal cord MRI were consistent with typi-
cal NMO-lesions in thoracic segment at T2-T4 and normal brain
MRI, complete laboratory work-up showed anti-NMO antibody
titers >1:160 and mimickers and other autoimmune diseases were
ruled out. RTX was started and continued at 6 month intervals.
After one year on RTX she was without evidence of disease activ-
ity, the B cell count remained <1% and the NMO antibody titers
were 1:14. She conceives in December 2016 and has been main-
tained on RTX until delivery (Sept 2017) due to high postpartum

http://journals.sagepub.com/home/ms;j

risk of relapse and NMO titer rising during first trimester.
Currently, she remains stable in regard to her NMO and her ade-
quate materno-fetal well-being

Results: RTX during pregnancy is controversial due to scarce
data in the literature. Previous case reports in NMO patients have
shown that RTX might be safe and effective during the pregnancy,
nevertheless there are very few cases published and to date there
is no published case of RTX during the entire course of pregnancy
with associated NMO titers and B cell counts

Conclusion: Herein, we describe a patient with NMO who
remained on RTX therapy during her complete pregnancy course
with good outcome suggesting that RTX in NMO patients during
pregnancy may be safe and useful for the management of these
high-risk patients. Long term effects to the mother and newborn
remain to be looked into.
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Multiphasic Disseminated Encephalomyelitis in an Adult
with Serological Markers of Autoimmunity: A Co-Existing
Entity or a Nmo Spectrum Disorder

Dr. Natasha Hameed and Dr. Mitesh Lotia

University of Arkansas Medical Sciences, little rock, AR

Background: Multiphasic Disseminated Encephalomyelitis
(MDEM) has been defined as two distinct episodes of acute dis-
seminated encephalomyelitis (ADEM), separated by three months
apart. The recurrent episode may have new or a re-emergence of
prior neurological symptoms, signs and MRI findings. While rare
in adults, possible auto-immune mechanisms of the disease with
existing antibodies, including the recently described myelin oligo-
dendrocyte protein antibody (anti MOG), have been proposed.
Objectives: We discuss a case of MDEM in an adult with co-
existing positive SS-A and anti-thyroglobulin antibodies.
Methods: Case report

Results: A 37-year-old Hispanic female presented with 2 weeks
of progressive vertigo, nausea, vomiting and diplopia. Two weeks
prior to the symptom onset, she reported nonspecific gastrointes-
tinal and upper respiratory tract symptoms which resolved sponta-
neously. Her exam demonstrated nystagmus, right lateral rectus
and facial palsy along with dysesthesia of the right face. There
was no dysmetria or ataxia. MRI of the brain showed demyelina-
tion of the left cerebellar vermis and right medial pons. She was
treated with intravenous methylprednisolone with near total reso-
lution of her symptoms. The etiology remained undetermined
despite the initial work up including lumbar puncture (LP). One
year later, she presented with similar complaints with new onset
significant dysmetria and ataxia. Repeat MRI brain showed prior
lesions without any contrast enhancement. Repeat LP once again
revealed lymphocytic pleocytosis with normal protein, glucose
and 2 oligoclonal bands. Neuromyelitis optica (NMO) antibody,
cerebral angiogram and infectious work up were negative.
However, SS-A antibody and anti-thyroglobulin antibodies were
positive. Though she did not fit the complete criteria for Sjogren’s
syndrome (SS), she did report dry eyes, swollen glands, and trou-
ble swallowing. She had also begun to show signs of hypothyroid-
ism. There was improvement in her ataxia after another round of
intravenous steroids and she was discharged home.

Conclusion: The question lies in whether our case was a co-exist-
ing entity of a multiple autoimmune syndrome (MAS), or a part of
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the NMO spectrum disease. There have been several cases
reported on co-existing SS and Neuromyelitis Optica. However
on our literature review, no case of MDEM with positive SS-A
and anti-thyroglobulin antibodies has been clearly reported. This
leads us to the common belief of co-existing autoimmune diseases
in a patient with genetic predisposition.
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Comparison of Fats/Oils Intake and Disability in Patients
with MS and Patients with Nmosd

Mr. Mohammad Bagher Maljaei, Ms.C!, Prof. Vahid
Shaygannejad, Professor?, Mr. Omid Mirmosayyeb?, Dr.
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Biostatics, Isfahan University of Medical Sciences, Isfahan,
Iran., Isfahan, Iran (Islamic Republic of)

Background: Multiple Sclerosis (MS) and Neuromyelitis Optica
Spectrum Disorder (NMOSD) are two neurodegenerative, auto-
immune and inflammatory diseases that involve central nervous
system (CNS). Assessment of dietary intakes of fats is an approach
that has been used to evaluate diet-disease and diet-disability
association.

Objectives: To investigate of fats/oils intake and disability in
patients with MS and patients with NMOSD.

Methods: 126 patients with diagnosed MS (84 RRMS, 21 PPMS
and 21 SPMS) and 68 patients with diagnosed NMOSD with MRI
assessment of brain and spinal cord were recruited from multiple
sclerosis clinic in Kashani Hospital of Isfahan University of
Medical Sciences, Isfahan, Iran include from present case control
study. A 168-item semi-quantitative food frequency questionnaire
was used for assessment of dietary intakes of fatty acids. Medical
history questionnaire, Expanded Disability Status Scale (EDSS)
and Fatigue questionnaire record from all participants.

Results: Mean + SD of EDSS, fatigue scale, and dietary intakes
of saturated fatty acids (SFAs) in patients with MS were lower
than NMOSD patients, but were not significant. Total fat, Mono
Unsaturated fatty acids (MUFAs) and Poly Unsaturated Fatty
Acids (PUFAs) intakes in MS patients were higher than patients
with NMOSD without any significant differences. There was a
negative significant correlation between dietary intakes of total
fats (r=-0.975, p=0.025) and PUFAs (1=-0.986, p=0.014) with
EDSS, total fats (1=-0.995, p=0.005) and MUFAs (r=-0.964,
p=0.036) with fatigue Scale in patients with MS. In addition, there
were negative significant correlation between dietary intakes of
PUFAs (r=-1.054, p=0.001) with EDSS, total fats (r=-0.951,
p=0.046) and PUFAs (r=-0.991, p=0.009) with fatigue Scale in
patients with NMOSD. There were positive significant correlation
between SFAs with EDSS (r=0.998, p=0.003) in patients with MS
and positive significant correlation between SFAs with EDSS
(r=1.125, p=<0.001) and fatigue scale (r=1.218, p=<0.001) in
patients with NMOSD.
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Conclusion: Our study demonstrated that there is a positive sig-
nificant correlation between intakes of SFAs with EDSS in
patients with MS and patients with NMOSD. In addition, dietary
intakes of PUFAs can decreases EDSS in all patients with MS or
NMOSD and decreases fatigue scale in NMOSD patients. Dietary
intakes of fats and types of fatty acids may impress on disability
in MS and NMOSD.

Neuroprotection and
Neuroregeneration
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Ozanimod (RPC1063) Potentially Confers Neuroprotective
Benefit through Modulation of SIP1R on Astrocytes

Dr. Kristen R. Taylor Meadows, Dr. Mohd Waseem Akhtar, Ms.
Christiane Villescaz, Mr. Bryan Clemons, Mr. Carlos Lopez,
Mrs. Samantha Sawa-Ballweber, Dr. Kevin Dines, Dr. Gregory
J. Opiteck, Dr. Fiona L. Scott and Dr. Julie V. Selkirk

Receptos, a wholly owned subsidiary of Celgene Corporation,
San Diego, CA

Background: Ozanimod (RPC1063) is an oral, once-daily immu-
nomodulator that selectively targets S1P,; and S1Ps; and has
shown therapeutic benefit in clinical trials of relapsing multiple
sclerosis (RMS). Ozanimod down-regulates S1P,; and retains
autoreactive lymphocytes in peripheral lymphoid tissues.
Furthermore, ozanimod penetrates the blood-brain barrier, poten-
tially modulating S1P;; and S1Ps; on neural cells, which may
confer neuroprotective benefits.

Objectives: Neuroprotection by ozanimod was investigated using
animal models of demyelination and assessed with histological
and functional readouts. Plasma neurofilament light chain (NF-L)
was assessed as a potential biomarker of neurological damage.
The direct activity of ozanimod on primary rodent astrocytes in
vitro was explored for their potential role in neuroprotection.
Methods: To study neuroprotection in vivo, C57BL/6 mice were
treated with cuprizone to demyelinate axons in the brain and con-
currently treated with ozanimod (or an ozanimod surrogate
RP-101074) for 6 weeks. Neuroprotection was assessed by axonal
pathology in the corpus callosum (SMI-32 staining), functional
assessment through kinematic gait analysis and the presence of
plasma NF-L. Direct activity of ozanimod was examined on acti-
vated primary rodent astrocytes in vitro.

Results: Ozanimod and its surrogate RP-101074 are neuroprotec-
tive in the cuprizone-induced mouse model demonstrating a
reduction in swollen and transected axons and improved func-
tional assessment through kinematic gait analysis. Plasma NF-L
was significantly elevated in cuprizone-treated mice over naive
controls and ozanimod or RP-101074 treatment significantly
reduced elevated plasma NF-L. Ozanimod directly effects pri-
mary rodent astrocytes through activation of ERK and AKT sign-
aling pathways and attenuated the release of pro-inflammatory
cytokines, including IL-1p and TNFa, induced by LPS
activation.

Conclusion: Ozanimod is potentially neuroprotective through
direct CNS effects, as demonstrated by reduced axonal breaks and
improved functional capabilities following cuprizone-induced
demyelination. CNS tissue preservation of neurons by ozanimod
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may be mediated in part by its direct activity on astrocytes, attenu-
ating their inflammatory response to a perturbed environment and
thus maintaining a more optimal milieu for neuronal survival.
Furthermore, plasma NF-L served as a biomarker indicative of
demyelination and was reduced upon ozanimod or RP-101074
treatment.

Neuropsychology and Cognition

P161

Screening for Cognitive Impairment and Depression in MS
Patients: Current Practices, Perceptions, and Barriers in
Selected United States MS Clinics

Dr. Guy J Buckle, MD, MPH!, Dr. Derrick Robertson, MD?2,
Dr. Natalie Moreo, MD?, Ms. Angela Aungst, MPH, CPHZ, Dr.
Jeffrey Carter, PhD? and Dr. Tamar Sapir, PhD3

!Andrew C. Carlos MS Institute at Shepherd Center, Atlanta,
GA, *University of South Florida College of Medicine, Tampa,
FL, 3PRIME Education, LLC, Tamarac, FL

Background: Leading international MS organizations recom-
mend using validated tools to screen patients for cognitive impair-
ment and depression. Studies are needed to assess neurologists’
current screening practices, perceptions, and barriers.
Objectives: Assess (1) the extent to which validated tools are
used to screen MS patients for cognitive impairment and clinical
depression; (2) neurologists’ perceptions of the clinical value of
formal screening; and (3) barriers to using screening tools.
Methods: (1) Reviews of electronic medical records (EMRs) of
MS patients (n=300) in 2 large specialty clinics in the Southeastern
U.S.; and (2) surveys administered to national leaders in MS
research and treatment who practice in 10 academic medical cent-
ers across the U.S. (n=11).

Results: EMR reviews indicated low rates of documented use of
validated tools for assessing cognitive impairment (2%) and
depression (3%), whereas a substantial proportion of patients
were documented to have these disorders (36% and 44%, respec-
tively) based on informal assessment. Rates of documented
screening were similar across the 2 MS clinics. Referrals to neu-
ropsychologists were made for 26% of patients with documented
cognitive impairment. Referrals to psychiatrists were made for
64% of patients with documented depression. Among survey
respondents, 45% and 36% reported using validated tools to
assess cognitive impairment and depression, respectively. Specific
screening tools varied across the 10 MS clinics. Respondents who
reported not using validated tools cited lack of time to administer
them and analyze the results, lack of evidence supporting their
use, lack of compensation by insurers, and preference for assess-
ing cognition and mood through loosely structured patient
interviews.

Conclusion: In 2 U.S. specialty clinics for MS, only a small pro-
portion of patient EMRs indicated documented use of validated
tools for assessing cognitive impairment and depression. National
leaders in MS research and treatment reported disparate practices
and perceptions regarding the use and value of validated tools ver-
sus loosely structured patient interviews. Given the high preva-
lence of cognitive impairment and depression among MS patients
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and the negative impact of these comorbidities on quality of life,
these findings have implications for addressing variations in the
uptake of international recommendations to screen patients for
cognitive impairment and clinical depression.
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Initiation of natalizumab is associated with improvements in
cognitive function as measured by NeuroTrax

Dr. Mark Gudesblatt, MD!, Mr. Karl Wissemann!, Dr. Myassar
Zarif!, Dr. Barbara Bumstead!, Mrs. Lori Fafard!, Dr. Jeffrey
Wilken?, Dr. Karen Blitz!, Dr. Marijean Buhse!, Prof. Qunming
Dong?#, Dr. Christophe Hotermans? and Prof. Lily Lee, PhD?
ISouth Shore Neurologic Associates, PC, Patchogue, NY,
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completion of work), Cambridge, MA

Background: Cognitive impairment affects the majority of MS
patients and is not commonly recognized or monitored. NeuroTrax
(NT) is a computerized cognitive assessment administered in an
office setting in ~45 minutes. NT provides an objective cognitive
profile measure with a global cognitive score (GCS) and 7 indi-
vidual domain scores (memory, executive function, attention,
information processing speed, motor function, verbal function,
and visual-spatial processing). A historical publication has
described the use of NT in a MS cohort (N=1500) with <30 years
of disease duration (Achiron, et al. PLoS One 2013;8:¢71058).
This cohort exhibited poorer cognitive performance than healthy
subjects, especially in the executive function and information pro-
cessing speed domains.

Objectives: To assess cognitive function as measured by NT in
MS patients treated with natalizumab for >2 years.

Methods: This retrospective observational study included US
patients aged 18-70 years with MS who had >2 cognitive test
dates >10 months apart in the course of routine clinical care while
on 300 mg intravenous natalizumab every 4 weeks for >2 years.
Chart information was retrospectively reviewed to examine NT
data assessed at baseline and yearly thereafter. This study meas-
ured change in GCS and the 7 individual domain scores from
baseline to post >24 infusions of natalizumab. Change from base-
line in global and individual domain scores at each year was ana-
lyzed using a generalized estimating equation model adjusted for
baseline Expanded Disability Status Scale (EDSS) score and age.
Results: In the intent-to-treat population at baseline (N=52), 22
patients (42%) had disease duration of 0-5 years and 30 (58%)
had disease duration >6 years. The mean (standard deviation
[SD]) baseline EDSS score was 2.17 (1.74). Prior to initiating
natalizumab, 12 patients (23%) were treatment naive and 40
(77%) were on another disease-modifying treatment (DMT). GCS
score improved significantly from baseline (median [range]: 97.9
[63.2-115.4]; mean [SD]: 95.5 [12.9]) to year 2 (median [range]:

101.2 [61.4-116.3]; mean [SD]: 989 [13.2]; P=0.0029).
Improvement was observed in all 7 cognitive domains from base-
line through year 2.

Conclusion: Whether patients were treatment naive or previously
treated with other DMTs, natalizumab significantly improved
cognitive function, measured by NT global scores, over 2 years of
treatment. Cognitive impairment can be reduced in MS patients
with high-efficacy DMT use.
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Chronic Demyelination Induces Significant Changes in Hip-
pocampal Structure and Function

Dr. Kelli Lauderdale, PhD!, Mr. Jonnathan Hasselmann, BS!,
Ms. Joselyn Soto, B.S.! and Prof. Seema K. Tiwari-Woodruff,
PhD?

ISchool of Medicine at UC-Riverside, Riverside, CA, ?University
of California, Riverside, Riverside, CA

Background: Nearly 40 to 70% of multiple sclerosis (MS)
patients experience cognitive impairment. The impact of inflam-
mation on neuronal synaptic plasticity is well established in
experimental autoimmune demyelination which showed deficits
in hippocampal long-term potentiation (LTP) and cognitive mem-
ory tasks. These detrimental effects were thought to be due to acti-
vated microglia and inflammatory soluble mediators. However,
the impact of chronic demyelination on hippocampal function,
such as seen during progressive MS, is understudied.

Objectives: The role of hippocampus axon myelination/demyeli-
nation was investigated in the cuprizone (CPZ) diet model of MS.
We hypothesize that chronic demyelination induces substantial
changes in the function of hippocampal circuitry and synaptic
transmission involved in learning and memory.

Methods: C57Bl/6 male mice were fed CPZ for 9 and 12 weeks.
Immunohistochemistry, Western blotting, and Golgi Sholl anal-
ysis was performed. Additionally, functional synaptic electro-
physiology was performed to assess CA3-CAl glutamatergic
transmission which is a widely studied example of synaptic plas-
ticity. Synaptic transmission and plasticity was assessed by
measuring field excitatory post-synaptic potentials (fEPSPs)
from the dendrites of CA1 pyramidal cells in the stratum radia-
tum during LTP.

Results: Significant decreases in myelin protein staining, indicat-
ing demyelination, was observed in the hippocampus.
Demyelination was accompanied with an increase in microglia
and astrocytes. Significant alterations in synaptic proteins and a
decrease in the dendritic arborizations of pyramidal neurons in the
stratum radiatum was observed during demyelination. Chronic
demyelination also increased stimulation intensity to reach fEPSP
threshold and this increase in threshold persisted following remy-
elination. Interestingly, LTP in the CA3-CAl circuitry was
enhanced with 9 weeks of CPZ induced demyelination but 12
weeks CPZ and 3 weeks remyelination groups showed decreased
evoked LTP amplitudes when compared to normal animals.
Conclusion: This data demonstrates that there are significant
changes in myelin protein, inflammatory cells, and synaptic pro-
teins that correlate with changes in long term potentiation in
demyelinated animals. Understanding these complex changes in
the hippocampal circuitry during demyelination will allow us to
identify new therapeutic targets which may aid in treating this
impairment in MS patients.
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Comparing Relationships between Demographic and MS
Disease Factors, and Objective and Subjective Fatigue Met-
rics

Ms. Eliana Pasternak, MA! and Dr. Frederick Foley, PhD?
{Ferkauf Graduate School of Psychology, Bronx, NY, ?Holy
Name Medical Center, Teaneck, NJ

Multiple Sclerosis Journal 2018;24: (SI) 11-117

Background: Although much research has been devoted to char-
acterizing fatigue in Multiple Sclerosis (MS), associations
between fatigue, and demographic and disease factors have con-
sistently eluded replication from one study to another. The present
study examines the relationship between demographic and MS
disease factors, and objective and subjective fatigue metrics.
Findings may contribute to improved understanding of fatigue, as
well as the identification of risk and potential protective factors.
Objectives: To determine the relationship between perceived and
objective fatigue severity, and demographic and MS disease
factors.

Methods: A retrospective chart review was conducted for patients
with  MS who had undergone neuropsychological testing.
Perceived fatigue was measured using the Fatigue Severity Scale
(FSS). Objective fatigue was measured using a previously vali-
dated method of modified scoring on the oral Symbol-Digit
Modalities Test (SDMT) examining productivity change over the
course of administration. Correlation and regression analyses
were run between demographic and disease variables (i.e., age,
race, gender, employment status, upper extremity function, lower
extremity function, cognitive function, disease duration, depres-
sion) and objective and perceived fatigue severity.

Results: Combined, employment status and walking speed were
significantly associated with objective cognitive fatigue. Gender,
depression, disease duration, walking speed, and employment status
were significantly associated with perceived fatigue. Objective and
perceived fatigue were not significantly associated with each other.
Conclusion: Employment status and walking speed were signifi-
cantly associated with both objective and perceived fatigue sever-
ity. Findings further our understanding of the relationship between
objective and perceived fatigue, and their association with con-
comitant patient and disease factors.
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Cognitive Reserve and Cognitive Fatigue in MS

Ms. Eliana Pasternak, MA! and Dr. Frederick Foley, PhD?
Ferkauf Graduate School of Psychology, Bronx, NY, ?Holy
Name Medical Center, Teaneck, NJ

Background: Fatigue is among the most prevalent and disabling
centrally mediated symptoms in Multiple Sclerosis. The present
study examines whether cognitive reserve is associated with
objective and perceived fatigue severity in MS. Findings may
contribute to improved understanding of cognitive fatigue, as well
as the identification of risk and potential protective factors.
Objectives: To determine the relationship between cognitive
reserve and fatigue in MS.

Methods: A retrospective chart review was conducted for patients
with MS who had undergone neuropsychological testing.
Cognitive reserve was measured via proxy of years of education
and IQ. Perceived fatigue was measured using the Fatigue Severity
Scale (FSS). Objective fatigue was measured using modified scor-
ing on the oral Symbol-Digit Modalities Test (SDMT) examining
productivity change over the course of administration. Correlation
and regression analyses were run between reserve and fatigue
variables.

Results: Neither educational attainment nor general intellectual
functioning was significantly associated with objective cognitive
fatigue or perceived fatigue severity.
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Conclusion: Although current findings do not indicate the pres-
ence of a relationship between reserve and fatigue in MS, future
study is warranted examining reserve and previously documented
neurophysiological fatigue network activation patterns.

Pathogenesis - Immunology

P166

From T Cell Receptor to Antigen, Systems Approach to Dis-
covering T Cell Antigen(s) in Multiple Sclerosis and Experi-
mental Autoimmune Encephalomyelitis

Dr. Naresha Saligrama, PhD!, Dr. Fan Zhao, PhD!, Dr. Ricardo
A Fernandes, PhD!, Mr. William S Serratelli, BA!, Mr. David
M Louis, BA!, Dr. Yueh-Hsiu Chien, PhD!, Dr. Christopher

K Garcia, PhD!, Dr. Jorge Oksenberg, PhD? and Dr. Mark M
Davis, PhD!

IStanford University, Stanford, CA, ?University of California San
Francisco, San Francisco, CA

Background: The role of T cells in Multiple sclerosis (MS) and
experimental autoimmune encephalomyelitis (EAE) is well estab-
lished. However, long-standing quest in MS is to determine key T
cell antigen(s), which drive the initial response.

Objectives: There is a need for comprehensive understanding of
the T cell receptor (TCR) repertoire in MS with a focus on identi-
fying and targeting dominant T cell clones.

Methods: By using single cell paired TCR sequencing and mass
spectrometry based cytometry (CyToF), we have analyzed both
MS patients and in mice with EAE with respect to their overall
immune system and the specific T cell types.

Results: We have analyzed the TCR repertoire of brain homing,
activated CD4, CDS, and gd T cells from the blood of 18 recent
onset untreated MS patients and found significant T cell clonal
expansion which is not seen in healthy controls. Using yeast dis-
played peptide-HLA (p-HLA) library which contains ~ 5 X 108
peptide antigens, we have screened expanded CD4 TCRs from
HLA-DR*1501 homozygous MS patients and found ligands
which are not myelin. These peptides from yeast library, which
resembles peptides from pathogen can activate CD4 T cell clones
from MS patients. Similarly, in mice upon EAE induction there is
co-mobilization and oligoclonal expansion of CD4, CD8, and gd
T cells day 10 post-immunization both in blood and in the central
nervous system (CNS) as determined by single cell paired TCR
sequencing. Moreover, these expanded T cell clones are similar
and shared between mice and tissue (blood and the CNS), indicat-
ing shared specificities. Many of the expanded CD4 and CD8 T
cell clones do not respond to myelin indicating initiation of broad
antigen specificities upon EAE immunization. We have deter-
mined antigen specificities for some of these expanded CDS8
TCRs from EAE using yeast displayed mouse class I peptide-
MHC (p-MHC) library. We show that CD8 specific peptides
derived from yeast library can significantly abrogate MOG;; s
induced EAE. Moreover, CD8 T cells isolated from class I peptide
immunized mice can suppress the proliferative capacity of
MOG:;; 55 specific CD4 T cells in vitro.

Conclusion: Overall, our results suggest that there is coordinated
and focused antigen specificity of the T cell responses involving
all cell types, both in MS and in EAE. Moreover, we have
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developed a systematic approach in which one can employ single
cell paired TCR sequencing and yeast displayed p-HLA/MHC to
find disease triggers not in only MS but also in other neurological
disorders.
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Characterization of MS Brain Lesions Using Flow Cytometry
and Histochemistry

Dr. Evelyn Peelen, PhD!, Dr. Tessa Dhaeze, PhD!, Ms. Camille
Grasmuck!, Dr. Stephanie EJ Zandee, PhD!, Ms. Laurence
Tremblay!, Ms. Paula Lépine!, Mrs. Lyne Bourbonniére!, Dr.
Romain Cayrol?, Dr. Catherine Larochelle, MD PhD'? and Dr.
Alexandre Prat, MD, PhD!3

ICentre de Recherche du Centre Hospitalier de I’Université de
Montréal, Montréal, QC, Canada, °I’Université de Montréal,
Montreal, QC, Canada, 3Clinique de Sclerose en Plaques,
Centre Hospitalier de I’Université de Montréal- |’ Hopital Notre-
Dame, Montréal, QC, Canada

Background: Detailed characterization of immune cells in brain
lesions of persons living with multiple sclerosis (MS) is com-
monly performed by immunohistofluorescence (IHF). Since this
technique only allows phenotyping of immune cells with 3-4
markers, the need for other techniques to further explore the pro-
file of these infiltrating cells is high.

Objectives: To provide a method to assess both the phenotype of
infiltrating immune cells (with flow cytometry) and the type of
lesion (with histochemistry) within a single MS brain lesion.
Methods: MS brain tissue (n=1) with a short-postmortem delay is
cut into slides. Demyelinated areas (lesions) or normal appearing
tissue are cut out from grey and white matter (n=13). One third of
the lesion/tissue piece is directly frozen for lesion characterization
(pre-active, active, and chronic inactive lesions) by hematoxylin
and eosin (H&E), luxol fast blue (LFB) and oil red O staining. The
rest is processed for flow cytometric analysis. For this, each lesion
is cut separately into very fine pieces and treated with Collagenase
and DNase. Next, it is passed through a 100 uM and 70 pM mem-
brane. The suspension is then loaded onto a 37% percoll for
immune cells isolation. To further purify the cell suspension, red
blood cells are removed by positive magnetic bead isolation. The
obtained immune cells are then processed for flow cytometry.
Results: Preliminary results show that we can detect T cell sub-
sets (CD3, CD4, CD8, CCR7, CD45RO), macrophages (CD14),
dendritic cells (CD11c) and B cells subsets (CD19, CD27, CD138,
IgD, IgA) in the separate lesions by flow cytometry. Furthermore,
we could characterize their adhesion molecule profile (MCAM,
a8 integrin, ALCAM, CD6, ICAM). This information is then
combined with the data obtained from histochemistry to see in
what lesion type these cells are present. Furthermore, the high
CD4/CD8 T cells ratio typical for human peripheral blood is
inverted in most of the lesions. In addition, the fraction of cells
expressing cell adhesion molecules was overall higher in the
lesions compared to the periphery. Interestingly, this seems to be
the highest in pre-active lesions (n=2).

Conclusion: Our technique allows to characterize immune cells
found in one specific MS lesion using both flow cytometry and
histochemistry to define the type of immune cells (T, B and den-
dritic cells and macrophages) that are present within a specific
lesion type (pre-active, active, chronic inactive).
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The Transcription Factor Bhlhe40 Sustains TH17 Cell Patho-
genicity in EAE

Dr. Chih-Chung Lin, Ph.D., Ms. Melissa E Cook, B.S., Ms. Tara
R Bradstreet, B.S., Ms. Elizabeth A Schwarzkopf, M.Sc., Mr.
Nicholas N Jarjour, B.S. and Dr. Brian T Edelson, M.D., Ph.D.
Washington University School of Medicine, St. Louis, MO

Background: Cytokine-producing Ty;17 cells are implicated in
MS disease pathogenesis. We have previously shown that mice
deficient for the transcription factor Bhlhe40 are markedly resist-
ant to EAE, an animal model of MS. Bhlhe40-deficient T}, cells
produce low amounts of GM-CSF and increased amounts of IL-10.
Following EAE induction, IL-1f secreted by myeloid cells pro-
motes Bhlhe40 expression by Tj;17 cells. Here, we use a combina-
tion of new mouse strains and techniques to explore the mechanisms
whereby Bhlhe40 regulates Ty;17 cell encephalitogenicity.
Objectives: To elucidate the role of Bhlhe40 in Ty;17 cells during
EAE.

Methods: Newly generated Bhlhe40"" mice were crossed to a
variety of Cre-deleter strains to allow cell type-specific deletion of
Bhlhe40. EAE was induced by active immunization. Dual reporter
mice were generated by crossing Bhlhe40SF? mice to IL-17A fate-
mapping mice. ChIP-Seq was performed for Bhlhe40 in Ty17
cells generated in vitro.

Results: Myeloid cell expression of Bhlhe40 was not required for
EAE susceptibility. Deletion of Bhlhe40 in T cells (Cd4-Cre)
resulted in an almost complete abrogation of EAE. //17a-Cre x
Bhlhe40"1 mice developed milder EAE than controls, with
delayed onset and reduced severity. These mice largely recovered
from clinical EAE, suggesting a requirement for continued
Bhlhe40 expression in T17 cells for disease maintenance. In
IL-17A fate-mapped Ty, cells, those that expressed Bhlhe40 had a
greater proportion of cells producing GM-CSF, with many
IL-17A*TFN-y*GM-CSF~ triple-positive cells and many IL-17A-
IFN-y*"GM-CSF" ex-Ty;17 cells. Publicly available transcriptomic
data suggest that within human Ty cell subsets, Bhlhe40 is
expressed most highly in “T;1/17” cells that share Ty;1 and Tj;17
cell properties and have been associated with autoimmunity.
ChIP-Seq identified thousands of genomic loci bound by Bhlhe40
in murine Ty 17 cells, and suggested new means by which this fac-
tor could regulate pathogenicity.

Conclusion: Bhlhe40 is intrinsically required for Ty17 cells to
sustain EAE pathogenesis. Studies are underway to explore how
the direct target genes of Bhlhe40 promote encephalitogenicity.

P169

Altered Expression of Signature Genes of Human IFN-y-
Secreting TH17 Cells in Relapse-Remitting Multiple Sclerosis
Dr. Dan Hu, PhD, Mr. Minh Pham, BS, Dr. Pia Kivisakk, MD,
PhD, Ms. Emily Tjon, MS, Dr. Nathalie Pochet, PhD, Prof.
Vijay Kuchroo and Prof. Howard Weiner, MD

Brigham and Women's Hospital, Harvard Medical School,
Boston, MA

Background: Ty17 cells are implicated in the pathogenesis of
Multiple sclerosis (MS). In human autoimmune diseases, [FN-y-
secreting T;17 (T1/17) cells are found in elevated numbers in
inflamed tissues. We have previously reported a molecular
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signature of murine pathogenic Ty;17 cells that induce experimen-
tal autoimmune encephalomyelitis (EAE) in animals.
Objectives: To investigate the degree to which this molecular sig-
nature of murine pathogenic Ty17 cells is observed in human
Ty1/17 cells, and to determine whether the expression of signature
genes of Ty 1/17 cells is altered in MS.

Methods: We utilized a capture assay that separates live CD4* T
subsets from peripheral blood based on differential secretion of
IL-17 and IFN-y to sort ex vivo Ty1/17, Ty17 (IFN-yIL-177), Ty1
(IFN-y*IL-17-) and DN (IFN-yIL-17") cells from healthy donors
and untreated patients with MS. Cells isolated from healthy con-
trols were subjected to the nCounter gene expression assay and
the similarity between human and murine gene signatures of T};17
was integrated via comparative transcriptomic analysis to define a
molecule signature of Ty;1/17 cells. Expression of the deduced
signature genes in MS was assessed with gPCR assay.

Results: T;;1/17 and Ty17 cells had distinct transcriptional pro-
files. Compared to Ty;17 cells, Ty;1/17 cells displayed gene signa-
tures with marked similarity to mouse pathogenic Ty17 cells.
¢gPCR analysis confirmed enhanced expression of signature genes
IFNG, CCL5, CCL4, CLL3, GZMB, IL3, CXCR3, RGS2 and CSF?2
in Ty1/17 cells. We assessed the expression of /L/0 in addition to
these signature genes in untreated patients with relapse-remitting
MS and found that T,1/17 cells have elevated expression of
CXCR3 and reduced expression of IFNG, CCL3, CLL4, GZMB
and IL10 compared to healthy controls. In T;17 cells, GZMB and
IL10 showed reduced expression in MS. The low expression of
IL10 in CXCR3" T1/17 cells in MS suggests these pro-inflam-
matory cells may more readily migrate to CNS since CXCL10
(IP-10), a ligand for CXCR3, is increased in the inflamed CNS in
MS. Moreover, compared to clinically active patients, stable
patients have higher /L10 expression in T,;17 cells.

Conclusion: Our results identify signature genes of Ty1/17 cells
that can be used to investigate the pathogenicity and response to
treatment in T};17 cells in human autoimmune diseases.
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Role of Mir-155 in Virus-Mediated Demyelinating Disease
Dr. Laura L Dickey, PhD, Ms. Colleen Worne, B.S., Dr.
Timothy Hanley, MD, PhD, Ms. Jessica Glover, B.S., Dr. Ryan
O’Connell, PhD and Dr. Thomas E Lane, Ph.D.

University of Utah, Salt Lake City, UT

Background: MicroRNAs (miRNAs) are noncoding RNAs that
modulate cellular gene expression, primarily at the post-transcrip-
tional level. We previously reported that miR-155 mediates sus-
ceptibility to viral-induced demyelinating disease and is necessary
for optimal T-cell accumulation, migration, and effector function.
Compared to WT mice, miR-155-/- mice infected with a neuro-
tropic strain of murine hepatitis virus (JHMV) exhibited increased
mortality, as well as significantly exacerbated clinical disease
concomitant with decreased CD4* and CD8* T cell infiltration
into the CNS, decreased ability to clear virus, and impaired T-cell
effector function.

Objectives: We sought to further characterize the mechanisms
through which miR-155 affects clinical disease during viral-
induced neuroinflammation, and to determine whether the pri-
mary role of miR-155 in mediating clinical demyelinating disease
is to regulate T cell accumulation and function.
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Methods: Wild type (WT) C57 BL/6 or miR-155-/- mice were
infected with JHMV. Twenty-four hours post infection, half of the
JHM V-infected miR-155-/- mice received CD8* T cells from pre-
viously immunized WT mice. Clinical scores were assessed for 21
days. Demyelination, virus titers, and T-cell infiltration into the
CNS were assessed. In addition, CD4-Cre-miR-155-/- mice and
miR-155f1/f1 mice were infected with JHMV. Mortality and clini-
cal scores were assessed for 21 days. Brains were assessed for
immune-cell infiltration and viral titers, and spinal cords were
assessed for demyelination.

Results: JHM V-infected miR-155-/- mice that received WT CD8*
T cells demonstrated a rescued phenotype with regard to clinical
scores, viral load, and CD8" T cell infiltration to the CNS. There
were no significant differences in demyelination among groups.
JHMV-infected CD4-Cre-miR-155-/- mice developed exacer-
bated disease and decreased T-cell infiltration to the CNS com-
pared to control mice; however, the differences were not as
dramatic as those seen between JHM V-infected miR-155-/- mice
and WT mice, and there were no differences in mortality between
the groups.

Conclusion: These findings suggest that regulation of T cells is
likely the primary, but not sole, mechanism by which miR-155
mediates demyelinating disease in our model.
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CD70 Expression Defines a Subset of Pro-Inflammatory and
Pathogenic T Cells That Are Implicated in Multiple Sclerosis
Dr. Tessa Dhaeze, PhD!, Ms. Laurence Tremblay!, Dr. Evelyn
Peelen, PhD!, Dr. Stephanie EJ Zandee, PhD!, Mrs. Lyne
Bourbonniére! and Dr. Alexandre Prat, MD, PhD!.23

ICentre de Recherche du Centre Hospitalier de I'Université

de Montréal, Montréal, QC, Canada, 2CHUM-Universite de
Montreal, Montreal, QC, Canada, 3Clinique de Sclerose en
Plaques, Centre Hospitalier de I’Université de Montréal-
I’Hopital Notre-Dame, Montréal, QC, Canada

Background: CD70, a cytokine that binds CD27, is upregulated
on T cells after activation. CD70 could be associated with Tj;1 and
in Ty17 differentiation.

Objectives: In multiple sclerosis (MS), autoimmune Tyl and
Ty17 cells are able to infiltrate the central nervous system; there-
fore, our goal is to investigate if CD70 expression is important for
this T cell pathogenicity and migration.

Methods: Flow cytometry (FC) was used to characterize CD70"
T cells in peripheral blood (PB), cerebrospinal fluid (CSF) and
MS brain lesions. To identify the amount of soluble CD70 in
serum and CSF an enzyme linked immunoassay was used. To
quantify mRNA, we used RT-PCR. Immunohistochemistry (IHC)
on frozen MS brain sections was used to detect CD70 in MS
lesions.

Results: In the PB of healthy donors (HD) we confirmed that
CD?70 is present, albeit low, on ex vivo T cells. Ex vivo CD70* T
cells express higher amounts of CCR6, CD161, CD11a, CD49d
and MCAM then CD70- T cells. CD70" T cells produce signifi-
cantly higher amounts of IL17 and IFNy compared to CD70- T
cells. In addition, in vitro activation of T cells with cytokines
shows that CD70 is significantly upregulated in the presence of
TGFB1 and TGFB3. This upregulation is accompanied by an
increased amount of IFNy, IL17, GMCSF producing and MCAM

http://journals.sagepub.com/home/ms;j

expressing CD70* T cells. Furthermore, CD70 is significantly
higher expressed on Ty;1 and Ty17 cells compared to T2 cells.
When adding TGFp to these polarization conditions the propor-
tion of CD70" cells increased together with an increase in pro-
inflammatory cytokine (IFNy, IL17 and GMCSF) producing
CD70* Ty;1 and T;17 cells.

In the PB of untreated MS patients, the percentage of ex vivo
CD70* T cells is significantly higher compared to HD. In addition,
stimulation with TGFp leads to a significantly higher increase of
CD70 and a higher percentage of IFNy and IL17 producing CD70*
T cells in MS compared to HD. T;1 and T;;17 cells from untreated
MS patients show a higher expression of CD70 compared to HD.
In the CSF of untreated MS patients, the percentage of CD70" T
cells, together with the presence of soluble CD70 is significantly
higher compared to the PB. In white matter and cortical lesions of
MS brains, CD70" T cells were found.

Conclusion: CD70 expression, upregulated by TGFp, discrimi-
nates a highly active and pro-inflammatory subset of T cells. The
expression and pro-inflammatory nature of CD70 in ex vivo,
polarized or TGFf stimulated T cells is higher in MS patients
compared to HD.
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Functional Characterization of Myeloid Derived Suppressor
Cells in Multiple Sclerosis

Dr. Claudia Cantoni, Dr. Francesca Cignarella, Mr. Bryan
Bollman and Dr. Laura Piccio

Washington University in St. Louis - School of Medicine, St.
Louis, MO

Background: Myeloid-derived cells play important modulatory
and effector roles in multiple sclerosis (MS) and its animal model,
experimental autoimmune encephalomyelitis (EAE). Myeloid-
derived suppressor cells (MDSCs) are immature myeloid cells,
composed of monocytic (MO) and polymorphonuclear (PMN)
fractions, which can suppress T cell activities in EAE. The mecha-
nisms by which MDSCs are sustained during relapsing and chronic
neuroinflammation has not been well addressed. MicroRNAs
(miRNAs) are a class of small, non-coding RNAs that are impli-
cated in the pathogenesis of several diseases including MS. MiR-
223 is highly expressed in myeloid cells and acts as an important
modulator of their development and functions. MiRNAs represent
potential therapeutic targets in human diseases.

Objectives: To study MDSC immune-modulatory functions in
the context of MS.

Methods: MiR-223 qPCR analysis was performed on spinal cord
autopsied MS tissues, 8 areas of normal appearing white matter
(NAWM) and 7 active MS lesions. Whole blood samples were
collected from 40 RRMS (24 untreated, 10 glatiramer acetate and
6 dimethyl fumarate) patients and 16 healthy subjects and evalu-
ated for the MDSC markers: CD33, CD15, CD14 and HLA-DR
using flow cytometry. MDSCs were sorted to perform in vitro
T-cell suppression assays and qPCR. To assess whether human
MDSCs might traffic to the CNS in MS, sections of thoracic spi-
nal cord and lymph nodes from MS patients were analyzed by
immunohistochemistry (IHC) with an anti-CD33 antibody.
Results: MiR-223 expression was higher in active MS lesions
compared to NAWM. Significantly decreased numbers of circu-
lating MDSCs and higher MDSC expression of microRNA
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miR-223 were found in relapsing-remitting MS patients (RRMS)
versus healthy subjects. MDSCs from RRMS patients also dis-
played decreased expression of a critical mediator of MDSC sup-
pressive function, the signal transducer and activator of
transcription 3 (STAT3), compared with healthy controls. STAT3
was demonstrated to be a miR-223 target gene. MDSCs isolated
from control and MS subjects were able to inhibit autologous T
cell proliferation in vitro. IHC for CD33 revealed the presence of
MDSC:s in the spinal cord meninges, close to an active MS lesion
and in the lymph nodes.

Conclusion: These results support a critical role for miR-223 in
modulating MDSC biology in MS and suggest potential novel
therapeutic applications.
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Diet-Induced Obesity Enhances the Severity of Experimental
Autoimmune Encephalomyelitis

Ms. J. Jennifer Ahn, PhD (c)!, Ms. Linda Fei Zhao, PhD (c)', Dr.
Daniel A Winer, MD!2 and Dr. Shannon E Dunn, PhD!2
1University of Toronto, Toronto, ON, Canada, *Toronto General
Hospital Research Institute, Toronto, ON, Canada

Background: Being overweight as an adolescent is a risk factor
for the development of multiple sclerosis (MS). This effect is fur-
ther amplified if the person is also a carrier of the human leuko-
cyte antigen (HLA) MS risk allele HLA-DRB1*15:01, suggesting
that the state of obesity may promote MS by activating pathogenic
T helper cells through HLA-restricted antigen presentation.
Objectives: To investigate whether induction of an overweight
state in mice through administration of an obesogenic diet will
increase susceptibility to experimental autoimmune encephalo-
myelitis (EAE), a model of MS.

Methods: Female and male C57BL/6] mice were fed either a
high-fat diet (HFD) or normal chow diet (NCD) for 3 weeks to
induce an overweight state. EAE was induced with myelin oligo-
dendrocyte glycoprotein (MOG);s.55 in complete Freund’s adju-
vant. The frequency and cytokine production of MOG-specific T
cells were examined. In non-immunized NCD and HFD mice, the
levels of serum cytokines and adipokines were measured, and the
functionality of immune cell populations was profiled.

Results: Upon induction of EAE, HFD mice developed more
severe clinical symptoms compared to NCD controls. This corre-
lated with increased myelin destruction in the spinal cord and an
enhanced expansion and production of IFN-y and IL-17 by
MOG;;_ss-specific T cells. To determine the cellular basis of this
enhanced T helper (Th) response with HFD, we isolated spleens
and lymph nodes from non-immunized HFD and NCD mice and
examined the frequency of immune cells and the in vitro function-
ing of dendritic cells (DC), regulatory T cells (Treg), and CD4* T
cells. We observed that while DC and Treg functioned normally,
CD4" T cells from HFD mice produced higher levels of 1L-17
upon anti-CD3 and anti-CD28 stimulation. Further examination
of the naive CD4* T cell population revealed higher IFN-y pro-
duction by HFD group compared to NCD counterparts, which
correlated with higher IFN-y-induced STAT1 phosphorylation.
Serum profiling experiments showed that leptin was the only pro-
inflammatory cytokine upregulated in the circulation of HFD
mice. Studies in mice that were deficient in the leptin receptor in
the CD4" T cell compartment demonstrated that increased leptin
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signaling with HFD was the driver of the pro-inflammatory T cell
phenotype.

Conclusion: A diet-induced overweight state promotes a Thl/
Th17 pro-inflammatory state through increased leptin production.

P174

Interleukin-26, a TH17-Associated Cytokine, Enhances BBB
Integrity: Significance for MS
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Dr. Pierre Duquette, MD, FRCPC*, Dr. Nathalie Arbour! and Dr.
Alexandre Prat, MD, PhD!4

!Centre de Recherche du Centre Hospitalier de I’Université de
Montréal, Montréal, QC, Canada, *Biomed, Hasselt University,
Hasselt, Belgium, 3University of Pennsylvania, Philadelphia,

PA, “Clinique de Sclerose en Plaques, Centre Hospitalier de
[’Université de Montréal- |’ Hopital Notre-Dame, Montréal, QC,
Canada

Background: Pathogenic T helper (Ty)17 cells are importantly
involved in multiple sclerosis (MS). Cytokines expressed by these
cells, interleukin(IL)-17 and IL-22, have been shown to compro-
mise the blood-brain-barrier (BBB). Disruption of the BBB is an
important early event in MS, which allows recruitment and migra-
tion of peripheral cells into the central nervous system.
Interleukin-26, which signals through its heterodimeric receptor
IL-10R2 and IL-20R1, is another cytokine expressed by T17
cells. Therefore, it might be involved in BBB functionality and
have important implications for MS.

Objectives: To investigate the presence of IL-26 in MS patients
and to assess the effect of IL-26 on the integrity of the BBB.
Methods: Quantitative PCR and western blot were used to
detect IL-26 in Tyl, T2, Ty17 differentiated cells and IL-26
receptor (IL-26R) in human primary BBB endothelial cell
(hBEC) cultures. Immunohistochemical staining (IHC) for
IL-26/CD4 and IL-26R was performed on brain tissue from MS
patients and controls. Next, the effect of dimeric recombinant
human IL-26 (rhIL-26) on hBEC cultures was studied in vitro in
permeability and transendothelial electrical resistance assays.
The effect of IL-26 on BBB integrity was also studied in vivo, in
a mouse model for neuroinflammation, experimental autoim-
mune encephalomyelitis (EAE). Therefore, 5 days after EAE
induction, mice were daily injected with rhIL-26 or HBSS. At
different time points, IgG and fibrinogen extravasation in the
spinal cord was assessed by IHC. Moreover, clinical disease
score was determined.

Results: Our results showed that IL-26 is mainly expressed by
Ty17 differentiated cells in HC and MS patients. Moreover, we
found CD4*IL-26" cells in perivascular infiltrates in MS brain tis-
sue. Next, we showed that hBEC express the heterodimeric
IL-26R. This receptor was also found on blood vessels in MS
brain tissue. Treatment of an hBEC single cell layer with rhIL-26
showed a reduced permeability and an increased resistance.
Finally, our in vivo data in mice with EAE showed that rhIL-26
treatment, started before disease onset, reduced the extravasation
of IgG and fibrinogen into the spinal cord at peak of disease
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compared to HBSS treated mice. Moreover, there was a signifi-
cant reduction in disease severity in the rthIL-26 treated group.
Conclusion: Although IL-26 is largely an Tyl7 associated
cytokine, it promotes BBB integrity in vitro and in vivo and
reduces disease severity in EAE.

P175

Gr-1+ Leukocytes Facilitate Meningeal Localization of B
Cells Involved in Antigen Presentation during EAE

Mrs. Chelsea parker Harp, BS, Dr. Angela Archambault, PhD,
Ms. Julia Sim, BS, Dr. John Russell, PhD and Dr. Gregory Wu,
MD, PhD

washington university in st. louis, St. Louis, MO

Background: The success of B cell depletion therapy for the
treatment of multiple sclerosis (MS) raises important questions
about the participation of B cells in autoimmunity targeting the
central nervous system (CNS). We have utilized the animal
model experimental autoimmune encephalomyelitis (EAE) to
demonstrate the capacity for B cells to independently coordi-
nate inflammatory events in EAE in an MHCII-dependent man-
ner. Furthermore, we have established a new system in which B
cell expression of MHCII is temporally regulated. Mice in
which B cells are the only antigen presenting cell (APC) exhibit
rapid onset of EAE when MHCII expression is induced three
weeks following encephalitogenic CD4 T cell transfer. Rapid
onset of EAE is coincident with the formation of large B cell
clusters within the spinal cord meninges. Prior studies suggest
granulocytes are important for leukocyte recruitment to the
CNS during EAE.

Objectives: Define the mechanisms involved in B cell localiza-
tion to the meninges during EAE. Specifically, determine whether
Gr-1+ cells are required for B cell localization to the meninges
during EAE mediated by B cell antigen presentation.

Methods: We employed a new murine system of Tamoxifen-
induced MHCII expression by myelin oligodendrocyte glycopro-
tein (MOG)-specific B cells. Passive EAE was induced by transfer
of MOG-specific CD4 T cells. MHCII expression was induced
three weeks after T cell transfer. Gr-1+ cells were depleted in vivo
around the time of Tamoxifen treatment using the anti-GR-1 anti-
body, RB-6. In vivo treatment with isotype control antibody
served as a comparison.

Results: Rapid disease onset with meningeal B cell cluster forma-
tion was observed in mice treated with isotype control antibody.
Delayed disease onset and reduced meningeal B cell cluster for-
mation resulted from anti-Gr-1 antibody treatment.

Conclusion: B cell localization to the meninges during EAE is
dependent upon Gr-1+ cells, suggesting that granulocytes may
coordinate the early events required for B cell access to CNS anti-
gens during autoimmune neuro-inflammation.

P176

Activation of Human Naive T Regulatory Cells for MS Ther-
apy By Stimulation with Antigen and Interleukin-4

Mr. Christopher HY Chiu!2, Mr. Andrew D Lam!2, Dr.
Nirupama D Verma, MAppSc. PhD!2, Dr. Giang T Tran,

PhD!2, Ms. Catherine M Robinson, BSc.!2, Prof. Bruce M Hall,
MBBS, FRACP, PhD!2 and Prof. Suzanne J Hodgkinson, MBBS
FRACP PhD??
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!Ingham Institute for Applied Medical Research, Sydney,
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3Neurology - Liverpool Hospital, Sydney, Australia

Background: A highly desirable goal for treatment of MS would
be restoration of immune tolerance. A powerful mechanism of
immune tolerance are antigen-specific T regulatory cells (Treg).
Treg are a subpopulation of CD4+T cells that are
CD25+CD127loFoxp3+. Naive natural thymic Treg (tTreg)
expanded ex vivo are being trialed in autoimmunity, however the
numbers required are massive as they are required at a ratio of
>1:1 to suppress effector T cells. In murine models, we have acti-
vated naive Treg with antigen and IL-4 to induced antigen-spe-
cific Treg that express IL-5 receptor alpha, and are 10-1000 fold
more potent at suppressing MBP induced EAE than naive poly-
clonally expanded Treg.

Objectives: To extend our murine studies on antigen specific Treg
to humans, and ultimately explore antigen-specific Treg in MS.
As a first step, we activated antigen-specific human Treg by cul-
ture of tTreg with antigen and IL-4 to characterize their
phenotype.

Methods: Peripheral blood was collected from healthy donors,
Treg isolated as CD4+CD25+CD127lo cells using a Treg isola-
tion kit, and cultured with IL-4 and antigen for 3-4 days. Their
phenotypes were examined pre-and post-culture by multicolor
flow cytometry using mouse anti-human antibodies, such as
CD45RA to assess naive and activated Treg, proliferation by
CFSE assay and cytokine receptor expression by RT-PCR.
Results: Treg proliferation was enhanced in co-culture with both
autoantigen and IL-4 (25.2%) compared to autoantigen (2.49%)
or IL-4 alone (0.028%). On FACS analysis there was a marked
increase in CD45RA-Foxp3hi population (23.2% vs 8.32%).
There was also polyclonal activation of naive CD2510CD45RA+
Treg as well (51.3% vs 53.0%). RT-PCR showed induction of
IL-5Ra, the specific chain of IL-5 receptor, only in Treg cultured
with IL-4 and antigen and not on other cells. Examination of
chemokine receptor expression on PBMC showed increased
expression of CCR6 and CXCR3 in CD45RA-Foxp3hi Treg pop-
ulation compared to CD45RA+Foxp3hi Treg, consistent with this
population being activated Treg.

Conclusion: Human CD4+CD25+CD127l0Treg can be activated
in vitro to express the IL-5 receptor, mirroring results from murine
models. Increased CD45RA-/CD45RO+ population is consistent
with activation of antigen-specific Treg. This suggests culture
with IL-4 as a potential pathway for activation of naive Treg to
produce potent antigen-specific Treg for MS therapy.

P177

Hyper-Activation of STAT3 in Myeloid Cells Leads to Atypi-
cal EAE By Neutrophil Priming and Induction of Reactive
Oxygen Species

Mr. Zhaoqgi Yan, M.S., Dr. Wei Yang, Ph.D, Dr. Sara Gibson,
Ph.D, Dr. Hongwei Qin, MD, Ph.D and Dr. Etty (Tika) N
Benveniste, Ph.D.

University of Alabama at Birmingham, Birmingham, AL

Background: The JAK/STAT signaling pathway is critical for the
initiation, regulation and termination of immune responses, and
dysregulation of JAK/STAT signaling is associated with many
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pathological conditions such as Multiple Sclerosis. Myeloid line-
age—specific deletion of SOCS3, a negative regulator of STAT3,
results in a severe, non-resolving atypical form of experimental
autoimmune encephalomyelitis (EAE). LysMCre-SOCS3%1 mice
with atypical EAE exhibit ataxia and tremors and are character-
ized by lesions, inflammatory infiltrates, elevated STAT3 activa-
tion, and increased cytokine and chemokine expression in the
cerebellum. We previously demonstrated that greater numbers of
infiltrating neutrophils were found in the cerebellum of LysMCre-
SOCS3"1 mice. Depletion of neutrophils in LysMCre-SOCS3/1
mice prevents the atypical EAE phenotype, indicating their
important role in the pathology of brain-targeted phenotype.
Objectives: This project is to determine the function of neutro-
phils in brain-targeted atypical EAE.

Methods: We characterized the phenotype of SOCS3-deficient
neutrophils in vivo during atypical EAE. To neutralize reactive
oxygen species (ROS), a ROS scavenger cocktail, a combination
of reducing agents that neutralize ROS, was administered in vivo.
We also characterized the phenotype of SOCS3-deficient neutro-
phils in response to G-CSF in vitro. In addition, RNA-seq analysis
was performed to determine differential gene expression in
SOCS3-deficient neutrophils in response to G-CSF.

Results: Neutrophils from LysMCre-SOCS3%f mice show an
overtly activated phenotype at the peak of EAE disease in the cer-
ebellum with excessive production of ROS. Additionally, the fre-
quency of ROS-producing neutrophils is significantly increased in
LysMCre-SOCS3%f mice at the peak of EAE. Administration of a
ROS scavenger cocktail delayed disease onset and decreased the
incidence of atypical EAE, indicating that increased oxidative
burden from neutrophils contributes to the pathogenesis of atypi-
cal EAE. Mechanistically, SOCS3-deficient neutrophils exhibit
hypersensitivity in response to G-CSF. RNA-seq analysis reveals
a unique gene expression profile in SOCS3-deficient neutrophils
in response to G-CSF, including elevated expression of a number
of cytokine and chemokine genes.

Conclusion: Overall, this study demonstrates that SOCS3 defi-
ciency in myeloid cells leads to atypical EAE by neutrophil hyper-
activation and aberrant ROS production.

P178

Collaborative Role for Type-17 and CD8+ T Cell Immunity
in Relapsing to Secondary Progressive EAE

Ms. Prenitha M Ignatius Arokia Doss', Mrs. Asmita Pradeep
Yeola?, Prof. Hans Lassmann3, Dr. Ana C Anderson, Ph.D.# and
Dr. Manu Rangachari, Ph.D.

!Centre de Recherche du CHU de Québec (Pavillon CHUL),
Québec city, QC, Canada, *Centre de Recherche du CHU de
Québec (Pavillon CHUL), Quebec city, QC, Canada, 3Center
for Brain Research, Vienna, Austria, *Brigham & Women'’s
Hospital, Boston, MA, Université Laval, Québec, QC, Canada,
Centre de Recherche du CHU de Québec (Pavillon CHUL),
Québec, QC, Canada

Background: Multiple Sclerosis (MS) is a chronic autoimmune
disease of the central nervous system (CNS) in which T cells
recognize myelin self antigen and mediate an attack against neu-
rons. Nearly half of MS patients present a relapsing-remitting
(RR) disease course followed by chronically worsening second-
ary progressive (SP) symptoms. Both CD4* and CD8* T cells are
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important in the pathogenesis of MS. While CD4* T (Th) cells
specific for myelin antigens are present in the blood of MS
patients, CD8* cytolytic T (Tc) cells are found in great numbers
in active progressive MS lesions. These findings suggest a com-
binatorial role of CD4* and CD8* T cells in progressive pathol-
ogy. Experimental autoimmune encephalomyelitis (EAE) is an
animal disease that recapitulates the immunopathogenic aspects
of MS. Immunization of non-obese diabetic (NOD) mice with
encephalitogenic myelin-derived peptide MOG;5 551, causes a
biphasic disease course characterized by RR phase followed by
SP disease. Here, we use a T cell receptor transgenic mouse
(1C6) on the NOD background that possesses both CD4* and
CD8" T cells specific for MOG35.55and thus enabling us to elu-
cidate the role of both these T cells in CNS autoimmunity.
Objectives: We sought to determine whether CD4" and/or CD8*
T cells could induce progressive forms of EAE.

Methods: 1C6 CD4" or CD8" T cells were purified from the
spleens of 1C6 mice. These T cells were then stimulated in vitro
with agonistic anti-CD3 and anti-CD28, with defined cytokine
cocktails that lead to the differentiation into IFNy* Th1/Tcl cells,
or IL-17* Th17/Tc17 subsets for 5 days and adoptively transferred
i.v. to lymphocyte-deficient NOD.Scid recipients.

Results: 1C6 Th17 recipients developed initial EAE symptoms
much more rapidly than Thl recipients with mean day of onset
13.53d+1.183 (Th17) and 31.22d+3.857 (Thl). 1C6 Tcl7 cells
induced RR disease course which later became IL-17*IFN-g*
“double producers” in the CNS and Tc1 cells showed delayed dis-
ease that rapidly progressed upon onset. Interestingly, cotransfer
of 1C6 Th1+Tcl cells or Th17+Tc17 induced progressive lethal
EAE with a mean maximal severity of 3.7+0.1225 (Th1+Tc1) and
3.667+0.1667 (Th17+Tc17). All Th17+Tc17 recipients developed
RRSP EAE.

Conclusion: Activated 1C6 CD4" and CD8" T cells can invoke
progressive CNS autoimmunity in recipient mice. Further work is
needed to elucidate the cellular mechanisms by which 1C6 T cells
elicit damage to CNS tissue in the progressive stage.
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Induction of GM-CSF By Cigarette Smoke in T Cells: A
Potential Pathogenic Role of Smoking in Multiple Sclerosis
Mr. Mohammed Alrouji, B.Sc. M.Sc.!, Dr. Bruno Gran, MD
PhD FRCP? and Prof. Cris S Constantinescu, MD PhD FRCP!
VUniversity of Nottingham, Nottingham, United Kingdom,
2Nottingham University Hospitals NHS Trust, Nottingham,
United Kingdom

Background: Cigarette smoke is an environmental factor that is
associated with the incidence and progression of diseases charac-
terized by chronic inflammation and T cell dysfunction; including
Multiple Sclerosis (MS) and other autoimmune diseases. Over the
last 10 years, multiple epidemiological studies show a significant
association between cigarette smoking and both faster incidence,
progression, disability and mortality. Current data suggest that
granulocyte macrophage colony-stimulating factor (GM-CSF)
and IL-17 producing T cells are pathogenic cells and essential for
the development of autoimmune inflammation.

Objectives: To study the immunological effects of cigarette
smoke extract in healthy subjects and non-treated people with
MS.
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Methods: In this study, using intracellular cytokine staining (ICS)
and relative quantification Real-Time Polymerase Chain Reaction
(RT-PCR), we investigated the expression of GM-CSF, IFN-y,
IL-17, IL-21 and IL-22 by human CD4* and CD8* T cell fraction
after culture of PBMCs with anti-CD3 and anti-CD28 derived
from healthy volunteers and non-treated people with MS, in the
presence or absence of freshly prepared cigarette smoke extract
(CSE).

Results: We found that an in vitro non-toxic concentration (5%)
of CSE significantly induces the expression of GM-CSF in both
CD4" and CD8* T cells. In addition, the co-expression of IFN-y
and GM-CSF is significantly higher in CD8* T cells compared to
CD4* T cells in both healthy controls and people with MS.
However, the expression of IL-17, IL-21 and IL-22 was not sig-
nificantly induced after CSE exposure. Further investigations are
ongoing to assess the susceptibility of human T cells to cigarette
smoke exposure and immunological pathways involved.
Conclusion: These findings link cigarette smoking to GM-CSF
induction in healthy and MS individuals which will lead to new
insights/ therapeutic approaches in the pathogenesis of MS.
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MS Disease-Relevant B Cell Subsets Impact Microglia/Mac-
rophage Biology: Implication to the CNS Compartmentalized
Inflammation of MS

Ms. Hanane Touil, M.Sc.!2, Dr. Rui Li, MD, PhD!, Dr. Luke M
Healy, Ph.D?, Dr. Craig S Moore, PhD?3, Dr. Laura Piccio*, Dr.
Francesca Cignarella%, Dr. Jack P Antel, MD? and Prof. Amit
Bar-Or, MD?%5

!University of Pennsylvania, Perelman School of Medicine,
Philadelphia, PA, *McGill University, Montreal Neurological
Institute, Montreal, QC, Canada, 3Memorial University of
Newfoundland, St. John’s, NF, Canada, *Washington University
in St. Louis - School of Medicine, St. Louis, MO, ’Perelman
School for Advanced Medicine, University of Pennsylvania,
Philadelphia, PA

Background: B cells appear to contribute to MS relapses through
antibody-independent mechanisms, including induction of pro-
inflammatory T cell responses in the periphery. Compared to
healthy controls (HC), MS patients harbor higher proportions of
pro-inflammatory effector B cells (Beff) that also produce abnor-
mally elevated IL-6, TNF and GM-CSF levels, while IL-10 pro-
ducing B cells (Breg) are deficient. B cells also persist within the
inflamed MS CNS including within meningeal immune collec-
tions that are described adjacent to the subpial cortical lesions. Of
interest is whether soluble products from meningeal immune
cells (including B cells) may contribute to the subpial cortical
injury. These subpial lesions, now implicated in progressive MS,
are notable for demyelination, neuronal loss and activation of
microglia/macrophage. We have previously shown that MS
patient B-cell secreted products are toxic to oligodendrocytes and
neurons.

Objectives: Assess effects of secreted products from
MS-implicated B cell subsets on human microglia/macrophage
responses.

Methods: B cells were purified from the periphery of MS and
matching HC donors, driven into either Beff or Breg subsets and
supernatants were collected after 3-day culture. Human-derived
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microglia and macrophage were cultured with the B cell superna-
tants for 48h, then washed carefully, and their subsequent
cytokine secretion, phenotype and phagocytic function were
assessed using ELISA, flow cytometry and fluorescent micros-
copy, respectively.

Results: We first demonstrated that Beff supernatants substan-
tially enhanced human microglia and macrophage pro-inflamma-
tory (IL-12 and IL-6) cytokine responses, while down-regulating
their IL-10 production. Beff supernatants also increased human
microglia/macrophage expression of the T-cell co-stimulatory
molecule CD80, while Breg supernatants enhanced microglia/
macrophage expression of quiescence molecules including
TREM-2. Finally, we demonstrated that Beff and Breg superna-
tants could reciprocally impact the capacity of microglia/mac-
rophage to phagocyte myelin via soluble factors.

Conclusion: These results indicate that disease-relevant human
B cell subsets, previously implicated in the periphery of MS
patients, can impact the biology of both resident CNS microglia
and infiltrating myeloid cells. We postulate that this may contrib-
ute to propagation of MS CNS-compartmentalized inflammation
and subpial cortical injury associated with progressive disease
biology.

P181

Ppard Activity in T Cells Limits the Development of Th17-
Mediated Inflammation during EAE

Ms. Linda Fei Zhao, PhD (¢)!, Ms. Paulina Drohomyrecky, PhD
(c)!, Ms. Jennifer Jeeyoon Ahn, PhD (c)!, Ms. Melika Pahlevan
Sabbagh!, Ms. Mayra Cruz, BSc, PhD!, Prof. Thierry Mallevaey,
PhD! and Dr. Shannon E Dunn, PhD!2

!University of Toronto, Toronto, ON, Canada, *Toronto General
Hospital Research Institute, Toronto, ON, Canada

Background: Multiple sclerosis (MS) is thought to be initiated by
myelin-reactive T helper (Th) 1 and Th17 cells. Its prevalence has
increased over the past 50 years implicating the involvement of
changing environmental factors in disease risk. Therefore, finding
new genes that are modulated by environmental cues and at the
same time regulate the development of pathogenic T cells may
lead to finding novel therapeutic targets. The nuclear receptor per-
oxisome proliferator-activated receptor delta (PPARS) could be
such a gene, given that it senses dietary fatty acids and has anti-
inflammatory roles. We previously reported that mice with global
deficiency in PPARS (PPARS”) exhibit enhanced Thl/Th17
responses and more severe disease compared to control mice dur-
ing experimental autoimmune encephalomyelitis (EAE), suggest-
ing that PPARS could be a negative regulator of Thl/17
inflammation; however, PPARS”- mice also exhibit defects in T
cell development resulting in increased memory T cells in the
periphery, thus complicating the interpretation of these studies.
Objectives: This study was designed to tease out the role of
PPARS in the mature T cell compartment in the regulation of neu-
roinflammation. To this end, we used mice with PPARJ-deficiency
restricted to mature T cells (PPARS™TLck-Creds), thus bypassing
the T cell developmental defects.

Methods: We induced EAE in PPARSYLck-Creds and controls,
followed mice for clinical signs, and examined the development of
central nervous system (CNS) inflammation during the acute and
post-acute phase using flow cytometry and immunohistochemistry.
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We also measured cytokine production by peripheral myelin-reac-
tive T cells in pre-symptomatic mice and evaluated the ability of
naive CD4" T cells to differentiate into Th1 and Th17 cells.
Results: PPARSVLck-Creds mice developed more severe EAE
than WT mice. This was accompanied by the presence of more
IL-17-producing CD4" T cells in the CNS during the acute phase
and more CNS immune cell infiltration and demyelination at 30
days post-onset of EAE. Similarly, peripheral myelin-reactive T
cells from PPARSMLck-Creds mice showed higher IL-17 produc-
tion. We observed that naive CD4* T cells from PPARS%Lck-
Creds mice also produced more IL-17 upon stimulation and
differentiated more efficiently towards the Th17 lineage under
Th17-skewing conditions.

Conclusion: Our findings revealed that PPARS is an important
negative regulator of Th17 inflammation during EAE by selec-
tively inhibiting Th17 differentiation.
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Leptomeningeal B Cell Aggregates Associate with Subpial
Pathology in a Natural Model of Multiple Sclerosis

Ms. Megan McGeehan!, Mr. Miles Miller!, Ms. Guadalupe
Cejal!, Dr. Priscilla S Farias, DVM!, Dr. Charles Bradley, DVM!,
Dr. Melissa Sanchez, DVM!, Dr. Edward Stopa, MD?, Dr.
Charles Vite, DVM, PhD!, Prof. Amit Bar-Or, MD3# and Dr.
Jorge I Alvarez, PhD!

1University of Pennsylvania, Philadelphia, PA, >Brown
University, Providence, RI, 3Perelman School for Advanced
Medicine, University of Pennsylvania, Philadelphia, PA, *McGill
University, Montreal, QC, Canada

Background: Multiple sclerosis (MS) is an idiopathic demyeli-
nating disease in which meningeal immune cell infiltrates corre-
late with accelerated clinical disease progression. Interactions of
distinct immune cell subsets and resident stromal/endothelial cells
at sites of such chronic inflammation are therefore of considerable
interest. The study of MS meningeal immunity has been limited
due to constrained access to MS specimens, the long clinical
course of the disease and the confounding factors of experimental
models. Unlike models such as experimental autoimmune enceph-
alomyelitis, naturally occurring models offer a unique opportunity
to understand MS pathogenesis and provide a more compelling
framework for translational research.

Objectives: We propose granulomatous meningoencephalomy-
elitis (GME), an idiopathic demyelinating disease of young dogs
with a female bias, as a natural model to study neuropathological
mechanisms of MS, particularly within the leptomeningeal
compartment.

Methods: We determined the pathological changes occurring in
GME brains (n=45) by MRI imaging and histo/immunofluores-
cent analysis.

Results: We predominantly found perivascular mononuclear cell
infiltration in the cortex and white matter associated with moder-
ate demyelination. The leptomeningeal space, which represents an
important niche supporting immunological activity, displayed
areas of focal and disseminated gadolinium enhancement that cor-
related with heavy lymphocytic infiltration. These leptomeningeal
infiltrates had collections of proliferating (Ki67+) B cells, germi-
nal center B cells, plasma cells and follicular dendritic cells con-
tained in a specialized network of collagen fibers resembling
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conduit networks and associated with the expression of the lym-
phorganogenic chemokines CXCL13 and CCL21. T cells local-
ized in the periphery of these B cell clusters were characterized by
low frequencies of T regulatory cells. Although perivascular
parenchymal infiltrates contained clusters of B cells, they lack the
cellular and extracellular matrix signatures found in the menin-
geal compartment. Finally, the presence of leptomeningeal B cell
clusters correlates with increased subpial demyelination, neuronal
degeneration and axonal pathology.

Conclusion: Thus, our findings indicate that the leptomeningeal
microenvironment sustains the development of organized immune
cell aggregates during chronic neuroinflammation and suggest
GME as a novel naturally occurring model to study leptomenin-
geal B cell driven inflammation and neuropathology.
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Extracellular Galectin-3 Is Involved in B Cell Cytokine Reg-
ulation: Implications for MS
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PhD!, Dr. Stephanie EJ Zandee, PhD!, Ms. Elizabeth M
Gowing!, Ms. Camille Grasmuck!, Mrs. Lyne Bourbonniére!,
Dr. Laure Michel, MD PhD?, Dr. Amit Bar-Or, MD, FRCPC?3,
Dr. Jennifer Gommerman* and Dr. Alexandre Prat, MD, PhD!5
12Centre de Recherche du Centre Hospitalier de [’Université de
Montréal, Montréal, QC, Canada, 3University of Pennsylvania,
Philadelphia, PA, *University of Toronto, Toronto, ON, Canada,
SClinique de Sclerose en Plaques, Centre Hospitalier de
I’Université de Montréal- |’ Hopital Notre-Dame, Montréal, QC,
Canada

Background: Galectin-3 (Gal-3) belongs to the lectin protein
family and plays a role in apoptosis, activation, proliferation,
inflammation, and cell-cell adhesion. It is shown to be involved in
autoimmune diseases including multiple sclerosis (MS). The
involvement of B cells in MS has been substantiated by the effec-
tive treatment of relapsing MS by B cell depletion therapies.
However, the exact role of Gal-3 on B cell physiology remains
enigmatic, especially in relation to MS.

Objectives: To assess the presence of Gal-3 in the peripheral
blood of healthy volunteers (HV) and MS patients, and to investi-
gate the effect of extracellular Gal-3 on B cells in the context of
MS pathogenesis.

Methods: Gal-3 levels were assessed in serum from HV (n=22)
and MS patients (n=74), and in cerebrospinal fluid (CSF) from
patients with other neurological diseases (OND, n=15) and MS
(n=14), by Enzyme-Linked Immuno Sorbent Assay (ELISA).
Whole blood samples from HV (n=12) and MS patients (n=22)
were analyzed for Gal-3 expression on B cells by flow cytometry
(FC). In addition, purified B cells from HV (n=6) activated with B
cell receptor crosslinking and CD40 ligand were cultured with or
without interleukin(IL)4 or Gal-3 (1, 10, 100nM) and IL4. Gal-3
on the surface of activated B cell (FC), Gal-3 secretion (ELISA)
and B cell cytokine expression (FC) were assessed.

Results: Our data demonstrate that Gal-3 levels are increased in
serum and CSF obtained from MS patients. Furthermore, surface
Gal-3 on B cells was also up-regulated in whole blood of MS
patients, as compared to controls. Upon activation, B cells secreted
Gal-3, and Gal-3 was up-regulated on their surface. When activat-
ing B cells in the presence of IL4, more cells expressed Gal-3 on
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their surface. Activated B cells with Gal-3 on their surface had a
higher production of pro-inflammatory cytokines (GMCSF, IFNy)
compared to Gal-3 negative B cells. However, treatment of B cells
with 100nM Gal-3 reduced the IL6, TNFa and IFNy producing B
cell fraction.

Conclusion: Gal-3 is increased in serum, CSF and on B cells of
persons living with MS. IL4 not only led to the generation of
effector B cells but also to an up-regulation of Gal-3 on their sur-
face. These data support the concept that extracellular Gal-3 is a
marker for inflammation. As in vitro treatment with Gal-3 resulted
in an overall downregulation of proinflammatory cytokines by B
cells, it also supports the concept that Gal-3 expression by B cells
might be a regulatory mechanism to dampen inflammation.
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NiIrx1 Prevents the Development of Spontaneous Experimen-
tal Autoimmune Encephalomyelitis in Mice

Ms. Marjan Gharagozloo, Ms. Camille Simard, Mr. Kenzo
Yamamoto, Ms. Shaimaa Mahmoud, Ms. Katya Gris, Ms. July-
Ann El Baze, Ms. Katy Celina Sandoval and Dr. Denis Gris
University of Sherbrooke, Sherbrooke, QC, Canada

Background: Multiple sclerosis (MS) is an autoimmune disease
of the central nervous system (CNS) associated with inflamma-
tion, demyelination, and neuronal damage. The current MS thera-
peutic agents are directed towards inhibition of T and B cell
function. We, on the other hand, demonstrate endogenous mole-
cules that inhibit innate immune response can be the potential
therapeutic targets for MS. Nlrx1 is an inhibitory NOD-like recep-
tor (NLR) that suppress intracellular inflammatory pathways.
Nlirx1 inhibits the progression of experimental autoimmune
encephalomyelitis (EAE), a mouse model of MS. We hypothe-
sized that Nlrx1 prevents the development of MS. We created a
new mouse model of MS by crossing Nlrx1-- mice to 2D2 mice
that have high numbers of myelin-specific T cells. The resulting
progeny develops EAE spontaneously (spEAE).

Objectives: We monitored the development of spEAE and char-
acterized the CNS inflammation in Nlrx1-- 2D2 mice.

Methods: The activation of macrophages and T cells were evalu-
ated using flow cytometry. We quantified the expression of myelin
basic protein using immunofluorescence. The activation of astro-
cytes and microglia were quantified using immunofluorescent
staining of Ibal and GFAP. We measured the inflammatory medi-
ators in the CNS by ELISA. To study whether lack of Nlrx1 in
innate immune cells potentiates the CNS inflammation, we trans-
ferred activated myelin-specific T cells into T- and B-cell defi-
cient RAG™- or NIrx17-RAG~ mice.

Results: Nlrx17- 2D2 mice developed spEAE at 7-17 weeks of
age. The disease manifested in 62% of Nlrx1”- 2D2 mice with
complete paralysis of the hind limbs. We observed demyelination
and massive infiltration of leukocytes including myelin-specific
VB11* T cells in the spinal cord of spEAE mice. Moreover, the
increased expression of Ibal and GFAP as well as inflammatory
mediators including TNFa, IL-13, CCRS, IFNg and IL-9 were
observed in the spinal cord of spEAE mice. Following the adop-
tive transfer of T cells, NIrx1”- RAG”- mice developed paralysis
while none of the RAG”- mice became paralyzed. The spinal cords
from Nlrx1/- RAG”- mice showed demyelination and increased
expression of Ibal and GFAP compared to RAG"- mice.
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Conclusion: This study demonstrates that Nlrx1 inhibits the CNS
inflammation and prevents the development of EAE. Our findings
suggest that NIrx1 acts at the level of innate immune response and
can be considered as a potential therapeutic target to suppress
early phases of inflammation within the CNS.
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sis Patients

Mr. Andrew D Lam!2, Mr. Christopher HY Chiu!2, Dr.
Nirupama D Verma, MAppSc. PhD'!2, Ms. Catherine M
Robinson, BSc.!2, Dr. Giang T Tran, PhD!2, Prof. Bruce M Hall,
MBBS, FRACP, PhD!? and Prof. Suzanne J Hodgkinson, MBBS
FRACP PhD!?3

1University of New South Wales, Sydney, Australia, *Ingham
Institute for Applied Medical Research, Sydney, Australia,
3Neurology - Liverpool Hospital, Sydney, Australia

Background: T-regulatory cells (Treg) are thought to be pro-
tective in autoimmune diseases such as MS and are described
as CD4+CD25+CD1271oFOXP3+T cells, yet it is a heteroge-
nous population. Naive Treg express CD45RA and have low
expression of FOXP3 and CD25, whereas activated Treg have
low expression of CD45RA. Activated Treg have increased
CD25 and FOXP3. It is now known that activated Treg can be
induced to mimic effector cells of the Th1, Th2, Th17 subtypes
and these cells respectively express the relevant chemokine
receptor (CXCR3, CCRS8, CCR6) to promote their migration to
sites of inflammation. We have shown in a rat model that unlike
naive Treg which supress at 1:1 ratios with effector T-cells, in
vitro generated Thl-like Treg suppress at 1:100 in vivo and
1:1000 in vitro.

Objectives: To compare the frequency of three
CD4+CD25+CD12710FOXP3+ Treg phenotypes, respectively
CD45RA+, CD45RAlo FoxP3lo, and CD45RAlo FoxP3hi in
healthy humans and MS patients. Our future studies will examine
the effect of currently approved MS therapies on Treg on these
three populations.

Methods: Blood from MS patients (n=31) and healthy donors
(n=9) was compared. Peripheral blood mononuclear cells (PBMC)
were isolated using standard Ficoll method and stained with a
panel of Treg markers. The CD4+and Treg populations were ana-
lysed for CD45RA and Foxp3 expression. Chemokine receptor
expression specific to Thl-like Treg (CXCR3), Th2-like Treg
(CCR8), Th17-like Treg (CCR6) and naive tTreg (CCR7) was
examined.

Results: Analysis of CD45RA and FoxP3 expression within
CD4+T-cells and Treg identified three populations: CD45RA+
Foxp3lo, CD45RAloFoxp3lo and a third CD45RAloFoxp3hi
population of activated Treg. The CD45R AloFoxp3hi population
was significantly increased in MS patients when gated on either
CD4+T-cells (p=0.002) or Treg (CD4+CD25+CD127lo)
(p=0.009). CCR6+Treg, but not CXCR3+ or CCR7+Treg, were
lower within the CD45RA-Foxp3hi population in MS patients
compared to healthy controls (p=0.056). This population is
believed to contain activated antigen-specific Treg. These results
suggest reduced numbers of Th17-like Treg that suppress Th17
responses. There was a relative increase in CD45RA+FoxP3lo
cells in MS (p=0.058).
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Conclusion: These findings suggest an increase in the proportion
of activated Treg in MS. There was a lower relative proportion of
CCR6+Treg, which suggests a relative deficiency of Thl7-like
Treg in MS.
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Oligodendrocyte Death in Culture Is Induced By Exosome-
Enriched Fractions from Secretory Products of B Cells from
Patients with Multiple Sclerosis

Prof. Robert P Lisak, MD!, Ms. Liljana Nedelkoska, BSc'!, Ms.
Hanane Touil, MSc?, Prof. Paul M Stemmer, PhD3, Mr. Nicholas
Carruthers, MSc3, Prof. Amit Bar-Or, MD#* and Prof. Joyce A
Benjamins, PhD!

!'Wayne State University School of Medicine, Detroit, MI,
2University of Pennsylvania, Perelman School of Medicine,
Philadelphia, PA, Wayne State University, Detroit, MI,
4Perelman School for Advanced Medicine, University of
Pennsylvania, Philadelphia, PA

Background: B cells are important in the pathogenesis of multi-
ple sclerosis (MS), including B cell functions unrelated to produc-
tion of immunoglobulins (Ig). Supernatants (Sup) obtained from
cultures of blood B cells from MS patients were cytotoxic to rat
oligodendrocytes (OL) in vitro; those from normal controls (NC)
produced little to no toxicity (Lisak et al. 2012). We recently con-
firmed this effect on rat OL and on rat and human neurons (Neu).
Killing was independent of complement, did not correlate with
Sup levels of IgG, IgM or any single or combination of a large
number of cytokines and other proteins. Death of OL and Neu
involved apoptosis and was caused by one or more factors with a
molecular weight greater than 300 kDa (Lisak et al. 2017).
Objectives: To further characterize the toxic factors for OL within
the B cell Sup by investigating the effects of extracellular vesicles
isolated from Sup of relapsing remitting MS (RRMS) patients
compared to NC.

Methods: Sup were obtained from cultures of blood B cells of
RRMS and NC, diluted 1:4 with OL culture medium and screened
for toxic effects on OL as measured by trypan blue uptake. We
obtained exosome (Ex) enriched (Ex-En) preparations from these
screened Sup by two methods, either an Ex isolation kit or ultra-
centrifugation. OL were incubated with Ex-En preparations
obtained with the kit from 4 MS and 4 NC Sup containing fetal
calf serum, and OL death determined. Sup and Ex-En prepared by
UC from serum free B cell cultures from 2 MS and 2 NC were
tested for OL cytotoxicity. Proteomic analysis was performed on
serum free B cell Sup.

Results: Incubation of OL with Sup, either with serum or serum
free, from MS patients induced OL cell death; those from NC
were not toxic. Ex-En preparations from MS Sup from both serum
containing and serum free Sup induced OL death whereas prepa-
rations from NC did not. Cell debris was not toxic. Preliminary
proteomic analysis of serum free Sup demonstrated the presence
of proteins characteristic of Ex from B cells.

Conclusion: Much of the in vitro toxicity of Sup from B cells of
patients with RRMS appears to be present in Ex-En fractions pre-
pared by two different methods. Preliminary proteomic analysis
of serum free Sup derived from B cells reveals proteins known to
be present in Ex from B cells. Studies are currently underway to
determine which components of Ex-En mediate the killing of OL.
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Regulation of Myeloid Cells Function By Nanoparticles in
EAE

Dr. Igal Ifergan, MSc, PhD, Dr. Dan Xu, PhD and Prof. Stephen
D Miller,

Northwestern University, Chicago, IL

Background: Antigen-presenting cells (APCs) make up a signifi-
cant proportion of the cells found within lesions of multiple scle-
rosis (MS) and its animal model, experimental autoimmune
encephalomyelitis (EAE). These APCs have the ability to capture
myelin debris and promote either an inflammatory or a tolero-
genic response from effector lymphocytes. In MS patients and
EAE animals, APCs typically induce an inflammatory response.
Objectives: The Miller laboratory have developed a novel car-
boxylated poly(lactic-co-glycolic) acid (PLGA) nanoparticle-
based therapy that selectively targets myeloid cells, mitigating
their inflammatory impact. Our goal was to understand by which
mechanism these PLGA particles modulate the immune response
in EAE.

Methods: Using fluorescent labeled PLGA particles, we were
able to detect the location of the particles, the cells that uptake
them, and evaluate the time frame of this process. Injection at
onset and peak of EAE disease was used to observe the effects and
mechanisms by which the particles were acting.

Results: We found that all CD11b* myeloid cells have the ability
to take up PLGA particles, as early as 30 minutes following i.v.
injection. Interestingly, microglia are unable to engulf particles in
vitro. Moreover, immunofluorescence analysis shows that parti-
cles accumulate in the spleen 3h post-injection, but are largely
undetectable after 24h. In EAE, we observe that PLGA particle
injections delay the onset of the disease and more importantly
attenuate active disease. We observe a reduction in immune cell
infiltration into the CNS of PLGA particle-treated mice, most
notably of myeloid cells and CD4* T lymphocytes. Moreover, we
notice that PLGA-associated cells undergo sequestration into the
spleen and increase their expression of caspase-3, pointing to an
upregulation of apoptosis. In addition, MHC II, CD86 and PD-L1
expression are increased on myeloid cells within the spleen of
these mice. CD4* T cells analysis shows an upregulation of IL-10,
TGF-beta and CTLA-4 expression in animals injected with PLGA
particles.

Conclusion: Collectively our data demonstrate that PLGA parti-
cles are captured by APCs, which subsequently induces their
death in the spleen and/or a change in their phenotype, creating an
environment in which APCs are able to skew the T cell response
to induce a more pronounce anti-inflammatory response.
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Multiple Sclerosis Patients Have a Increased Cellular
Response to Autoantigens Which Cross-React with Proteins
from Epstein-Barr Virus

Dr. John W Lindsey, MD

University of Texas HSC Houston, Houston, TX

Background: Epstein-Barr virus (EBV) is associated with multiple
sclerosis (MS), but the role that EBV plays in MS is not clear. Our
hypothesis is that the robust immune response to persistent EBV
infection causes MS through molecular mimicry or cross-reactivity.
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We previously demonstrated an increased antibody response to 3
EBYV antigens in MS. We demonstrated that antibodies specific for
these EBV proteins also bind to the cytoskeletal protein septin-9,
the mitochondrial protein DLST, or the nuclear protein HNRNPL.
The antibody response to septin-9 or DLST is increased in a subset
of MS patients.

Objectives: To determine whether MS patients have an increased
cellular response to the autoantigens septin-9, DLST, or HNRNPL.
Methods: We produced recombinant human proteins in E. coli
and purified the hexahistidine-tagged proteins with nickel affinity
chromatography. We obtained peripheral blood mononuclear cells
(PBMC) from MS patients and controls. We stimulated PBMC
with 10 micrograms/ml antigen, added radioactive thymidine on
day 4, and harvested and counted the cells on day 5. Each experi-
ment included controls to correct for possible residual bacterial
contamination of the recombinant proteins.

Results: We tested the cellular response in 15 MS patients and 5
controls. Six MS had a proliferative response to septin-9, two to
HNRNPL, and one to DLST. The maximum stimulation index for
septin-9 was 4.8. No patient responded to more than one antigen.
None of the controls had a proliferative response to any of the
three antigens.

Conclusion: A subset of MS patients has a T cell proliferative
response to the autoantigen septin-9. Further investigation with
larger numbers of patients and controls is needed, along with
determination of the cytokine profile and phenotype (CD4 vs.
CD8) of the responding cells. This work suggests a unique mecha-
nism for autoimmunity, whereby B cells producing an anti-EBV
immunoglobulin which cross-reacts with a self antigen stimulate
an autoreactive T cell response. If further work supports the path-
ogenic potential of the septin-9 reactive T cells, then induction of
tolerance to this antigen would be an attractive approach to an
effective, antigen-specific treatment with minimal toxicity.
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Serum Brain Derived Neurotrophic Factor Levels in Multiple
Sclerosis and Neuro- Behcet’s Disease

Prof. Ceyla Irkec, Dr. Tuba Kuz, Dr. Taylan Altiparmak and
Prof. ISIL Fidan

Gazi University Medical Faculty, Ankara, Turkey

Background: Brain derived neurotrophic factor (BDNF) is
involved in neuronal and glial development and survival. Neurons
and astrocytes are its main cellular sources in the central nervous
system (CNS). BDNF is also expressed in immune cells and in
lesions of multiple sclerosis (MS). Over the last few years, evi-
dence from MS and experimental models of neuroinflammation
has suggested that autoimmune responses could exert neuropro-
tective effects through the release of neurotrophins by autoreac-
tive T cells.

Objectives: Specifically, the role of BDNF in facilitating brain
tissue repair in neuroinflammation has been well recognized.
Regulation of BDNF activity may have important implications in
the control of various autoimmune or inflammatory conditions.
MS and Neuro- Behget’s Disease (NBD) that have some clinical
similarities and are important immune mediated diseases of CNS.
The pathogenesis of these diseases remains unclear, with con-
cerning the role of cytokines, chemokines, epigenetic regulators,
neurotrophins, inflammasomes, semaphorine like inflammatory
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molecules and other peptide structures that control the balance of
inflammation.

Methods: To clarify the role of BDNF in MS and NBD, we inves-
tigated their levels in the sera of patients by enzyme linked immu-
nosorbent assay (ELISA) method.

Results: In present study, we detected low levels of BDNF in sera
of patients with MS in relapses than remission, inactive phase of
NBD and control groups.

Conclusion: Our results suggested that BDNF may play a role in
the pathogenesis of MS and NBD especially at recovery stage
after inflammation. BDNF should be studied in greater detail on
the basis that reducing inflammation with in the CNS.
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Conventional Dendritic Cells Are Critical for the Initiation of
Experimental Autoimmune Encephalomyelitis

Mr. David A Giles, B.S., Mr. Patrick C Duncker, B.S., Ms.
Nicole M Wilkinson, Mr. Jesse M Washnock-Schmid, B.A. and
Dr. Benjamin M Segal, M.D.

University of Michigan, Ann Arbor, M1

Background: Multiple sclerosis (MS) is a neuroinflammatory
disorder characterized by infiltration of CD4" T cells into the
central nervous system (CNS). Within the CNS, the T cells
become re-activated by interaction with an MHC-II* antigen
presenting cell (APC) and promote a pathologic inflammatory
response.

Objectives: The aim of this study is to investigate the role of
MHC-II* APC subsets in CNS autoimmunity using the animal
model experimental autoimmune encephalomyelitis (EAE).
Methods: EAE was induced by adoptive transfer of myelin-primed
CD4* T cells or by active immunization with myelin peptide. Cells
were analyzed by flow cytometry and immunofluorescence. APC
were sorted by FACS and co-cultured with myelin-specific T cells
to assess antigen presentation. Dendritic cells were depleted by
diphtheria toxin (DT) in mice with DC-specific expression of the
DT receptor.

Results: At the peak of clinical disability in EAE, MHC-II is
expressed by microglia, B cells, monocyte-derived dendritic cells
(moDC), and conventional dendritic cells (¢cDC). moDC are
thought to be the dominant APC in settings of inflammation such
as EAE; however, the role of ¢cDC is unclear. To assess the antigen
presentation capacity of these subsets, we sorted cells from the
CNS and spleen at the peak of EAE and co-cultured them with
naive T cells from 2D2 transgenic mice, which have a T cell
receptor specific for myelin antigen. Contrary to expectation, B
cells and cDC, but not moDC, displayed the capacity to activate
myelin-specific T cells ex vivo.

We next investigated whether these subsets are present in the
naive CNS and may initiate the neuroinflammatory response. We
identified MHC-II* ¢cDC and B cells, but few activated microglia
or moDC, in the naive CNS. The ¢cDC and B cells were particu-
larly enriched in the meninges, and MHC-II* cells were identified
adjacent to the meningeal vasculature by immunofluorescence.

B cell-deficient mice are susceptible to EAE, so we hypothesized
that conventional dendritic cells are critical for disease initiation.
To deplete conventional dendritic cells, we administered DT to
mice with DC-specific expression of the DT receptor. DC deple-
tion significantly reduced the incidence of disease, demonstrating
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a critical role for the dendritic cell population in initiation of adop-
tive transfer EAE.

Conclusion: Conventional dendritic cells are present in the
meninges in the naive CNS and are critical for the initiation of
adoptive transfer EAE.
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Gene Therapy: An In Vivo Approach to Induce Immune Tol-
erance, Inhibit Neuro-Inflammation and Disease, Regardless
of Genetic Background

Dr. Geoffrey D Keeler, PhD, Dr. Alexandra Sherman, DVM,
Ms. Emily L Silverberg, Dr. Isabelle Cote, PhD, Ms. Cristina D
Gaddie, M.Ed and Dr. Brad E Hoffman, PhD

University of Florida, Gainesville, FL

Background: Multiple sclerosis (MS) is a complex autoimmune
disease. Although the exact etiology is unknown, the disease is
thought to result from peripheral activation of myelin-reactive
CD4* effector T cells that have escaped immune-regulatory mech-
anisms. Active suppression by regulatory T cells (Tregs) plays a
key role in the control of self-antigen-reactive T cells and the
induction of peripheral tolerance in vivo. Unfortunately, reduction
in the frequency or suppressive function of peripheral
CD4+*CD25"FOXP3* Tregs have been observed in various auto-
immune diseases, including MS. An attractive therapeutic strat-
egy for restoring self-tolerance and controlling disease is to
selectively induce antigen-specific Tregs. Recently, we developed
an efficient in vivo approach of inducing immune tolerance
through ectopic expression of myelin oligodendrocyte glycopro-
tein (MOG) in the liver. Using an AAV vector containing the full
DNA coding sequence for MOG, we demonstrate that hepatic
gene therapy can prevent and reverse preexisting MOG;s ss
induced EAE (Keeler: et.al MolTher 2017).

Objectives: The objective of this study was to demonstrate that
AAV gene immunotherapy has the ability to prevent disease
regardless of the genetic background of the animal or the epitope
used to induce the disease.

Methods: Mice were given AAV.MOG or Null vector. Two weeks
later EAE was induced in mice with different genetic backgrounds
(C57BL/6 {H2b} and DBA/1 {H29}) using combinations of
strain-specific immunogenic epitopes of MOG (C57BL/6:
MOG, 9.13, MOG;555 & MOG; 9,3, and full-length protein
MOG,_;,5; DBA/1: MOG4 o) emulsified adjuvant. Animals were
monitored for clinical signs of EAE and scored accordingly.
Results: Following EAE induction, Null mice began developing
clinical signs of severe ascending paralysis, while AAV.MOG
treated mice remained virtually symptom free (mean peak scores
for Null vs AAV.MOG as mean+SEM for each epitope combina-
tion) [C57BL/6: 3.3+£0.8 vs 0+0; 3.7+0.2 vs 0.25+0.3, and DBA/1:
3.5+£0.4 vs 0+0]. Null mice also had substantial inflammation
compared to AAV.MOG mice.

Conclusion: In contrast to approaches using ex vivo engineering
or expansion of Ag-specific Tregs, we have demonstrated that
AAV8.MOG gene therapy can dynamically induce immune toler-
ance in vivo to multiple immunogenic epitopes of MOG which
inhibits neuroinflammation and disease, regardless of genetic
background. Eliminating the need to identify HLA/MHC specific
epitopes, makes this approach universally applicable as an effec-
tive therapy.
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A Cohort Study of the Use of Plasma Exchange in Acute
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Background: Plasma exchange (PLEX) can improve recovery
of acute central nervous system (CNS) demyelinating events
related to multiple sclerosis (MS), neuromyelitis optica spec-
trum disorder (NMOSD), transverse myelitis (TM) and acute
disseminated encephalomyelitis (ADEM) if recovery with pulse
steroids (PS) is incomplete. Although there is a single rand-
omized controlled trial in adults, there are limited case series in
pediatric patients.

Objectives: We aim to describe the effectiveness and safety of
PLEX in pediatric patients with acute events of MS, NMOSD,
TM and ADEM with limited improvement after PS.

Methods: This is a retrospective cohort study of pediatric patients
with acute CNS demyelinating events seen at a single tertiary
referral center who received PLEX as a second- or third-line ther-
apy between 2006 and 2017. Through chart review, presence of
clinical improvement by physician assessment was noted pre- and
post-PS and pre- and post-PLEX. Expanded Disability Status
Scale (EDSS) scores were noted pre- and post-PLEX. Clinical
improvement and EDSS scores were collected from chart review
using clinical notes before and after each treatment.

Results: 23 patients followed at the Pediatric MS Center at the
University of California, San Francisco received PLEX for acute
events of MS (n=15), NMOSD (n=6), TM (n=1), and ADEM
(n=1). At time of PLEX initiation, median age was 14 years (range
3-17; n=23); median time between the acute event and PLEX ini-
tiation was 19 days (range 3-90; n=15); median number of ses-
sions of PLEX per patient was 5 (range 3-7; n=22). 9 of 19 patients
had no clinical improvement after PS, while 10 improved. Of
those with no improvement after PS (n=9), 8 improved after
PLEX, 1 of which started PLEX while already on PS. Of those
who improved after PS (n=10), 8 had additional improvement
after PLEX, 1 of which started PLEX while already on PS. Of the
4 patients with no available physician assessment after PS, all
improved after PLEX. 12 of 23 patients had pre- and post-PLEX
EDSS scores available. Median pre-PLEX EDSS score was 4.25
(range 3-7.5; n=12), and median post-PLEX EDSS score was 3.75
(range 3-7.5; n=12). 4 patients had improved EDSS scores by 1 or
more points. Side effects during PLEX included hypotension
(n=2), nausea (n=2), thrombocytopenia (n=1), and gastrointesti-
nal discomfort (n=1).

Conclusion: PLEX is an overall well-tolerated second-line treat-
ment option for pediatric patients with acute CNS demyelinating
events with limited response to PS.
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Hypothesis: Early Neutralization of the Meningeal Tertiary
Lymphoid Organs By CXCL13 Blockage Could Prevent Pro-
gression of Multiple Sclerosis
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Background: multiple sclerosis (MS) is an autoimmune disease
with a progressive course. Disease modifying therapy has accom-
plished a reduction in the traffic of pro-inflammatory cells through
the blood brain barrier and modulation within the central nervous
system but has not prevented disease progression.

Objectives: intrathecal activity of the immune system in MS
seems to be dependent on the meningeal tertiary lymphoid organs
(mTLO). We hypothesize a possible therapeutic route that could
prevent disease progression based on the role of homeostatic
B-cell attracting chemokine CXCL13.

Methods: PubMed review (2001-2017) entering keywords mean-
ing TLO, lymphogenesis, CXCL13, MS.

Results: 1) the TLO originates de novo in non-lymphoid tissue by
lymphoid neogenesis becoming the determinant key in the patho-
genesis of autoimmune diseases; 2) infection and/or immunization
trigger the formation of transient germinal centers (GC) which
resolve after antigen clearance; 3) the GC are localized within the
follicles of the lymph nodes and other secondary lymphoid organs
(SLO) and do have prominent lymphocytic mitosis; 4) the second-
ary GC are critical in the development of B-cell immune response
providing necessary infrastructure for the capture and storage of
antigens which drive-in cell division and maturation, B-cell selec-
tion with high affinity for immunoglobulin receptors and differen-
tiation of B-cells and plasma cells; 5) ectopic GC perpetuate
autoimmune disease by maintaining antibody diversity, isotype
switching, B-cell differentiation, oligoclonal expansion and pro-
duction of auto-reactive plasma cells at the local site of inflamma-
tion; 6) the chemokines CXCL13 and CXCL12 play a key role in
the process of lymphoid organogenesis which is shared by SLO and
TLO; 7) CXCL13 is produced within the SLO in dendritic follicular
cells and macrophages; 8) when the mTLO are established in the
time span of MS is still unknown; 9) high levels of CXCL13 are
present in the CSF of patients with the clinically isolated syndrome
who convert to clinically definitive MS within two years; 10) com-
plementary intrathecal therapy could be necessary for the deactiva-
tion of the mTLO to arrest disease progression; 11) a novel
therapeutic monoclonal antibody targeting CXCL13 has shown
therapeutic effect in the Th17-mediated murine model of MS.
Conclusion: complementary early treatment of MS, using
CXCL13 blockage, could neutralize the formation of the mTLO
reducing risk of disease progression.

Pathogenesis - Neurodegeneration
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Selective Deletion of AMPA Receptors on Oligodendrocytes
Prevents Demyelination and Axonal Injury in Autoimmune
Demyelination
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Background: Although current treatments for multiple sclerosis
(MS) reduce disease symptoms and relapses by modulating the
immune system, CNS inflammation and disease progression per-
sist. This emphasizes the need for neuroprotective therapies in
MS. One promising pathological mechanism to target is excito-
toxicity, as neurons and oligodendrocytes (OLs) are vulnerable to
damage via excess glutamate, and MS patients have elevated lev-
els of glutamate in the brain as measured by MRI. We previously
demonstrated that glutamate release from the system x trans-
porter is an important mechanism in demyelination during experi-
mental autoimmune encephalomyelitis (EAE) in mice. However,
how glutamate specifically affects OLs during EAE, and whether
protecting myelin prevents neurodegeneration, is unclear.
Objectives: The aim of this study is to determine whether dele-
tion of the target for excitotoxic glutamate selectively in OLs, the
AMPA receptor (AMPAR), prevents myelin and axonal damage in
EAE.

Methods: The GluA4 AMPAR subunit was selectively deleted
from OLs in mice as a result of Cre expression under one of two
OL-specific promoters: Olig2 or Plpl. Deletion was confirmed
with immunohistochemistry, and functional reduction of
AMPARs was determined using Ca;>* imaging of ex vivo optic
nerves. Mice were subjected to MOG;; ss-induced EAE. To rule
out potential effects on the immune system as a result of GluA4
deletion in OLs, CD4" T cell numbers and phenotypes in spinal
cords, and proliferation in spleens, were analyzed with FACS
analysis at peak of disease. Extent of demyelination, axonal
damage, and reactive gliosis was determined by immunohisto-
chemistry 30 days post-EAE induction using 3D confocal
imaging.

Results: Deletion of GluA4 in OLs resulted in reduced Ca;?" after
treatment with glutamate, indicating a functional reduction in
AMPAR activity. Mice subjected to EAE and deficient in GluA4
selectively on OLs had improved clinical scores and reduced mye-
lin damage in spinal cords. Furthermore, axonal damage in condi-
tional knockout mice was abrogated. No alterations in numbers or
phenotypes of CNS-infiltrating CD4* T cells or proliferation in
spleens was observed.

Conclusion: These data support that conditional deletion of the
target for excitotoxic glutamate on myelin confers CNS protection
that is independent of modulating the immune system. This sug-
gests the importance of maintaining myelin integrity to promote
axonal health and prevent neurodegeneration in MS.
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Autoimmunity to the RNA Binding Protein hnRNP A1 Con-
tributes to Neurodegeneration in MS

Ms. Hannah E Salapa, B.S., Dr. Nikki A McLean, B.S., PhD and
Dr. Michael C Levin, M.D.

University of Saskatchewan, Saskatoon, SK, Canada

Background: Heterogeneous nuclear ribonuclear protein Al
(‘A1’) is an RNA binding protein (RBP) that has been shown to
play major roles in neurological disorders, such as amyotrophic
lateral sclerosis. Pathologic features of neurodegeneration in these
disorders include the formation of pathogenic stress granules
(SGs) and mislocalization of Al from the nucleus to the cyto-
plasm in neurons. MS patients, in contrast to healthy controls,
make antibodies to “‘M9’, A1’s nuclear localization sequence.
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Objectives: We hypothesized that the in vitro application of
cytokines and A1-M9 antibodies would induce SG formation and
A1 mislocalization in neurons. We further hypothesized that in an
in vivo model of MS, A1-M9 antibodies might exhibit pathogenic
features in neurons similar to those observed in other neurologic
conditions.

Methods: SKNSH cells were treated for 72 hours with Tyl or
T,17 associated cytokines or A1-M9 antibodies, which recognize
the identical immunodominant epitope of Al as MS patients.
Cells were immunostained for A1 and SGs. Experimental autoim-
mune encephalomyelitis (EAE) was induced in female C57BL/6J
mice via immunization with MOG;,_ss. At the first sign of disease,
mice were injected with either PBS, I1gG2b isotype control or
A1-M9 antibodies.

Results: Cells exposed to Ty;1 or T;17 cytokines and A1-M9 anti-
bodies showed increased formation of cytoplasmic SGs and a
redistribution of Al from nucleus to cytoplasm compared to iso-
type control antibodies and untouched controls (p<0.005).
Furthermore, cells treated with A1-M9 antibodies showed signifi-
cantly more SGs than those treated with cytokines alone (p<0.005).
In EAE, animals treated with the A1-M9 antibodies were sicker
and exhibited a spastic rather than flaccid phenotype, which was
observed in controls (p<0.05). Significantly, mice injected with
A1-M9 antibodies showed mislocalization of Al protein from the
nucleus to the cytoplasm in spinal cord ventral horn neurons com-
pared to either PBS or IgG2b isotype control mice.

Conclusion: These data indicate that cytokines and A1-M9 anti-
bodies contribute to neuronal cell damage via SG formation and
Al redistribution, phenomena not previously reported in MS and
which may play a role in neurodegeneration in MS.
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Thalamic MRI and Histopathologic Correlations in
Advanced Multiple Sclerosis
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Background: Thalamic atrophy occurs early in MS and is associ-
ated with cognitive impairment and fatigue. We sought to deter-
mine characteristics of extra-thalamic injury that may lead to
thalamic atrophy.

Objectives: To examine MRI characteristics predictive of tha-
lamic atrophy and investigate pathological correlates.

Methods: We used a rapid autopsy program with in situ post-
mortem MRI followed by brain fixation. Thalami were excised
from fixed coronal slices and 30um free floating sections were
stained for myelin, neurons, activated microglia, and axons/den-
drites. We acquired T1 MPRAGE, T2, and FLAIR. A semi-auto-
mated technique was to calculate volumes: T1 and T2 lesion
(T1LV, T2LV), brain parenchymal fraction (BPF), total grey mat-
ter fraction (GMF), and thalamic (TV). Thalamic pathology was
recorded for subjects with the most and least TV loss by MRI. In
a separate in vivo cohort, we evaluated the relationship between
volumes of thalamic nuclei and other deep grey matter structures
to cortical grey matter volume, BPF, and TILV/T2LV.

Results: Ninety-five subjects with MS had MRI and tissue avail-
able and 25 (26%) had grossly apparent thalamic lesions. Mean
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TV was 13.5 mL + 2.7. MRI thalamic lesion burden did not cor-
relate with thalamic atrophy [Spearman rho (p) -0.15, p = 0.15]
but did correlate with BPF (p =0.61, p <0.001), T2LV (p =-0.65,
p <0.001), and TILV (p =- 0.48, p < 0.001). T2LV strongly cor-
related with TILV (p = 0.76) and with TV (p = - 0.65) more than
total grey matter fraction (GMF; p = 0.44) or BPF (p =- 0.54); all
p <0.001. Most had progressive courses: 74 (72%) secondary pro-
gressive, 14 (15%) primary progressive, and 7 (7%) relapsing.
The mean disease duration was 25 + 11.8 years and mean age at
death was 59 + 12 years.

Histologically, neuronal density was reduced, and neurons were
less polygonal in demyelinated lesions compared to normal
appearing grey matter. Activated microglia were present in nor-
mal appearing thalamic tissue but were increased in lesions and
lesional borders. Axonal density was decreased in perilesional and
lesional areas. Histopathologic data for TV extremes as well as
MRI metrics for an in vivo cohort will also be presented.
Conclusion: Although thalamic lesions exhibit neuronal, axonal,
and glial pathology, thalamic atrophy correlates with extra-tha-
lamic metrics. These findings suggest that thalamic atrophy in MS
results more from Wallerian or transsynaptic degeneration than
from intra-thalamic lesions and reflects global white matter dis-
ease burden.

P197

Complement Dependent Synapse Loss in a Mouse Model of
Multiple Sclerosis

Dr. Jennetta W Hammond, Ph.D., Ms. Wen Qin Qiu, Mr.
Herman Li, Dr. Matthew J Bellizzi, M.D., Ph.D. and Dr. Harris
A Gelbard, MD PhD

University of Rochester, Rochester, NY

Background: Multiple sclerosis (MS) is an inflammatory, neuro-
degenerative disease of the CNS characterized by both grey and
white matter injury. However, cognitive impairments and progres-
sive neurologic decline correlate best with degeneration of brain
grey matter. Microglial activation and a reduction in synaptic den-
sity are key features of grey matter pathology that can be modeled
with experimental autoimmune encephalomyelitis (EAE) in
which mice have significant cortical and hippocampal synapse
loss and microgliosis. Complement deposition on synapses fol-
lowed by microglial engulfment has been shown during normal
development and in disease as a mechanism for pruning synapses
that potentially are still functional. Thus, we tested whether com-
plement dependent synapse loss is a primary source of injury in
EAE.

Objectives: To determine if there is excess complement produc-
tion and activation in the EAE hippocampus and whether prevent-
ing complement activation via genetic knockout of Clqa protects
synapses during EAE.

Methods: EAE was induced in wild-type (WT) and Clqa knock-
out mice by immunizing with MOG;s.s5s Brain slices and hip-
pocampal lysates were probed for the complement factors, Clq
and C3, and synaptic and microglial markers via immunohisto-
chemistry and immunoblot.

Results: Clq protein levels were significantly increased in the
hippocampus of EAE mice compared to sham-immunized con-
trols. Clq often localized with synapses (identified by the post-
synaptic marker PSD95). EAE mice also had increased levels of
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C3 activation products pointing to engagement of the early com-
plement pathway. WT mice with EAE displayed a significant
decrease compared to sham controls in the number of synapses in
the CAl striatum radiatum region of the hippocampus. Clga
knock out prevents this EAE-induced synapse loss in the hip-
pocampus but does not improve the EAE clinical score which is
largely a phenotype of white matter spinal cord disease.
Conclusion: Pathologic expression and activation of the early
classical complement pathway mediates synapse elimination in
the EAE hippocampus but does not influence the EAE clinical
score. Thus, loss of complement component Clqa is specifically
neuroprotective in the EAE grey matter.

P198

Identification of Multiple Sclerosis Related Pathways
through Genome-Proteome Correlations

Prof. Aksel Siva!, Ms. Elif Everest, MSc2, Dr. Ege Ulgen3, Dr.
Ugur Uygunoglu!, Dr. Melih Tiitlincii!, Prof. Sabahattin Saip!,
Prof. Ugur Sezerman? and Prof. Eda Tahir Turanli?

Istanbul University, Istanbul, Turkey, *Istanbul Technical
University, Istanbul, Turkey, 3Acibadem University, Istanbul,
Turkey

Background: Multiple sclerosis (MS) is an immune-mediated,
inflammatory, demyelinating and neurodegenerative disease of
the central nervous system with complex inheritance and patho-
physiological mechanisms.

Objectives: The objective of this study is to explore underlying
disease mechanisms in an MS cohort, using genomic data obtained
by a genome-wide association study (GWAS) and cerebrospinal
fluid (CSF) proteomic data. This data was used for pathway
enrichment analyses and clustering of the pathways in order to
reveal affected pathways.

Methods: Protcome data were previously obtained through
2D-gel electrophoresis and mass spectrophotometry analyses
using 179 MS patients and 42 non-MS controls. Among the study
group, 11 unrelated MS patients and 60 healthy controls were sub-
jected to SNP genotyping on the Illumina HumanCytoSNP-12
BeadChip. Pathway enrichment analyses of differentially
expressed proteins and MS-associated SNPs were conducted
using the functional enrichment tool PANOGA. The resulting
enriched pathways for GWAS and proteomics were then merged
using Fisher’s method. In order to establish representative path-
ways among highly similar groups of enriched pathways, cluster-
ing was performed, and the most significantly altered
representative pathways in MS were identified.

Results: Top 20 representative pathways had P values ranging
from 6.96E-30 to 2.20E-09. Immunological pathways such as
complement and coagulation cascades (hsa04610, P=6.96E-30),
Toll-like receptor signaling (hsa04620, P=8.96E-13), and neuro-
logical pathways such as Notch signaling (hsa04330, P=1.24E-13),
Prion diseases (hsa05020, P=5.13E-13) were identified. In addi-
tion, other pathways known to be important in neural network,
and immune cell proliferation and migration were observed:
Regulation of actin cytoskeleton (hsa04810, P=9.64E-27),
Adherens junctions (hsa04520, P=6.64E-25), Calcium signaling
pathway (hsa04020, P=1.15E-18), ECM-receptor interaction
(hsa04512, P=1.24E-14), SNARE interactions in vesicular trans-
port (hsa04130, P=4.03E-12), Cell cycle (hsa04110, P=3.87E-11).
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Conclusion: In this study, genomic and proteomic data of the
same MS cohort were used, and affected pathways were identified
through bioinformatic analyses. We found a number of represent-
ative pathways related to immunological and neurological mecha-
nisms of which complement and coagulation cascades, actin
cytoskeleton regulation, and cell-cell adherens junctions seem to
be of the highest importance in MS pathophysiology.

Pathogenesis - Role of glia

P199

Cell-Specific and Region-Specific Transcriptomics in the MS
Model: Focus on Astrocytes

Ms. Noriko Itoh, B.S., M.S., Dr. Yuichiro Itoh, Ph.D., Dr.
Alessia Tassoni, Ph.D., Dr. Michael Sofroniew, M.D., Ph.D. and
Prof. Rhonda Voskuhl, M.D.

University of California, Los Angeles, Los Angeles, CA

Background: Changes in gene expression that occur across the
CNS during disease do not address the heterogeneity of cell types
from one CNS region to another. Molecular mechanisms underly-
ing distinct disabilities may differ based on the neuroanatomic
pathway involved. MS is multifocal neuroanatomically and is
characterized by distinct disabilities affecting walking, vision,
cognition and fatigue. We hypothesize that neuroprotective treat-
ments tailored for each disability may be more effective than
treatments aiming to reduce a composite of many disabilities in
clinical trials.

Objectives: A cell-specific and region-specific transcriptomics
approach was used to determine gene expression changes in astro-
cytes in the MS model, EAE.

Methods: Astrocyte specific RNAs from various neuroanatomic
regions were attained from EAE and healthy control mice using
RiboTag technology. Sequencing and bioinformatics analyses
were used to determine EAE induced gene expression changes in
astrocytes in each CNS region. RNA sequencing and bioinformat-
ics analyses of human autopsy tissues were used to determine
whether gene expression changes identified in EAE also occurred
in MS.

Results: Twice as many gene differences were observed during
EAE in spinal cord astrocytes than in spinal cord all cells, demon-
strating the importance of the cell-specific transcriptomics
approach. EAE induced gene expression changes in astrocytes
differed between neuroanatomic regions when comparing astro-
cytes from spinal cord, cerebellum, cerebral cortex and hippocam-
pus, demonstrating the importance of the region-specific
transcriptomics approach. The top gene pathways that were
changed in astrocytes from spinal cord during chronic EAE
involved decreased expression of cholesterol synthesis genes,
while immune pathway gene expression was increased. Optic
nerve from EAE and optic chiasm from MS both showed
decreased cholesterol synthesis gene expression.

Conclusion: Together, this provides proof-of-concept that a cell-
specific and region-specific gene expression approach can iden-
tify potential treatment targets in distinct neuroanatomic regions
during multifocal neurological disease. Here, decreased choles-
terol synthesis gene expression in astrocytes in spinal cord and
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optic nerve was identified as a potential treatment target relevant
to walking and visual disabilities, respectively. This disability
specific approach represents a novel strategy for discovering tai-
lored neuroprotective treatments for MS.

P200

Astrocyte Specific Transcriptomics Reveal an Al Profile and
Complement Activation in Optic Nerve during EAE

Dr. Alessia Tassoni, Ph.D., Dr. Yuichiro Itoh, Ph.D., Ms. Noriko
Itoh, B.S., M.S., Ms. Vista Farkhondeh, Dr. Michael Sofroniew,
M.D., Ph.D. and Prof. Rhonda Voskuhl, M.D.

University of California, Los Angeles, Los Angeles, CA

Background: Multiple sclerosis (MS) is characterized by immune
cell infiltration, glia reactivity and damage to different cell types
in the central nervous system (CNS). Optic neuritis is common in
MS and its model experimental autoimmune encephalomyelitis
(EAE). Astrocytes are known to be important in both MS and
EAE, but gene expression profiles within astrocytes during dis-
ease remain unknown.

Objectives: To determine gene expression profiles in astrocytes
of the optic nerve in EAE using RiboTag Technology.

Methods: RiboTag mice expressing hemagglutinin (HA)-tagged
ribosomal RNA specifically in astrocytes were created by cross-
ing RiboTag mice with mGFAP -Cre mice line 73.12 (GFAP-Cre
73.12 RiboTag). Chronic active MOG;; ss-EAE was induced.
Healthy mice were used as controls. At EAE day 50, mice were
sacrificed, and optic nerves were collected. Astrocyte enriched
RNA was immunoprecipitated, isolated and processed for RNA
sequencing and bioinformatics analyses. Validation of the genes
of interests was performed by qPCR and immunohistochemistry.
Results: RNA seq data showed that optic nerve astrocytes display
a phenotype characterized by lipocalin2 (LCN2) as the top most
significantly up-regulated gene during EAE. Further, these astro-
cytes acquire an A1 profile, with complement component C3 and
SerpinG being among the most induced genes. Pathway analysis
revealed the complement cascade as one of the most enriched
pathways. This was accompanied by overexpression of C3a recep-
tor (C3aR) by microglia/macrophages, suggesting crosstalk
between microglia/macrophages and astrocytes during disease.
This expression profile was not observed in either retinal astro-
cytes or optic nerve head astrocytes, underscoring the heterogene-
ity of astrocytes across regions during disease.

Conclusion: Here the RiboTag approach was used for the first
time in the optic nerve in an animal model of MS. This cell-spe-
cific approach can offer therapeutically relevant insights into
molecular mechanisms underlying visual disability in MS.

P201

The Interplay between Cellular Metabolism and Myelin
Phagocytosis By Human Myeloid Cells in Multiple Sclerosis
Dr. Luke M Healy, Ph.D!, Ms. Yun Hsuan Lin, B.Sc2, Mr. Jeong
Ho Jang, B.Sc?, Prof. Amit Bar-Or, MD? and Dr. Jack P Antel,
MD!

!McGill University, Montreal Neurological Institute, Montreal,
QOC, Canada, *McGill University, Montreal, QC, Canada,
3Perelman School for Advanced Medicine, University of
Pennsylvania, Philadelphia, PA
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Background: The clearance of myelin debris by phagocytic
monocyte-derived macrophages (MDMs) is essential for tissue
repair in multiple sclerosis (MS). The molecular control of this
myelin clearance by myeloid cells (MDMs and microglia) is
largely unknown. The metabolic state of myeloid cells (defined by
oxidative phosphorylation; OXPHOS and glycolysis) has a major
impact on cellular function.

Objectives: The aim of this study is to understand how myelin
uptake can impact cellular metabolism in MS patient and healthy
control donor MDMs. To explore how certain metabolic pathways
can control the ability of human myeloid cells to phagocytose
myelin.

Methods: Macrophages (MDMs) were cultured CD14" selected
monocytes taken from whole venous blood samples of control
donors and untreated MS patients. Myelin phagocytosis was
measured using pHrodo-labeled myelin in a flow cytometry assay.
The Seahorse bioanalyzer was used to measure oxygen consump-
tions rates that predominantly reflect OXPHOS, and extracellular
acidification rates that mainly reflect glycolysis.

Results: Both OXPHOS and glycolytic metabolism were upregu-
lated in control donor MDMs following myelin uptake. Blocking
OXPHOS by addition of the ATP synthase inhibitor oligomycin
significantly reduced myelin phagocytosis. Blocking glycolysis
by addition of the competitive inhibitor 2-deoxyglucose (2DG)
did not reduce phagocytosis but did modulate subsequent cytokine
production following phagocytosis. MS patient-derived MDMs
showed significant deficits in both basal OXPHOS and glycolytic
metabolism.

Conclusion: Our data using control donor MDMs indicate a cen-
tral role for OXPHOS in the control of myelin phagocytosis by
healthy donor-derived MDMs. MDMs from MS patients display a
deficit in both myelin phagocytosis and basal metabolic activity.
The basis of this metabolic defect in MS MDMs remains to be
defined.

P202

Microglia Depletion Results in Axonal Protection in a Viral
Model of Multiple Sclerosis

Ms. Soumya S Yandamuri, M.S. and Dr. Thomas E Lane, Ph.D.
University of Utah, Salt Lake City, UT

Background: Intracranial (i.c.) inoculation of C57B1/6 mice with
the neuroadapted JHM strain of murine hepatitis virus (JHMV)
causes encephalomyelitis and demyelination. JHMV is a well-
accepted preclinical model of the human demyelinating disease
multiple sclerosis (MS). Here, we demonstrate that depletion of
microglia results in enhanced viral replication within the central
nervous system (CNS) and decreased survival and axonal
damage.

Objectives: Our research objectives are to better understand the
functional contributions of microglia in both host defense and
neuropathology in a model of viral-induced neurologic disease.
Methods: Seven days prior to i.c. infection with 600 PFU JHMV,
5-to-8-week old Thyl-YFP C57Bl/6 mice [medium-to-heavy
caliber axons express yellow fluorescent protein (YFP)] were fed
chow formulated with colony-stimulating factor-1 receptor
inhibitor PLX3397 or PLX5622 which deplete microglia or the
same chow without inhibitors as a control (kindly provided by
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Plexxikon, Inc., Berkeley, CA) for the duration of the experi-
ment. Animals were sacrificed at defined days post-infection
(dpi) to evaluate CNS viral titers and immune cell infiltration via
flow cytometry. In addition, axonal damage was determined by
live two-photon imaging of YFP-axons.

Results: At 5dpi, flow cytometry for CD11b*CD45i" cells/g
microglia from brains revealed a 53% decrease in PLX3397-fed
animals and 91% decrease (p<0.005) in PLX5622-fed animals;
however, CD4* and CD8" T cell and macrophage infiltration into
the brain was unchanged, highlighting the specificity of micro-
glia depletion. PLX-treated animals had a significant increase in
axons lacking signs of focal axonal degeneration compared to
animals fed control chow (p<0.05). At 5dpi, viral titers were
increased in the brains of PLX3397 (p=0.06) and PLX5662-fed
mice (p<0.05) compared to control animals. The impaired abil-
ity to control JHMYV replication within the CNS of animals fed
PLX3397 was correlated with diminished survival by 14dpi
(33% survival) when compared to control mice (89% survival)
(p<0.05).

Conclusion: Depletion of microglia prior to JHMV infection of
the CNS resulted in increased mortality and impaired control of
viral replication, highlighting an important role for microglia in
host defense. Moreover, depletion of microglia resulted in muted
axonopathy when compared to control animals arguing that early
axonal damage in response to JHMV infection is mediated, in
part, by microglia.

P203

Histone Deacetylase SIRT1 Mediates C5b-9-Induced Cell
Cycle in Oligodendrocytes

Dr. Alexandru Tatomir, M.D.!, Mr. Gautam K Rao, B.S.!, Mr.
Dallas Boodhoo, B.S.!, Mr. Jonathan Ciriello, B.S.!, Dr. Cosmin
A Tegla, M.D.!, Dr. Violeta Rus, M.D., Ph.D.! and Dr. Horea
Rus, M.D., Ph.D.!2

"University of Maryland School of Medicine, Baltimore, MD,
’Veterans Administration Multiple Sclerosis Center of Excellence
East, Baltimore, MD

Background: Oligodendrocytes (OLG) are susceptible to lytic
complement attack mediated by the terminal complex C5b-9.
However, sublytic levels of complement C5b-9 increased the sur-
vival of OLG and induced cell cycle. We have found that SIRT1 is
co-localized with surviving OLG in multiple sclerosis (MS)
plaques, but it is currently not known if SIRT1 is implicated in
OLG survival after exposure to sublytic C5b-9.

Objectives: We investigated the role of SIRT1 in OLG differen-
tiation and the effect of sublytic levels of C5b-9 on SIRT1 expres-
sion. We also investigated the downstream effects of SIRT1 by
measuring histone H3 Lysine 9 trimethylation (H3K9me3) and
expression of cyclin D1 as a marker of cell cycle activation.
Methods: OLG progenitor cells (OPC) purified from the brain of
rat pups were differentiated in vitro. As a source of sublytic C5b-9
we used normal human serum and assembled C5b-9 from purified
complement components. To investigate the pathway specificity
of C5b-9 modulation of SIRT1 expression, we treated OLG with
c-jun antisense oligonucleotide and a protein kinase C (PKC)
inhibitor (H7). The levels of SIRT1 and myelin basic protein
(MBP) mRNA were measured using real-time PCR and SIRT1
phosphorylated at Ser27 (pSIRT1), total SIRT1, MBP, cyclin D1
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and H3K9me3 protein expression were measured using western
blotting.

Results: Our data show a significant decrease of pSIRT and
SIRT1 during OPC differentiation associated with a decrease of
H3K9me3, an increase of cyclin D1 expression in the first 24
hours and a sustained increase of MBP. Stimulation of OLG with
sublytic C5b-9 for 3 hours resulted in an increase in SIRT1 mRNA
and protein levels. pSIRT1 levels remained increased up to 18
hours after exposure to C5b-9. C5b-9-stimulated SIRT1 mRNA
induction was abolished after c-jun antisense oligonucleotide and
H7 pretreatments. H3K9me3 levels also gradually increased after
stimulation with C5b-9 as compared to unstimulated, as did cyclin
D1 expression, indicating cell cycle activation. In addition, MBP
mRNA and protein were significantly reduced after exposure to
C5b-9.

Conclusion: Our data suggest that C5b-9 induces cell cycle acti-
vation by increasing SIRT1 levels through a c-jun and PKC
dependent manner. SIRT1 regulates the levels of repressive meth-
ylation of H3K9, thus possibly modulating the levels of cyclin D1
and MBP. C5b-9-mediated MBP reduction may play an important
role in inflammatory demyelination by affecting the OLG ability
to express myelin proteins.

Pathogenesis - the blood-brain-barrier

P204

Mcam on the BBB Contributes to Neuroinflammation By
Promoting the Recruitment of Encephalitogenic T Lympho-
cytes into the Central Nervous System

Mr. Marc Charabati!, Dr. Marc-André Lécuyer, PhD?, Dr.
Stephanie EJ Zandee, PhD?, Ms. Roxaneh Zaminpeyma?,

Dr. Evelyn Peelen, PhD?2, Ms. Sandra Larouche?, Mrs. Lyne
Bourbonniére?, Dr. Nathalie Arbour?, Dr. Catherine Larochelle,
MD PhD* and Dr. Alexandre Prat, MD, PhD*

!Centre de Recherche du Centre Hospitalier de I’Universite

de Montreal (CR-CHUM), Montreal, QC, Canada, *Centre de
Recherche du Centre Hospitalier de I’Université de Montréal,
Montréal, QC, Canada, ’Centre de Recherche du Centre
Hospitalier de I’Université de Montréal (CR-CHUM), Montreal,
OC, Canada, *Clinique de Sclerose en Plaques, Centre
Hospitalier de I’Université de Montréal- |’Hopital Notre-Dame,
Montréal, QC, Canada

Background: Multiple Sclerosis (MS) is an inflammatory disease
of the central nervous system (CNS) driven by the migration of
immune cells across the blood-brain barrier (BBB). To cross the
BBB, inflammatory leukocytes use cell adhesion molecules. We
have recently identified melanoma cell adhesion molecule (MCAM)
as an adhesion molecule expressed by effector T cells and used by
them to migrate into the CNS in both MS and its animal model,
experimental autoimmune encephalomyelitis (EAE) (Larochelle et
al. 2012, 2015). In parallel, we also detected MCAM expression on
endothelial cells of the BBB (BBB-ECs) in lesions of both MS and
EAE, but its function there remains ambiguous.

Objectives: To define the role of MCAM on BBB-ECs in mediat-
ing immune recruitment into the CNS in MS and EAE.

Methods: To decipher the precise function of MCAM on BBB-
ECs, we generated an MCAM knockout (KO) mouse model on
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the C57BL/6 background, and conducted in vitro adhesion and
migration assays using MCAM KO versus wildtype (WT) pri-
mary BBB-ECs. To evaluate whether MCAM on BBB-ECs con-
tributes to the development of neuroinflammation, we conducted
experiments of passive EAE by adoptively transferring encepha-
litogenic T cells into MCAM KO versus WT mice. Lastly, we
investigated in situ whether the expression of MCAM on the BBB
correlates with increased inflammation in MS lesions.

Results: /n vitro, the absence of MCAM on the BBB-ECs (i.e.
MCAM KO BBB-ECs) resulted in reduced adhesion of inflam-
matory T cells to the endothelial monolayer and decreased
migration across it. In vivo, EAE clinical severity and CNS
immune infiltration were diminished in MCAM KO recipient
mice as compared to WT recipients. In situ, we observed that
the expression MCAM is preferentially upregulated in active
MS lesions.

Conclusion: Our results demonstrate that MCAM on the BBB
contributes to neuroinflammation by promoting the migration of
inflammatory T cells into the CNS. Our goal is to establish
MCAM as a promising therapeutic target to treat MS without
impairing CNS immunosurveillance.

P205

Spatiotemporal Distribution of Fibrinogen in Marmoset EAE
and Human MS Inflammatory Demyelinating Lesions

Mr. Nathanael J Lee, B.S., B.A.!2, Dr. Seung-Kwon Ha, Ph.D.,
D.V.M.!, Dr. Pascal Sati, Ph.D.!, Dr. Martina Absinta, M.D.,
Ph.D.3, Mr. Nicholas Luciano, B.S.3, Ms. Jennifer A Lefeuvre,
M.S.!, Dr. Matthew K Schindler, M.D., Ph.D.!, Dr. Emily
Leibovitch, Ph.D.4, Dr. Jae Kyu Ryu, Ph.D., Dr. Mark A
Petersen, M.D.5, Dr. Afonso C Silva, Ph.D.6, Dr. Steve Jacobson,
Ph.D.4, Dr. Katerina Akassoglou, Ph.D.? and Dr. Daniel S Reich,
M.D., Ph.D.!

!Translational Neuroradiology Section, NINDS, NIH, Bethesda,
MD, *Georgetown University, Washington, DC, SNINDS, NIH,
Bethesda, MD, *Viral Immunology Section, NINDS, NIH,
Bethesda, MD, >University of California San Francisco, San
Francisco, CA, 5Cerebral Microcirculation Section, NINDS,
NIH, Bethesda, MD

Background: MS is an inflammatory demyelinating disease of the
central nervous system, and despite its prevalence, the proximate
trigger of the immune response is unknown. Experimental autoim-
mune encephalomyelitis (EAE) in the common marmoset recapit-
ulates many radiological and pathological features of focal MS
lesions in the cerebral white matter, unlike traditional EAE in
rodents. Thus, marmoset EAE provides an opportunity to investi-
gate how lesions form, as well as the relative timing of factors
involved in lesion pathogenesis, especially during early stages of
the disease.

Objectives: The objective of the study was to investigate the
involvement of the plasma protein fibrinogen (a marker for blood-
brain barrier (BBB) leakage also linked to a pathogenic role in
inflammatory demyelinating lesion development), in marmoset
EAE lesion pathogenesis, as well as sustained inflammation in
human MS lesions.

Methods: We used MRI to track EAE lesions in-vivo to determine
their age, stages of development, location, and histopathology for
cellular composition. We focused on fibrinogen, inflammatory
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cells, and glia including microglia, astrocytes, and peripheral
lymphocytes.

Results: We found that fibrinogen, not other markers of BBB
leakage (albumin, dysferlin), is deposited around the central
vein in early EAE lesions that are <6 weeks old, preceding
demyelination and visible gadolinium enhancement on MRI;
thus, fibrinogen deposition is one of the earliest detectable
events in lesion pathogenesis. In slightly older lesions, fibrino-
gen is found inside microglia, suggesting rapid clearance.
Quantification demonstrates positive correlation of fibrinogen
deposition with accumulation of inflammatory cells, including
microglia, macrophages, and T-cells. The peak of fibrinogen
deposition coincides with the onset of demyelination and axonal
loss. In samples from human MS tissue, fibrinogen was only
found at the edge of chronic active lesions, which have ongoing
demyelination and inflammation, but not in chronic inactive
lesions; thus, fibrinogen may play a role in sustained inflamma-
tion even in the chronic setting.

Conclusion: Our data support the notion that fibrinogen is a key
player in the early pathogenesis, as well as sustained inflamma-
tion, of inflammatory demyelinating lesions.

P206

Rapid Improvement of Symptoms after Fibrinolysis in a
Patient with Multiple Sclerosis Exacerbation

Dr. Konstantin Balashov, MD, PhD, Dr. Suhayl Dhib-Jalbut,

MD and Dr. Igor Rybinnik, MD

Rutgers Robert Wood Johnson Medical School, New Brunswick, NJ

Background: To describe a unique case of rapid improvement in
multiple sclerosis (MS) exacerbation following fibrinolytic
therapy.

Objectives: Most demyelinating lesions in MS emerge around
deep cerebral venules and are associated with fibrin deposition.
Fibrin depletion ameliorates clinical symptoms in a mouse model
for MS. We and others reported acute demyelinating lesions with
restricted diffusion (ADLRD) seen on brain and spinal cord MRI
in selected MS patients during clinical relapse. The pathogenesis
of restricted diffusion is not clear, but an ischemic process is
possible.

Methods: The patient is a 38-year-old woman with relapsing-
remitting MS treated with fingolimod. Her baseline neurological
exam was significant for mild right hemisensory deficit to touch
and right hemiparesis. The patient developed acute onset of flac-
cid right-sided weakness and hypoesthesia involving the face, arm
and leg. Due to rapid and fulminant onset of neurological deficit,
she was suspected to have a stroke and received intravenous
recombinant tissue plasminogen activator (rtPA, 0.9 mg/kg) at
227 minutes after symptom onset. The patient was followed with
serial neurological exams and MRIL

Results: Prior to rtPA treatment, her NIH Stroke Scale score was
9. The patient’s deficit rapidly improved in 5.4 hours after intrave-
nous rtPA administration (NIH Stroke Scale score was 1, right
upper limb drift). Brain MRI at 20 hours after symptom onset
revealed a large (2.8x2.4cm) symptomatic, contrast-enhancing
ADLRD in the left centrum semiovale. However, the patient’s
deficits deteriorated again by 21 hours from initial symptom onset
with flaccid hemiplegia of the right side and NIH Stroke Scale
score of 12. After a 5-day course of IV methylprednisolone
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followed by 5 sessions of plasmapheresis, she partially regained
motor strength. NIH Stroke scale score on day 15 was 7.
Hypercoagulability tests were negative.

Conclusion: Rapid transient clinical improvement after a single
infusion of rtPA during acute MS relapse suggests that fibrin is a
potential therapeutic target in acute MS exacerbation.

P207

Immunomodulatory Role of Adiponectin in Experimental
Models of Multiple Sclerosis

Dr. Francesca Cignarella!, Dr. Claudia Cantoni!, Dr. Hamid
Salimi?, Dr. Robyn Klein? and Dr. Laura Piccio!
"Washington University in St. Louis - School of Medicine, St.
Louis, MO, ?°Washington University, St. Louis, MO

Background: Multiple sclerosis (MS) can be mimicked by the
animal model experimental autoimmune encephalomyelitis
(EAE). In both MS and EAE, activation of immune cells against
CNS antigens occurs in the periphery as self-reactive lympho-
cytes are detectable in the blood and gain access to the CNS by
crossing the blood brain barrier (BBB) via mechanisms that are
still being elucidated. Several recent studies showed that obesity
during childhood/young adulthood confers increased risk of
developing MS. Adipose tissue is an active source of cytokines,
named adipokines, that regulate metabolic pathways, immune and
inflammatory responses. Adiponectin is an adipokine with multi-
ple anti-inflammatory effects which is increased upon calorie
restriction, and decreased with obesity. Recent evidence suggests
that the BBB is activated as a result of metabolic and inflamma-
tory changes that occur in response to obesity. Adiponectin has
been reported to have a variety of protective effects on endothelial
function and therefore changes in its serum levels can potentially
impact the BBB.

Objectives: To study the immunomodulatory role of adiponectin
in the context of MS.

Methods: EAE induction: mice were immunized with MOG ;5 5
to induce EAE. Clinical scoring was performed daily under
blinded conditions. BBB in vitro model: human cerebral micro-
vascular endothelial cells (HCMEC) were co-cultured with pri-
mary human astrocytes in a transwell system. The in vitro barrier
integrity was assessed by measurements of trans-endothelial
resistance (TEER) or by diffusion of fluorescein-dextran. Sodium
Fluorescein Assay for BBB Permeability in vivo: mice were
injected i.p. with fluorescein, brain regions of interest were col-
lected and analyzed for fluorescein content.

Results: Administration of the globular or of the full-length adi-
ponectin protein during EAE inhibited the disease. Furthermore,
mice with genetic targeted deletion of adiponectin developed
more severe EAE. Adiponectin treatment resulted in down-regu-
lation in the spinal cord of vascular adhesion molecules (ICAM-1
and VCAM-1) associated to the BBB. Using in vitro approaches,
we observed that endothelial cells and astrocytes (constituents of
the BBB) express adiponectin receptor 2 and exposure of an in
vitro human BBB model to adiponectin improved barrier integrity
and reduced solute diffusion.

Conclusion: Based on these preliminary findings, we believe that
adiponectin exerts neuroprotective effects that control leukocyte
entry into the CNS via regulation of BBB permeability.

http://journals.sagepub.com/home/ms;j
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Prognostic Factors of Disability and Depression in Patients
with Multiple Sclerosis: A Longitudinal Analysis of Elec-
tronic Health Records

Prof. Farren B. Briggs, PhD, ScM!, Mr. Nicolas R Thompson,
MS? and Dr. Devon S Conway, MD, MSc3

!Case Western Reserve University, School of Medicine,
Cleveland, OH, *Cleveland Clinic Foundation, Cleveland, OH,
3Cleveland Clinic Lerner College of Medicine, Case Western
Reserve University, Cleveland, OH

Background: Predicting the accrual of neurological deficits from
multiple sclerosis (MS) is challenging. Most prior research has
focused on the Expanded Disability Status Scale (EDSS), a mod-
estly reliable tool heavily weighted by ambulation. Far fewer
studies have investigated other outcomes, much less multiple out-
comes in the same population.

Objectives: To identify prognostic factors of Timed 25-Foot Walk
(T25FW; a robust measure of lower limb disability), Patient
Health Questionnaire 9 (PHQ-9; a depression tool), and
Performance Scales Sum (PSS-8, a measure of global disability)
in relapsing remitting (RR) MS.

Methods: Electronic health records (EHRs) for 2,083 RRMS
patients at The Mellen Center for MS, Cleveland Clinic, with a
clinical visit between 1/1/2010-5/29/2012, and at least one addi-
tional visit within the ensuing 3 yrs were included in this retro-
spective cohort study (16,538 visits). T2SFW, PHQ9, information
for PSS-8, demographics, smoking status, body mass index
(BMI), and insurance payer were extracted from the EHRs.
Appropriate models were adjusted for vascular comorbidities, dis-
ease duration, disease-modifying therapies, median income of
patient’s ZIP code, marital status, walking aid use, and time
between clinical visits. Gender- and race-specific differences
were examined.

Results: T25FW speed: Older age, longer disease duration, higher
BMI, lower median income, and a higher PHQ-9 scores predicted
slower speeds. Walking speeds were slower in females than males,
black patients than white patients, current/former smokers than
never smokers, and Medicaid/Medicare beneficiaries than the pri-
vately insured.

PHQ9 score: Younger age, higher BMI, lower median income,
and Medicaid beneficiaries predicted higher depressive scores.
Current smoking predicted a 2 point increase in PHQ9 scores
compared to never smokers. The effect of age and BMI were
restricted to females and white patients, respectively.

PSS-8: Older age, higher BMI, lower median income, and higher
PHQ-9 scores predicted accelerated disability. Faster disability
accrual was evident among former/current smokers than never
smokers, and Medicaid/Medicare beneficiaries than the pri-
vately insured. The effect of age was 2-fold greater in males than
females.

Conclusion: We conducted a comprehensive longitudinal analy-
sis of disability accrual. We identified multiple predictors of
adverse outcomes; smoking, higher BMI, and lower socioeco-
nomic status predicted worse outcomes for all measures.
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Vitamin D Levels and MS Measures in Progressive Multiple
Sclerosis

Dr. Justin R Abbatemarco, MD!, Dr. Robert J Fox, MD?, Ms.
Hong Li, MS? and Dr. Daniel D. Ontaneda, MD, MSc3
ICleveland Clinic Foundation, Cleveland, OH, ?’Mellen Center
for Multiple Sclerosis, Cleveland Clinic, Cleveland, OH,
3Cleveland Clinic, Cleveland, OH

Background: Vitamin D deficiency is a risk factor for multiple
sclerosis (MS). Low vitamin D levels are associated with increased
risk of brain lesions, relapses and early progression of disability.
Vitamin D levels have been associated with disease activity
mainly in relapsing remitting and to a lesser extent in progressive
forms of the disease.

Objectives: To examine the association between vitamin D levels
and clinical and MRI features in progressive multiple sclerosis
subjects (Primary: PPMS, Secondary: SPMS) from the ibudilast
phase II clinical trial (NN102/SPRINT-MS).

Methods: 25 OH vitamin D levels (D3 and total D) were con-
ducted on baseline serum samples from the subjects enrolled into
the NN102/SPRINT-MS trial. Clinical and disease data included
demographics, disease history, Expanded Disability Status Scale
(EDSS), Multiple Sclerosis Functional Composite (MSFC), T2
lesion volume, T1 lesion volume, brain parenchymal fraction
(BPF), whole brain MTR (WBMTR), normal appearing brain tis-
sue MTR (NABT MTR), and normal appearing grey matter MTR
(NAGM MTR) . Associations between vitamin D levels and MS
features were determined using Pearson correlation and multivari-
ate regression analyses.

Results: The sample included 267 patients (Age 55.6+7.4,47.2%
male, and 51.3% PPMS) who had both baseline key MRI data and
vitamin D levels. No mean difference between PPMS and SPMS
was found on both D3 (40.7 vs. 39.9 ng/ml) and total D (43.8 vs.
42.9 ng/ml). Positive associations were found between D3 and
MRI measures including WBMTR (=0.17, p=0.007), NABT
MTR (1=0.12, p=0.07) and NAGM MTR (1=0.15, p=0.02), but the
associations with total D was not significant. There was no signifi-
cant association between D3 or total D and other MRI measures
including BPF, T2 lesion volume, T1 lesion volumes, or clinical
measures including T25FW, 9HPT, EDSS and SDMT.
Associations between vitamin D3 level and WB MTR remained
significant (p=0.02) in multivariate analysis with consideration of
age, gender, disease duration, time of serum obtained and latitude
of study site, every 1 ng/ml increasing in vitamin D3 resulted 2.1
percent unit increasing in WB MTR.

Conclusion: Vitamin D levels were significantly associated with
whole brain MTR, but not with BPF, T2 lesion volume, T1 lesion
volume, or clinical measures in progressive MS. Vitamin D may
carry a protective role in myelin content in progressive MS
patients.
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Long-Term Predictors of Relapse or Disability Progression in
Patients with Multiple Sclerosis in the Transforms and Free-
doms/Freedoms II Studies
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Tomic?, Dr. Xiangyi Meng*, Dr. Daniela Piani Meier?, Prof.
Frederik Barkhof>¢ and Dr. Till Sprenger’$
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Background: Disease and treatment histories can be useful pre-
dictors of long-term clinical outcomes in patients with multiple
sclerosis (MS).

Objectives: To assess the utility of variables at baseline and over
the first year of the phase 3 FREEDOMS/FREEDOMS II and
TRANSFORMS studies and their extensions in predicting long-
term clinical outcomes.

Methods: This post hoc analysis used pooled data from the fin-
golimod and placebo groups of the FREEDOMS/FREEDOMS 11
studies, and from the fingolimod and intramuscular interferon
B-1a groups of TRANSFORMS. In the extensions, all patients
received fingolimod. Multiple logistic regression analysis was
used to assess which patient’s disease characteristics at baseline or
from baseline to month (M) 12 predicted M3 and M6 confirmed
disability progression or relapses (3MCDP/R, 6MCDP/R) during
M12-48. Variables at baseline (M0) and for M0—12 included sex,
age, duration since diagnosis, previous treatment, percentage
brain volume change (PBVC), lesion count, volume and activity
(defined as >1 Gd+ or >2 new T2 lesions), Expanded Disability
Status Scale (EDSS) score and relapse rate.

Results: In total, 1118 and 1103 patients were included in the
FREEDOMS analysis sets for 3MCDP/R and 6MCDP/R, respec-
tively, and 769 patients were analyzed for both outcomes in
TRANSFORMS. In the FREEDOMS study, predictors of both
3MCDP/R and 6MCDP/R (odds ratio [95% CI]), respectively, were
MS duration since diagnosis (1.036 [1.008—-1.064], p=0.0102; 1.04
[1.011-1.069], p=0.0059), EDSS score at MO (1.233 [1.103-1.379],
p=0.0002; 1.229 [1.097-1.378], p=0.0004), number of relapses in
MO-M12 (2.741 [1.900-3.953], p<0.0001; 2.788 [1.931-4.025],
p<0.0001), lesion activity in M0-M12 (1.946 [1.214-3.120],
p=0.0057; 1.638 [1.012-2.651], p=0.0444), and PBVC from M0—
MI12 (0.868 [0.758-0.994], p=0.0404; 0.869 [0.756-0.999],
p=0.0486). In TRANSFORMS, predictors of 3MCDP/R and
6MCDP/R, respectively, were EDSS score at MO (1.221 [1.078—
1.382], p=0.0017; 1.228 [1.081-1.395], p=0.0016) and number of
relapses in MO0-M12 (1.655 [1.199-2.285], p=0.0022; 1.774
[1.279-2.460], p=0.0006); previous MS treatment (1.613 [1.135—
2.292], p=0.0077) was a predictor of 6 MCDP/R.

Conclusion: Baseline EDSS score and number of relapses during
the first year were the most consistent predictors of disability
worsening or relapses over 4 years in the phase 3 fingolimod tri-
als. These findings support early review of treatment regimens to
help to prevent worsening disability.
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Association of Vitamin D Status and Clinical and Radiologi-
cal Outcomes of Relapsing Remitting Multiple Sclerosis
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Background: Recent studies suggest that low serum vitamin D
levels are important environmental factor in MS. Vitamin D defi-
ciency is a recognized risk factor for relapsing remitting multiple
sclerosis (RRMS) and is associated with increased disease activ-
ity. It has also been proposed that the lower the vitamin D levels
are correlated with disability. It has also been proposed that the
lower the vitamin D levels are correlated with magnetic resonance
imaging (MRI) activity.

Objectives: The aim of this study was to compare the serum lev-
els of vitamin D in patients with RRMS patients and to determine
its association with clinical and radiological findings.

Methods: 250 RRMS patients, 181 female, mean age 40.31 years
of whom 25-(OH)-D serum concentrations and 3 T brain and cer-
vical MRI were obtained included in the study. All clinical data
including relapse at visit and expanded disability status scale were
recorded in a standardized manner by a multiple sclerosis experi-
enced neurologist.

Results: The largest group (68.8%) showed significant vitamin D
deficiency (<20 ng/ml), 18.4 % showed the suboptimal level of
vitamin D (20-30 ng/ml). The normal level of 25(OH)D (>30 ng/
ml) was observed in 12.8 % of the patients. Statistically significant
correlation was observed between the vitamin D status and fre-
quency of relapses and disability. Overall, there was a negative
correlation between vitamin D level and EDSS score (P = 0.001).
Statistically significant correlation was observed between the vita-
min D status and T2 lesion load and cervical lesions. P = 0.001)
There was no statistically significant correlation in the association
of vitamin D and contrast-enhancing T1 lesions (p=0.843).
Conclusion: Our findings confirm that deficiency of vitamin D in
patients with MS is correlated with clinical course and radiologi-
cal findings. Future studies should investigate whether vitamin D
supplementation in MS patients may decrease clinical and MRI
activity.
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Tumefactive Sclerosis and Leptomeningeal Gadolinium
Enhacement: Case Report

Dr. Brenda Bertado Cortes, Neurologist!, Dr. Georgina Jose
Mejia Del Castillo!, Dr. Moénica Tovar Gonzalez? and Dr. Raul
Carrera Pineda, Neurologist?

ICentro Medico Nacional Siglo XXI IMSS, Mexico, Mexico,
2Instituto Mexicano del Seguro Social, Mexico, Mexico

Background: Tumefactive lesions are a rare presentation of cen-
tral nervous system idiopathic inflammatory demyelinating dis-
ease, characterized by lesions that can mimic tumors in magnetic
resonance imaging (MRI): more than 2cm in size and with associ-
ated mass effect, perilesional edema and ring gadolinium enhance-
ment. It has been stablished a correlation between meningeal
inflammation and subpial cortical demyelinating lesions, with
documented B cells follicles in meninges, indicating disease
activity and representing a marker of gray matter damage and dis-
ease progression. The leptomeningeal enhancement is being stud-
ied as a predictor of Multiple Sclerosis (MS) development in
asymptomatic patients with high risk factors as well as in those
who already have the disease, as a predictor of new MS lesions.
Objectives: To describe a case of aggressive tumefactive variant
of MS preceded by important leptomeningeal enhancement,
emphasizing the important predictive value of this entity.

http://journals.sagepub.com/home/ms;j

Methods: Case report. A 41 years old female with diagnosis of
MS since 2011, treated with IFNB-1?, with an Expanded Disability
Status Scale (EDSS) of 1.5. Annual control MRI showed impor-
tant leptomeningeal enhancement and presented worsening in the
next MRI control 3 months later. After a few weeks she presented
disexecutive syndrome, homonymous left hemianopsia, left
pyramidal, hemisensitive and hemicerebellar syndromes, rising
EDSS up to 6.0. MRI showed tumefactive lesions affecting right
parietal lobe and splenium, with intense gadolinium enhancement.
Biopsy was performed searching for tumoral lesion, resulting only
in important inflammatory process. We concluded tumefactive
slerosis.

Results: The patient started therapy with high doses of corticos-
teroids followed by Rituximab. She had partial recovery with an
EDSS of 3.0 that correlated with volume decrease in MRI lesions.
Conclusion: Leptomeningeal enhancement is considered an
important predictor of development, activity, relapse, disability
and progression of the disease, also in MS variants like tumefac-
tive ones.

PROs and QOL
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Observations of a Multiple Sclerosis Patient-Centered Spe-
cialty Practice: Analysis of Depression Patterns
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Nasima Afsari, MBBS, MPH!, Ms. Michelle Patel, B.A.2, Dr.
Thomas Valuck, MD, JD3, Ms. Patricia Farmer, RN? and Dr.
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Background: Patient-centered care models require practices to
organize care around patients and actively engage them in planning
and managing their treatment and conditions. The Multiple
Sclerosis (MS) and Neuroimmunology Center at Georgetown
University is undergoing transformation to become a patient-cen-
tered specialty practice (PCSP) and aims to become the first MS
PCSP recognized by the National Committee for Quality Assurance
(NCQA). To determine the impact of transformation on patient
experience and outcomes, a cohort of patients treated by the Center
will be followed for 3 years in the MS-Advance Study.
Objectives: Since depression is a major MS comorbidity that
could be aided by early identification and intervention, we exam-
ined baseline target variables and demographics of study partici-
pants to determine the prevalence of depression and whether
degree of disability, cognitive status, or time since diagnosis pre-
dicted its occurrence.

Methods: Patients with relapsing-remitting or secondary progres-
sive MS were enrolled in the Study by the Center (n=520). Patient-
reported outcomes were collected through a novel online platform.
Patient Health Questionnaire 9 (PHQ-9) scores were analyzed to
identify patterns of depression. A multivariate linear regression
analysis was run to correlate PHQ-9 scores with demographics
and 3 target variables: Expanded Disability Status Scale (EDSS)
score, Symbol Digit Modalities Test (SDMT) score, and time
since MS diagnosis.
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Results: 23% of participants reported depression in their past and
22% screened positive for moderate, moderately severe, or severe
depression on their baseline PHQ-9. The degree of disability, cog-
nitive status, or time since diagnosis did not appear predictive of
depression. Income was the only variable with a statistically sig-
nificant relationship with occurrence of depression. For those with
an income between $100,000 and $149,000/year and income
greater than $150,000/year (compared to those with an income of
less than $15,000/year), there was a corresponding 5.4 and 7.7
unit decrease in PHQ-9 score, respectively, holding gender, race,
marital status, living situation, EDSS score, SDMT score, and
time since diagnosis constant.

Conclusion: Given the surprising result that we cannot readily
predict risk of depression, an effective MS PCSP would integrate
a mental health professional as part of the care team and yearly
depression screening for all patients to meet patients care needs.
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Voice of the Patient: Effect of Neuroperformance Deficits on
Interference with Daily Activities

Dr. Sarah M Planchon, Ph.D.!, Dr. Nicholas G LaRocca, PhD?,
Ms. Hong Li, MS!, Dr. Richard A Rudick, MD3, Mrs. Darlene
Stough!, Mrs. Dee Ivancic!, Ms. Kaila N Parker! and Dr.
Deborah M Miller, PhD!

ICleveland Clinic, Cleveland, OH, ?National MS Society, New
York, NY, 3Biogen, Cambridge, MA

Background: As we refine the assessment of MS-related disabil-
ity, it is essential that we include direct input from Persons with
MS (PwMS) concerning the clinical meaningfulness of measures
and what are the meaningful transitions in levels of functional
status.

Objectives: The purpose of this study was to gain input from
PwMS about the meaningfulness of four neuro-performance
measures (NPM) in relation to their daily activities.

Methods: 62 PwMS were assessed with NPM measuring impair-
ment in mobility (MOB), upper extremity (UE), visual (VIS), and
cognitive (COG) function. After each test, participants were pre-
sented with 5 examples of everyday activities that are dependent
upon each of the domains assessed and were asked to indicate,
using a 0-10 scale, the impact that impairment in each of the 4
NPM has on each of those 5 daily activities.

Results: Participants reported a range of interference in daily
activities in the MOB domain (median range for each of the five
(Mr): 4-9; median total (Mt): 29). In contrast, the UE (Mr = 0-3;
Mt= 10) and processing speed (Mr = 0-4; Mt= 12) domains
showed a smaller range with less reported interference. The least
amount of interference was for the VIS domain (Mr = 0-1; Mt=
3.5). Correlation analysis between NPM scores and interference
scores showed positive and significant correlations for MOB
(Spearman r =0.59 to 0.68 for individual activities, for total score,
r=0.73, p<0.001) and UE (individual: r = 0.44 to 0.59, total: r =
0.61, p<0.001); in contrast, for both VIS and COG, correlations
were non-significant and negative (VIS: r<-0.3; COG: r<-0.3).
Interference scores for participants stratified by high and low dis-
ability levels in each domain were significantly different in the
MOB (median =38 vs. 19, p<.001) and UE domains (median =21
vs. 3, p<.001), but not for VIS (6 vs. 2, p=0.07) or COG domains
(15.5 vs. 9, p=0.34). Through regression analysis with modeling,
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a quantitative relationship between the NP and interference scores
was identified for the mobility and UE measures, but not VIS or
COG domains.

Conclusion: Strong correlations between NP and interference
scores were found in the MOB and UE domains, such that a quan-
titative relationship was estimated; however, a similar relationship
was not found in the VIS or COG domains. The VIS and COG
NPM deficits may represent sub-clinical findings or indicate that
the NPM tasks were difficult for participants to relate to regular
activities.
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Successes and Challenges in Capturing Web-Based Patient-
Reported Outcomes from Multiple Sclerosis Patients to Meet
Patient-Centered Care Goals
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Background: The chronic, complex nature of multiple sclerosis
(MS) requires continuous specialized care. The National
Committee for Quality Assurance (NCQA) Patient-Centered
Specialty Practice (PCSP) model is optimal to deliver such care,
but NCQA has yet to recognize a MS practice as a PCSP. Use of a
web-based platform to capture patient reported outcomes (PROs)
may help MS practices meet NCQA PCSP standards and achieve
MS care goals (e.g., reduce relapses). Notably, the PCSP model
and clinical trials (CTs) share potential benefits such as improved
care processes and analysis of at-risk patients. The use of a web-
based system to capture PROs may help achieve shared PCSP and
CT goals for MS care.

Objectives: To assess the advantages and disadvantages of cap-
turing PROs online to meet PCSP standards and achieve MS care
goals.

Methods: Participants in the Georgetown University MS-Advance
Study completed web-based PROs (Neuro-QoL; Modified Fatigue
Impact Scale; Patient Health Questionnaire, 9 item; Work
Productivity and Activity Improvement Questionnaire; Treatment
Satisfaction Questionnaire for Medication; Clinician and Group
Consumer Assessment of Healthcare Providers and Systems) and
journals. Responses were analyzed for reported treatment use, MS
symptoms, and relapses. Responses from any patient who com-
pleted >1 PRO or journal from January-August 2017 were
analyzed.

Results: 518 patients enrolled in the MS-Advance Study. 310
patients completed >1 PRO or journal entry. 191 patients
reported using a disease modifying agent. Of the 259 patients
who reported MS symptoms, 212 patients reported >3 MS symp-
toms daily. The top 3 daily symptoms reported by these patients
(n=259) were poor balance (n=122), numbness or tingling
(n=123), and leg or foot weakness (n=128). 257 patients reported
a relapse in the last year.

Conclusion: Continuous collection of PROs via a web-based
platform can help identify patients with active disease outside of
the clinic setting. Some patients provided responses with prompt
(e.g. email reminder), while others completed entries without
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prompt; these behaviors warrant further study to determine how to
elicit more complete and timely reports from patients. These
results show that continuous collection of PROs can equip care
teams with vital information to address PCSP goals, such as
improved care management.
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Differences in Symptoms, Functioning and Quality of Life
between People with Relapsing Versus Progressive Forms of
Multiple Sclerosis
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Background: iConquerMS™ is a multiple sclerosis (MS) people-
powered research network established in 2014, funded by the
Patient-Centered Outcomes Research Institute. To date, more than
4,000 people with MS have joined iConquerMS™ and consented
to provide data for research purposes. Four baseline surveys on
the iConquerms.org portal are: Demographics; MS characteris-
tics; Neuro-QoL Adult Short Form (Neuro-QoL) survey; and,
PROMIS® Global Health Survey (PROMIS®). In June 2017, a
de-identified dataset from the baseline surveys for more than
2,000 respondents was analyzed to assess differences between
symptoms, functioning and quality of life for people with MS
self-reporting  relapsing-remitting  (“relapsing”)  versus
secondary+primary progressive (“progressive”) forms of MS.
Objectives: 1) Create graphical comparisons of the characteris-
tics of those respondents self-reporting relapsing versus progres-
sive forms of MS. 2) Undertake statistical comparisons of the
characteristics of the respondents self-reporting relapsing versus
progressive forms of MS. 3) Reveal differences between relapsing
and progressive forms of MS in the relative ranking of symptoms,
functioning and quality of life.

Methods: Likert Scale questionnaire answers were converted to
integer value raw scores. Total scores for each Neurol-QoL and
PROMIS® domain were rank ordered for relapsing and for progres-
sive forms of MS. Pairwise comparisons of the scores for each
Neuro-QoL and PROMIS® domain for relapsing versus progressive
forms of MS were performed using Chi-squared statistics or Fisher’s
Exact Test. Cohen’s d was calculated for differences between the
total scores for each Neuro-QoL and PROMIS® domain for relaps-
ing versus progressive forms of MS and were rank ordered.
Results: For relapsing forms of MS, the 5 most affected of 12
Neuro-QoL domains were (in descending order of severity):
fatigue, satisfaction with social roles and activities (“satisfac-
tion”), sleep disturbance, cognitive function and anxiety. Whereas,
for progressive forms of MS the top 5 most affected domains
were: satisfaction, fatigue, lower extremity function, ability to
participate in social roles and activities and sleep disturbance. The
largest Cohen’s d for the difference between relapsing and pro-
gressive forms of MS was for lower extremity function with a
value of 1.4.

Conclusion: This characterization of the iConquerMS™ network
highlights the quality of life areas that affect people with different
forms of MS the most and provides an excellent basis for future
research.
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Background: As the assessment of MS-related disability is
refined, it is essential to include direct input from Persons with
MS (PwMS) concerning the clinical meaningfulness of measures
and the impact MS symptoms have on their everyday
functioning.

Objectives: To obtain the perspectives of PWMS concerning the
impact that MS impairment has on areas of everyday function.
Methods: 62 PwMS were asked to think about any MS symptoms
which interfere with their daily activities, other than walking
speed, manual dexterity, vision, and speed of information process-
ing. They were then presented with 5 common symptoms, one by
one, and asked if they were affected by each symptom. For those
that were endorsed, they were asked to identify an activity that is
affected by that symptom. They were then asked to describe up to
5 additional MS symptoms that interfere with their daily activi-
ties, and identify an associated activity for each.

Results: A majority of respondents endorsed the impact of the 5
symptoms presented: fatigue (90.3%), incoordination (88.7%),
spasticity (75.6%), bladder dysfunction (69.4%) and pain (54.8%).
Fourteen additional symptoms were spontaneously mentioned as
affecting daily activities at frequencies ranging from 22.6% (par-
asthesias) to 3.2% (Lhermitte’s sign). Participants identified 31
daily activities associated with these symptoms. Many different
activities were identified as being affected by more than one
symptom (mean 2.1, range 1-7). For example, walking was noted
to be affected by 7 different symptoms and sleeping was affected
by 4. Most symptoms affected more than one activity (mean 3.2,
range 0-11). For example, spasticity was noted to affect 11 differ-
ent activities and pain affected 8.

Conclusion: In this study, participants used many different words
to describe various symptoms. These symptoms converged to
impact functionality in distinct disability dimensions. The impor-
tance of symptom management in MS care is evidenced by the
number of daily activities that are affected by each symptom.
Likewise, the complexity of addressing impairments in daily
activities is increased by the number of symptoms that may be
related to each impairment. Measures of specific performance
dimensions (walking, upper extremity function) are clinically rel-
evant because of the relationship to symptoms and daily
activities.

P218

Relationships between Sleep, Fatigue and Depression Differ
in Pediatric Multiple Sclerosis and Monophasic Demyelinat-
ing Disorders

Dr. E. Ann Yeh, MD, FRCPC!, Ms. Tara Berenbaum, BSc?,
Mrs. Stephanie Grover, MSc!, Dr. Samantha Stephens, PhD!, Dr.
Shelly Weiss, MD, FRCPC! and Dr. Indra Narang, MD, FRCPC!
!The Hospital for Sick Children, Toronto, ON, Canada, *The
Hopsital for Sick Children, Toronto, ON, Canada
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Background: Decreased sleep quality is associated with fatigue
and depression in adults with multiple sclerosis (MS) and other-
wise healthy children. The prevalence of sleep problems in pedi-
atric MS and their relationship with fatigue and depression is not
well studied.

Objectives: (1) To determine the prevalence of sleep abnormali-
ties in MS youth. (2) To examine the relationship between sleep,
fatigue and depression in this group.

Methods: Youth with MS or monophasic demyelination (mono-
ADS) were recruited consecutively from the Neuroinflammatory
Clinic at SickKids (SK), Toronto, Canada. Participants completed
questionnaires: Children’s Sleep Habits Questionnaire (CSHQ),
Child Behavior Checklist Sleep Composite (CBCL), Pediatric
Multidimensional Fatigue Scale (PedsQL) and Center for
Epidemiological Studies Depression Scale (CES-DC). The CSHQ
contains 8 subscales (bedtime resistance, sleep onset delay, sleep
duration, sleep anxiety, night wakings, parasomnias, sleep disor-
dered breathing, daytime sleepiness). Mann-Whitney U tests were
used to analyze differences between scores in the groups and
Spearman’s correlations to examine relationships between sleep,
fatigue and depression. SK ethics approval was obtained.
Results: 77 participants (aged 5-17) were included (MS=30,
mono-ADS=47). 57% of the MS and 55% of the mono-ADS
group reported at least one sleep problem (p=0.91). 24% of the
MS and 25% of the mono-ADS group met the threshold for a
potential sleep disorder (p=0.77). Total sleep scores were not dif-
ferent between the MS and mono-ADS groups (p=0.68). Higher
fatigue (Median(IQR): 22.5(12.5) vs. 12.0(10.0); p=0.004) and
depression (10.5(9.3) vs. 5.0(6.0); p=0.008) were seen in the MS
group than mono-ADS. Total sleep scores positively correlated
with both fatigue (R=0.66, p<0.001) and depression (R=0.73,
p<0.001) in the mono-ADS, but not the MS group. In the mono-
ADS group, 7 CSHQ subscales positively correlated with fatigue
and depression. However, only sleep duration positively corre-
lated with fatigue and depression in the MS group.

Conclusion: Self-reported levels of overall sleep problems were
associated with increased fatigue and depression in mono-ADS,
but not MS. Reasons for this are unclear, but reinforce the role that
ongoing disease activity may play in fatigue and depression in MS
youth. Objective measures of sleep may provide further insight
into the nature of the relationship between sleep, fatigue and
depression in youth with demyelination.

P219

Patient Feedback on MS Mosaic Study’s App Design

Dr. Fletcher L Hartsell, MD MPH! and Prof. Katherine Heller,
PhD?

!Duke University School of Medicine, Durham, NC, ?Duke
University, Durham, NC

Background: How multiple sclerosis (MS) lesions develop, what
determines their extent or location, what symptoms are imposed,
and how severe these symptoms are, depend on complex inter-
plays between genetics, environmental conditions, biorhythms,
medications, and even emotional states. Collecting data that rep-
resents this complexity, and developing the right predictive mod-
els for its analysis, will be absolutely crucial if we are to understand
MS and provide personalized care.

Objectives: We have developed a novel mobile application that
captures a great deal of this data, but its utility relies on the ability
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to keep research subjects engaged in data entry. In this work, we
presented potential users with a demo version of our app and gath-
ered feedback on its utility and design.

Methods: MS Mosaic is a Research Kit-based app designed to cap-
ture data on subjects’ MS symptoms, medications, activity levels,
sleep patterns, and iPhone-based task performance. This data can be
viewed by the user via a graphical dashboard and textual reports,
one of which is aimed at informing their provider. Subjects watched
an 11-minute video demonstration of our mobile application’s
design and features. They then completed an open-ended survey
that captures their impressions about the application’s consent pro-
cess, survey instruments, tasks, data visualizations, and resources.
Responses were analyzed by the statisticians involved in this study.
Results: Seventeen subjects provided their input on app design,
14 (82%) of which were MS patients. More than 70% of responses
were generally favorable within each section of the application.
Favorable responses were seen in the Journal section (100%,
p=0.00005), Dashboard (88%, p=0.0003), Weekly Reports (82%,
p=0.008), Activities section layout (82%, p=0.008), Activities
section tasks (76%, p=0.026), and Learn Section (71%, p=0.072).
Conclusion: The “Learn” section rated most poorly because of a
desire for more features, like a user forum, comparative metrics
between to all users, links to other active research studies, and gen-
eral tips on MS management. Comments on the best received sec-
tion (Journal) suggested offering an open field for general comments
about the day by the primary user or their caregiver. Several subject
suggestions are already built into the application, but were not high-
lighted in the brief demonstration video. Only one respondent dis-
liked the user interface and app behavior overall.

P220

The Patient Derived Ambulation Scale (PDAS): A Single-
Item, Patient-Reported Outcome Measure of Ambulation in
Multiple Sclerosis Patients

Dr. Emily Evans, MD! and Dr. Robert Naismith, MD?
Washington University School of Medicine, Saint Louis, MO,
2Washington University in St. Louis, St. Louis, MO

Background: Quantification of ambulation in clinical practice is
desirable, but the 500 meter walk is not practical. We developed
the Patient Derived Ambulation Scale (PDAS) as a patient
reported outcome measure (PROM), with connection to the
Expanded Disability Status Scale Ambulation Score.

Objectives: Determine the feasibility and validity of a single-item
PROM of ambulation, the PDAS.

Methods: The PDAS will be compared to a number of other
ambulation and lower extremity function tests. These will include
the Walking Speed Test, Multiple Sclerosis Walking Scale 12, the
NeuroQOL Lower Extremity subscale, and the Patient Determined
Disease Steps.

Results: The PDAS was feasible to implement into clinical prac-
tice, requiring seconds of clinician time to review and interpret.
Full analyses will be presented at the meeting with comparisons to
other validated ambulation measures.

Conclusion: The PDAS is a single-item, patient reported outcome
measure that is easy to implement into routine clinical practice
and provides quantifiable information regarding a patient’s ambu-
latory abilities. The PDAS may prove useful for tracking disease
worsening, response to therapy, and identifying patients with pro-
gressive MS.
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Patient Perspectives on the Clinical Definitions and Impact
of Multiple Sclerosis Progression

Dr. Daniel Kantor, MD!, Ms. Jeri Burtchell?, Ms. Kristen Fetty?
and Ms. Katherine Minden*

!Florida Atlantic University, Boca Raton, FL, >HealthiVibe,
LLC, Arlington, VA; Partners in Research, East Palatka, FL,
3Fairmont State University, Fairmont, WV, *Living for a Cure,
Midlothian, VA

Background: In the disease course of multiple sclerosis (MS),
patients may transition from an initial isolated event (clinically
isolated syndrome), through relapsing—remitting MS (RRMS) to
secondary progressive MS (SPMS). There is growing recognition
of the need to understand patient perspectives on MS progression;
however, this understanding is lacking.

Objectives: To obtain personalized insights into patient attitudes
towards MS progression, understanding of clinical definitions and
impact to help improve discussions between healthcare profes-
sionals (HCPs) and patients with MS.

Methods: In-depth, qualitative telephone interviews about MS
progression were conducted with a focused group of patient
authors: KF (RRMS for 1 year), JB (RRMS for 18 years) and KM
(SPMS for 6 years).

Results: Patients reported differing levels of MS progression
awareness. KF understood the importance of lesion activity and
relapses but was unsure what ‘MS progression’ meant, comment-
ing: “I understand it in terms of how the disease will affect me in
the future — how it may limit what I can do”. JB and KM knew
about ‘progression to SPMS’ but were reluctant to discuss it with
their physicians, with JB aware that it would raise difficult ques-
tions about disease management.

MS is classified into four distinct forms: primary progressive
MS, progressive—relapsing MS, RRMS and SPMS (Lublin et al.
Neurology 1996;46:907—11). These classes are widely accepted
by HCPs and play an essential role in treatment. However,
patients may not understand or relate to the terminology. JB
remarked that the different definitions make patients feel “com-
partmentalized”, a point echoed by KM, who stated that terms
were “confusing” and “frustrating”. JB commented: “Putting a
label on disease progression may do more harm than good. For
example, will I still be able to get my treatment?”. KM observed
that while physicians may want to group patients, many people
struggle to relate these terms to their daily lives, saying that
“the classifications do not help me live with the reality of hav-
ing MS”.

Conclusion: Patients with MS may not fully understand ‘disease
progression’ or the different clinical classifications used by HCPs,
and those with RRMS may fear being labeled as having SPMS.
There is a clear need for more patient-friendly language to
describe MS progression and to facilitate HCP—patient discus-
sions about the disease. It may be more appropriate to describe
MS progression in terms of a disease spectrum.

P222

Current Correlations between Disease Modifiers and Symp-
tom Experiences from the MS Mosaic Study

Dr. Fletcher L Hartsell, MD MPH! and Prof. Katherine Heller,
PhD?

http://journals.sagepub.com/home/ms;j

!Duke University School of Medicine, Durham, NC, 2Duke
University, Durham, NC

Background: Nearly every person with multiple sclerosis suffers
from persistent symptoms, but very little is known about whether
these symptoms correlate with their current disease modifier.
Objectives: To evaluate whether membership within MS popula-
tions defined by common symptom experiences is predictive of
current disease modifier use.

Methods: MS Mosaic is a longitudinal study (NCT02845635)
that combines data from a mobile platform with existing biomark-
ers and then utilizes machine learning methods to help reveal a
more comprehensive picture of MS. Continuously collected data
from participants’ daily symptom surveys and medication diaries
is analyzed through a Bayesian generative hierarchical model that
uses a Dirichlet process at a higher level and then represents the
observed data at a lower level, providing a particular patient’s
“symptom-based sub-group” membership and attempts to predict
their current disease modifier use (if any).

Results: Disease subtypes can be discovered by combining the
symptom/medication diaries from the MS Mosaic app and
machine learning clustering methodology.

Conclusion: The ability of these identified “symptom-based sub-
groups” to predict a given patient’s current disease modifier is
described.

P223

Current Correlations between Disease Modifiers and Physi-
ologic Measurements from the MS Mosaic Study

Dr. Fletcher L Hartsell, MD MPH! and Prof. Katherine Heller,
PhD?

!Duke University School of Medicine, Durham, NC, ?Duke
University, Durham, NC

Background: Many people with multiple sclerosis suffer from
mobility impairments or sleep disturbance, but very little is known
about whether these symptoms correlate with their current disease
modifier.

Objectives: To evaluate whether physiologic measurements
of sleep and activity are predictive of current disease modi-
fier use.

Methods: MS Mosaic is a longitudinal study (NCT02845635)
that combines data from a mobile platform with existing bio-
markers and then utilizes machine learning methods to help
reveal a more comprehensive picture of MS. Continuously col-
lected data from participants’ daily symptom surveys, medica-
tion diaries, and mobile sensors is analyzed through a Bayesian
generative hierarchical model that uses a Dirichlet process at a
higher level and then represents the observed data at a lower
level, providing a particular patient’s “physiometry sub-group”
membership and attempts to predict their current disease modi-
fier use (if any).

Results: Disease subtypes can be discovered by combining the
symptom/medications diaries and sensor-based physiometry
measurements from the MS Mosaic app with machine learning
clustering methodology.

Conclusion: The ability of these identified “physiometry sub-
groups” to predict a given patient’s current disease modifier is
described.
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Moving Stronger: Preliminary Results of a 12-Week Group
Exercise Program on Patient-Reported Outcomes

Mr. Lewin Staine!, Dr. Gabriela D Colpo, PhD!, Dr. Natalia P
Rocha, PhD!, Mrs. Lharissa Jacobs, M.Ed., MBAZ, Mrs. Wendy
Strawbridge?, Mr. Matthew Jewell?, Ms. Lissa Giacco, LCSW,
MSCIR3, Dr. Antonio L Teixeira, MD, PhD!, Dr. Nneka L
Ifejika, MD, MPH! and Dr. Leorah Freeman, MD, PhD!
IMcGovern Medical School, UTHealth, Houston, TX, 2YMCA
of Greater Houston, Houston, TX, 3National Multiple Sclerosis
Society - Texas, Houston, TX

Background: Despite the recent expansion of its therapeutic arse-
nal, multiple sclerosis (MS) remains a leading cause of disability.
Exercise has proven to be an effective non-pharmacological
approach to manage deficits, and improve quality of life in people
with MS. Yet, engagement in physical activity remains limited in
the MS community due in part to lack of access to adaptive exer-
cise programs.

Objectives: To assess the safety and impact on patient-reported
outcomes of the Moving Stronger program, a 12-week small
group based exercise program offered at the YMCA, and designed
specifically for people with MS of all ability levels.

Methods: Moving Stronger is a 12-week, multimodal (yoga, aquat-
ics, resistance and aerobic training) exercise program comprised of
twice-weekly supervised sessions led by YMCA instructors, and
available at no cost to participants. Instructors are trained to under-
stand the needs and limitations of people with MS to provide a safe
environment. Each session is outlined with modifications to adapt
to each participant’s level of ability. 11 participants with clinically
definite MS (EDSS=2.5-6.5), enrolled in the Moving Stronger pro-
gram, participated in the present study. Patient-reported outcome
measures included MS Impact Scale 29 (MSIS-29), MS Fatigue
Scale (MFIS) and MS walking scale (MSWS-12).

Results: All outcome measures improved significantly after the
exercise intervention: MSIS-29 (76.18 to 59.18, p=0.002), MFIS
(39.90 to 26.09, p=0.0004) and MSWS (41.38 to 36.60, p=0.026).
No severe adverse events were reported.

Conclusion: Our preliminary results suggest that the Moving
Stronger program is safe and may improve participants’ percep-
tion of their mobility, fatigue, and symptoms. This Moving
Stronger program is uniquely scalable and has the potential to
become an integral component of the MS care paradigm.

P225

The Advanced Practice Provider (APP) Workforce and MS
Patient Care

Dr. Michael T Halpern, MD, PhD, MPH!, Dr. Heather Kane,
PhD, MAZ2, Mr. Alexander Rabre, MPH, MS, CHES? and Ms.
Chloe McIntosh, BA2

!Temple University College of Public Health, Philadelphia, PA,
2RTI International, Durham, NC

Background: Recent research suggests that shortages among
neurologists who provide care for individuals with multiple
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sclerosis (MS) may worsen over the next decade. Integrating
advanced practice providers (APPs, i.e., Nurse Practitioners [NPs]
and Physician Assistants [PAs]) in collaborative multidisciplinary
teams to support MS patient disease management may address
neurologist shortages and ensure that patients continue to receive
high-quality comprehensive care. However, little is known about
the role of APPs in MS care.

Objectives: This presentation details the roles APPs currently
play in MS patient care, the reasons for and barriers to focusing on
MS care experienced by APPs, and their career satisfaction.
Methods: From November 2016-April 2017, the study team
administered 2 web-based surveys, one for NPs and one for PAs.
Recruitment occurred via professional society listservs/email
blasts and via direct email using a proprietary database. A total of
215 NPs and 395 PAs completed the surveys.

Results: The survey assessed whether APPs provide persons with
MS with any of 11 clinical services, including direct care services
(obtaining histories and performing exams, performing diagnostic
studies, diagnosing conditions, providing therapeutics), support-
ive services (managing symptomatic care, providing social sup-
port to patients and families, counseling/educating patients and
families), and care coordination (making referrals, coordinating
care, addressing unmet needs). Among NPs and PAs who see or
manage care for individuals with MS, 92.5% and 77.8%, respec-
tively, provide at least 9 of the 11 services. The most common
reason specified for focusing on MS care was working with a
unique and challenging population (91% of NPs, 80% PAs).
Barriers to providing MS care included lack of knowledge and
patient comorbidities. APPs report high satisfaction with relation-
ship with patients (90.2% NPs 85.8% PAs are very or extremely
satisfied), colleagues (80.3% NPs, 78.5% PAs), clinical focus
(79.9% NPs, 75.8% PAs), and careers (78.3% NPs, 80.1% PAs).
Conclusion: APPs already provide a comprehensive range of ser-
vices to individuals with MS and can complement the MS physi-
cian workforce. These practitioners express high levels of
satisfaction with multiple aspects of their careers, which suggests
that provision of MS care is a fulfilling career goal. These findings
suggest that the APP workforce will be critical to addressing MS
physician shortages. This study was supported by the National
MS Society.

P226

Differences in MS Care By Practice Site

Dr. Michael T Halpern, MD, PhD, MPH

Temple University College of Public Health, Philadelphia, PA

Background: Individuals with multiple sclerosis (MS) receive
medical care in different practice settings, including MS centers,
neurology practice, and primary care practices. However, little
information is available on differences in characteristics of patient
populations receiving care at each of these setting or the types of
care received.

Objectives: This study examined differences in characteristics
and quality of care for individuals with MS seen at MS centers,
neurology practices, or primary care practices.

Methods: We analyzed data from the Sonya Slifka Longitudinal
Multiple Sclerosis Study (funded by the National MS Society) to
examine differences in sociodemographic and clinical characteris-
tics, symptoms, and care received among individuals with MS at
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MS center, neurology practices, and primary care practices. The
study included 376 individuals who indicated that they receive
MS care at MS centers, 552 at neurology practices, and 55 at pri-
mary care practices. Bivariate and multivariable analyses were
performed in SAS.

Results: Comparing individuals receiving care at MS centers vs.
neurology practices, there were no significant differences in sex,
age, race/ethnicity, education, or income. Those seen at MS centers
were significantly less likely to have private insurance or Medicare
coverage vs. Medicaid coverage or being uninsured (86% at MS
centers vs. 91% at neurology practices, p<0.01). There were no
significant differences in clinical characteristics or resource utili-
zation rates; however, those receiving care at MS center were sig-
nificantly more likely to receive disease modifying therapies
(DMTs, 84% vs. 79% at neurology practices, p<0.05). Compared
with those treated at MS centers, individuals receiving MS care at
primary care practices had lower socioeconomic status, lower rates
of private insurance, greater duration of illness, and were more
likely to report MS symptoms or poor health. They were also less
likely to receive DMTs (51% vs. 84% at MS centers).
Conclusion: Individuals receiving care at MS centers and outpa-
tient neurology practices had similar characteristics and rates of
care, although those at MS centers were less likely to have private
insurance, which may result in lower reimbursement for MS care.
Greater rates of MS symptoms and decreased use of DMTs among
individuals treated in primary care practices suggests opportuni-
ties for outreach to primary care physicians, to provide consulta-
tions for MS patients they follow. This study was funded by the
National MS Society.

P227

Development of a Web-Based Fall Prevention Program for
People with Multiple Sclerosis

Dr. Meena R Kannan, MD!, Dr. Michelle H Cameron, MD, PT,
MCR? and Ms. Cinda L Hugos, MS?

!The Ohio State University, Columbus, OH, °VA Portland Health
Care System, Portland, OR

Background: More than half of people with multiple sclerosis
(PwMS) report falling at least once every 3-6 months and over
one-third report multiple falls in this time frame (1, 2). Currently
there is no accepted standard of care for fall prevention in PwMS.
Several approaches are used and have been studied including
physical therapy, group exercise, and fall prevention education
(3,4), but all of these have limitations in efficacy and implementa-
tion. Free From Falls (FFF), is a group based exercise and educa-
tion fall prevention program for PwMS, developed by the National
MS Society (NMSS). FFF consists of eight 2-hour instructor-led
group sessions. Each session is comprised of about an hour of
didactics and discussion, with accompanying power point slides
and a handbook, and about an hour of exercise. Although FFF has
shown promise, with suggestions of improvements in mobility,
balance and balance confidence (5), access to the FFF program is
limited to those who can attend a class at a given time and location
and by the cost and availability of trained facilitators. We there-
fore developed a web-based version of FFF to improve access to
this comprehensive MS fall prevention program.

Methods: We developed Free From Falls Online by adapting the
original FFF program into a web-based format using Wix. We
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presented educational material as webinars with supplementary,
downloadable reading material. The exercise component was
adapted into a narrated video with persons of varying levels of
disability demonstrating the exercises. The exercises are designed
to improve balance and postural control. To address MS-specific
barriers to internet use, such as low contrast, small font, cluttering
of content and poor navigational design, we ensured the content
was clearly displayed with an adapted layout that included acces-
sibility features to help participants navigate the site.

Results: The web-based FFF program consists of eight narrated
30-minute webinars and one hour-long exercise video. The pro-
gram is hosted on the NMSS website and is freely available to the
public. We are evaluating its adoption, adherence, and efficacy for
fall prevention in a pilot randomized controlled trial.
Conclusion: Comprehensive fall prevention programs can be
delivered online to address limitations in access. Web-based
delivery has the potential to increase access to these programs at
relatively low cost to a much wider audience. The adoption,
adherence, efficacy and effectiveness of online delivery require
further study.

P228

Engaging Multiple Stakeholder Groups in the Development
of Standards for Multiple Sclerosis Care: A Modified Delphi
Process

Prof. Jeremy Hobart!, Ms. Amy Bowen?2, Dr. Lucy Eberhard?,
Mr. George Pepper* and Prof. Gavin Giovannoni*

!Plymouth University Peninsula Schools of Medicine and
Dentistry, Plymouth, United Kingdom, >NHS RightCare, London,
United Kingdom, 3Oxford PharmaGenesis, Oxford, United
Kingdom, Shift MS, Leeds, United Kingdom, >Queen Mary
University of London, Blizard Institute, Barts and The London
School of Medicine and Dentistry, London, United Kingdom

Background: Recommendations for improving multiple sclerosis
(MS) care were presented in the widely endorsed report Brain
health: time matters in multiple sclerosis.!

Objectives: We aim to engage multiple stakeholder groups in defining
standards for MS care, derived from the report. The standards will
address the timing of key steps in the MS care pathway and could
inform the content of tools to help established and developing MS
services in different countries strive for the highest level of care.
Methods: A Delphi process is a structured technique for gaining
consensus among experts. An international Delphi Consensus
Panel of MS neurologists is taking part in online surveys to agree
and define the MS care standards. In addition, a 31-member
Reviewing Group of MS nurses, people with MS and allied
healthcare professionals is reviewing summaries of the Delphi
Panel responses and providing feedback to 4 Chairs.

Consensus will be reached if at least 66% of round 1 Delphi Panel
participants take part in the final round and reach 75% agreement
or higher.

Results: In round 1, the Delphi Panel (n = 27) reviewed 21 prin-
ciples. Over 75% agreed that each principle was an appropriate
and accurate description of a good standard when considering
brain health in people with MS; those who disagreed provided
explanations. Three principles gained 100% (27/27) agreement:
‘Evaluation of suitability/eligibility for treatment shortly after MS
diagnosis’, ‘Early discussion with patient about the aims of
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treatment’ and ‘Regular review of the aims of treatment’. The
Reviewing Group reviewed these responses and commented. The
Chairs then defined variables based on the principles and feed-
back received.

In subsequent rounds, neurologists assigned ‘core’, ‘achievable’
and ‘aspirational’ time frames (to reflect a minimum, good and
high standard of care, respectively) to the variables. In the final
round, neurologists have been asked if they agree with standards
based on these results. The Reviewing Group will be asked if
these standards are ambitious enough. The Delphi process is due
to finish in September 2017.

Conclusion: A modified Delphi process has engaged MS neurol-
ogists, MS nurses, allied healthcare professionals and people with
MS in the development of international standards for MS care.
The final standards will form the basis of tools for potential use by
multiple stakeholders to improve care in MS.

P229

Dynamic Stability during Long Walks in People with Mul-
tiple Sclerosis

Dr. Ishu Arpan, PhD, Dr. Peter Fino, PhD and Dr. Fay B Horak,
PhD,

Oregon Health & Science University, Portland, OR

Background: Approximately 70-90% of people with multiple
sclerosis (PwMS) experience difficulties in initiating and sustain-
ing physical activities (motor fatigue) during daily life.
Importantly, motor fatigue can act as an intrinsic risk factor for
falls in PwWMS by adversely affecting dynamic stability during
walking. The effects of motor fatigue on dynamic stability during
long walks haven’t been investigated in PWMS.

Objectives: To investigate the impact of motor fatigue on dynamic
stability in PwMS.

Methods: 17 PwMS and 8 healthy controls (HC) participated in a
fast six-minute walk test (6MWT) wearing six-wireless inertial
sensors. The prevalence of motor fatigue was documented by the
distance walked index (DWI ,), calculated as a percentage change
in distance from minute (min) 1 to 6 (DWI ). The local dynamic
stability was quantified by maximum finite-time Lyapunov expo-
nents (Ag) where larger Ag indicates less stable dynamics. Ag values
were calculated for each min of walking and the percent change in
Ag from min 1 to 6 was calculated (Dynamic Stability Index, DSI_
1)- Between-group differences in DWI,_; and DSI | were assessed
using independent t-tests. Pearson correlation coefficients com-
pared the association between DWI,_; and DSI¢ ;. Post-hoc com-
parisons examined how Ag changed over time across groups using
t-tests corrected for multiple comparisons.

Results: PWMS demonstrated greater decline in distance during
the 6MWT than HC (DWI,=-4.9£1.6 vs. -0.3+1.7; p=0.01).
Similarly, DSI,_, was different across two groups (PwMS=6.4+4.0,
HC=-14.9+2.7; p=0.001). DWI, , and DSI, , were significantly
correlated in MS (r=-0.54), where greater decline in walking dis-
tance (motor fatigue) was associated with increases in Ag (decline
in stability). PWMS did not have different stability than HC until
min 4 (p=0.004), and differences persisted at min 6 (p=0.03).
Conclusion: PwMS decelerated more than HC, demonstrating
higher motor fatigue during the 6MWT. Similarly, DSI,, was
larger in MS and this change in stability was negatively related to
DWI,_,. Combined, these results illustrate that with increased

Multiple Sclerosis Journal 2018;24: (SI) 11-117

motor fatigue, there was decreased dynamic stability in PwMS.
Future intervention studies targeting motor fatigue should focus
on improving dynamic stability during physical activities. Finally,
the differences in stability were only apparent after 4 min of walk-
ing. This presents strong rationale for the use of longer walks in
PwMS as shorter walking tests are unlikely to capture changes in
dynamic stability.

P230

Adherence Facilitates OQutcomes in Patients on Interferon
Beta-1b

Dr. Regina Berkovich, MD, PhD!, Dr. Daniel M Togasaki, MD,
PhD? and Dr. Mark Rametta, DO3

1University of Southern California, Keck School of Medicine, Los
Angeles, CA, 2University of Southern California, Los Angeles,
CA, 3Bayer HealthCare Pharmaceuticals, Whippany, NJ

Background: Patients with multiple sclerosis (MS) may be
treated with any one of many first-line disease modifying thera-
pies (DMTs) until disease severity necessitates a switch to second-
line treatment. No evidence of disease activity (NEDA) status, an
outcome defined by the absence of relapses, disability progres-
sion, and MRI activity, can be considered a treatment goal across
lines of therapy but also may affect the decision to switch to sec-
ond line. While NEDA is difficult to achieve in a clinical study, it
can be reached in individual patients.

Objectives: To describe the incidence of NEDA in a cohort of
patients with MS treated with first-line interferon beta-1b
Methods: Patients with MS treated by a single provider (RB)
from the Keck School of Medicine of USC who received treat-
ment with interferon beta-1b for >1 year were retrospectively
assessed for outcomes, adherence, and DMT choices. Interferon
beta-1b had been prescribed for these patients based on specific
criteria: all patients had >1 spinal lesion in addition to brain
lesions at baseline (suggestive of expansive inflammatory dis-
ease), but patients with symptoms of major depressive disorder,
a past suicide attempt, or comorbid autoimmune conditions
were excluded. The importance of good adherence was rein-
forced on a regular basis by asking patients how many injec-
tions they had missed and reviewing imaging findings with
patients.

Results: 41 patients were included, all of whom incidentally were
currently employed, had completed higher education, and had suf-
ficient family support. At the time of the analysis, 31 patients
(75.6%) were undergoing treatment with interferon beta-1b (mean
[SD] time on treatment: 7.3 [4.4] years) and 90.2% were consid-
ered adherent with therapy (defined as missing <10% of pre-
scribed injections). Thirty-seven patients (90.2%) were
relapse-free at the time of the analysis. Only 1 patient (2.4%)
developed new spinal cord lesions, while 12 patients (29.3%) had
spinal lesions that either decreased in size or were undetectable at
last follow up. Median EDSS was 2.0 (mean [SD] change in
EDSS score from baseline, -0.82 [1.0]). Thirty-six patients
(87.8%) had NEDA.

Conclusion: The results of this retrospective analysis indicated
that patients who were motivated to remain adherent with therapy
had generally favorable outcomes while on interferon beta-1b
treatment, including low rates of relapse, little or no change in
disability, favorable MRI outcomes, and high rates of NEDA.
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Medication Management Strategies for Patients with Mul-
tiple Sclerosis-Related Cognitive Symptoms

Dr. Ashley Uyeshiro Simon, OTD, OTR/L, MSCS and Dr.
Rebecca Cunningham, OTD, OTR/L

University of Southern California, Los Angeles, CA

Background: Cognitive symptoms are experienced by approxi-
mately 43%-65% of people living with Multiple Sclerosis (MS).
These symptoms can include memory difficulties, executive func-
tioning and problem-solving deficits, and other areas of cognition,
and can affect any area of daily life and functioning including
driving, meal preparation, home management, and self-care.
Medication management is an important Instrumental Activity of
Daily Living (IADL) skill that occupational therapists (OTs)
address in clinical treatment, and is an important functional daily
activity, particularly for those living with MS. Poor medication
timing, incorrect doses, medication disorganization, and under- or
over-medication are some of the problems that can result due to
cognitive deficits, and that have the potential to influence the
patient’s treatment plan and long-term course of disease.
Objectives: Describe OT intervention strategies for improved
medication management in patients with MS, and provide a
descriptive case study with clinical outcomes to demonstrate how
some of these strategies can be applied clinically.

Methods: OT interventions that can be utilized to improve an
individual’s ability to engage in the IADL of medication manage-
ment include compensatory cognitive strategies, safety assess-
ment, adaptive equipment assessment and training, schedule
development, environmental cues, and organization skill develop-
ment. The descriptive case study will highlight the use of compen-
satory cognitive strategies, environmental cues, organization skill
development, time management tools, and adaptive equipment
based interventions with an individual living with MS who dem-
onstrated cognitive deficits that challenged the ability to adhere to
a medication regimen. Outcome measures utilized were the
Canadian Occupational Performance Measure (COPM), Multiple
Sclerosis Quality of Life Inventory (MSQLI), RAND Short Form-
36 (RAND SF-36), and the Montreal Cognitive Assessment
(MOCA).

Results: Pre-intervention outcome measures have been collected
for the case study patient, and post-intervention outcome meas-
ures will be collected upon re-assessment and discharge from OT
services, and reported at the conference.

Conclusion: This case study highlights the methodology and
strategies OTs can utilize to address medication management
IADL routines with individuals living with MS who experience
cognitive symptoms and deficits, and demonstrates the benefits
of OT interventions in improving adherence to a medication
regimen.
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Integrative Evaluation of Mexican People with Multiple Scle-
rosis

Ms. Ana L. Hernandez-Ledesma, MD!, Dr. Adriana Jheny
Rodriguez-Méndez, PhD!, Ms. Jocelyn Moreno-Camacho,
Degree in Biotechnology!, Mr. Gerardo Trejo-Cruz, MD!, Dr.
Lilia Susana Gallardo-Vidal, MD?, Ms. Julia Maria Alatorre-
Cruz, MD! and Dr. Maria Elena VIllagran-Herrera, PhD!
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!Universidad Autonoma de Querétaro, Santiago de Querétaro,
Mexico, 2Unidad de Medicina Familiar N° 13 Instituto Mexicano
del Seguro Social, Santiago de Querétaro, Mexico

Background: Multiple Sclerosis (MS) prevalence has increased
in México in the last 50 years, from 1.6 to 15 cases per 100,000
habitants. Still, there is only scarce information concerning this
patient.

Objectives: Realize an integrative evaluation of Mexican people
with MS.

Methods: For psycho-social factors World Health Organization
Quality of Life Questionnaire (WHOQOL), Beck Depression
Inventory II (BDI), Beck Anxiety Inventory (BAI) and other tests
were applied. Cognitive impairment (CI) was assessed using
Mini-Mental State Examination (MMSE) and Montreal Cognitive
Assessment (MoCA). Chemistry panel and complete blood count
were performed. Serum vitamin D (VD), interleukins (IL) 1p and
17 were assessed by enzyme-linked immunosorbent assay
(ELISA). Bone mineral density (BMD) was assessed by a DXA
equipment.

Results: 24 patients were evaluated. We obtained a mean relapse
rate of 0.88 per year, which correlate with triglycerides (p=0.000),
very low density lipoprotein (VLDL) (p=0.000) and neutrophils
(»p=0.005). Anxiety and depression symptoms were observed in
19 and 9 patients, respectively; both correlate with WHOQOL and
MoCA domains. CI was observed in 2 and 21 patients according
to MMSE and MoCA, respectively. MMSE correlate significantly
with glucose (p=0.03), urea (p=0.015) and IL17 (p=0.044).
MoCA significantly with quality of life (QoL), BAI (p=0.035),
IL1B (p=0.038), low density lipoprotein (p=0.036) (LDL) and
cholesterol (p=0.039). 12 participants presented osteoporosis, 3
osteopenia and 9 were healthy. Femur regions BMD correlate
with evolution time. VD deficiency (<30ng/ml) was found in
100% of participants. VD concentration is explained, in an ordi-
nary least squares regression (R2=0.727, p=0.0001): by femur
diagnosis (£=0.706; p=0.002), femur neck diagnosis (f=-0.451;
p=0.027), physical health ($=0.327; p=0.023), monocytes (f=-
0.425; p=0.023) and MoCA’s denomination domain (5=0.341;
p=0.025). IL17 concentration is explained (R2=0.845, p=0.0001)
by uric acid (=0.777; p=0.0001) and MoCA orientation (f=-
0.260; p=0.012). For an increase of a pg in IL17 uric acid rises
0.55 mg/dl.

Conclusion: We observed important correlations between evalu-
ated variables in our population. It is important to propose an
interdisciplinary evaluation of MS patients which will provide the
necessary tools for the patient to confront adequately the diagno-
sis and MS evolution, improving their QoL.

Remyelination

P233

Targeting Innate Immunity in Multiple Sclerosis: Inducing
TLR2 Tolerance Both Enhances Remyelination and Inhibits
Immune-Mediated Inflammation in MS

Mr. Nicholas ] Wasko, Ms. Emily J Anstadt, Dr. Mai Fujiwara,
Mr. Stephen T Yeung, Dr. Frank C Nichols, DDS, PhD and Dr.
Robert B Clark, MD,

University of Connecticut Health Center, Farmington, CT
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Background: Multiple sclerosis (MS) is a central nervous system
(CNS) autoimmune disease characterized by both inflammatory
demyelination and impaired remyelination. The remyelination
defect in MS remains poorly understood and generally unamena-
ble to treatment. Recent studies indicate that toll-like receptor 2
(TLR2) contributes to both the inflammatory component and the
defective remyelination in MS. While most MS therapeutic
modalities target the adaptive immune system, we recently
reported that inducing TLR2 tolerance in the innate immune sys-
tem by administering low dose TLR ligands attenuates adoptively
transferred EAE. These findings, together with previous evidence
that TLR2 signaling plays a role in inhibiting myelin repair, now
suggest that inducing systemic TLR2 tolerance may represent a
novel approach for both attenuating the inflammatory component
and improving remyelination in MS.

Objectives: To assess the effect of TLR2 tolerance induction on
CNS myelin repair.

Methods: Chow containing 0.2% cuprizone was fed to C57BL/6
mice for 5 weeks to induce demyelination. During the 2 week
period of remyelination following discontinuation of cuprizone,
systemic TLR2 tolerance was induced by administering very low
dose TLR2 ligands. Controls were treated with vehicle control
(VQO). After the 2 week remyelination period, evaluation of remy-
elination included Black-Gold staining and electron microscopy
(EM) measurements of myelinated fiber frequency and g-ratios.
Results: The induction of TLR2 tolerance during the period of
remyelination significantly enhanced myelin recovery, restoring
myelinated axon frequency to baseline levels (30% unmyelinated)
compared to VC (60% unmyelinated; p<0.0001). Moreover, mye-
lin thickness measurements demonstrated that TLR2 tolerance
induction also significantly improved remyelination, restoring
g-ratios to baseline levels (0.71) compared to VC (0.76; p<0.001).
Conclusion: Our results indicate that inducing TLR2 tolerance
significantly enhances myelin repair in addition to attenuating the
inflammatory component of MS. Questions presently being
addressed include whether the enhancement in remyelination is
mediated through the innate immune system and/or directly
through an effect on oligodendrocyte maturation. The novel thera-
peutic approach of inducing TLR2 tolerance via administration of
very low dose TLR2 ligands may represent a two-pronged
approach for treating both the inflammatory and myelin repair
components of MS.

P234

Increase in Chemokine CXCL1 with Therapeutic Erp Ligand
Treatment Leads to an Increase in Axon Myelination in a
Mouse Model of Multiple Sclerosis

Ms. Hawra Karim, MS!, Dr. Norio Yasui, PhD?, Dr. Sung Hoon
Kim, PhD?, Prof. John Katzenellenbogen, PhD? and Prof. Seema
K. Tiwari-Woodruff, PhD3

ISchool of Medicine at UC-Riverside, Riverside, CA, ?University
of Hllinois at Urbana-Champaign, Urbana, IL, 3University of
California, Riverside, Riverside, CA

Background: Estrogen receptor  (ERp) ligands have been shown
to induce remyelination in different mouse models of multiple
sclerosis (MS). Recent work using chronic myelin oligodendro-
cyte glycoprotein experimental autoimmune encephalomyelitis
(MOG-EAE), has shown that different ERp ligands (diarylpropi-
onitrile (DPN), Chloroindazole (IndCl), WAY 202041 (WAY)) all
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demonstrate remyelination, but show differential immune effects
in the periphery during late stage EAE.

Objectives: Here, we wanted to investigate a potential common
immunomodulatory link during peak disease that could explain
the neuroprotective effect of ERP ligands

Methods: Peripheral cytokine analysis, flow cytometry, and
immunohistochemistry were performed on vehicle-treated, pro-
phylactic 17p-estradiol (E2) treated and therapeutic ERp ligand
(Ind-Cl, and WAY 202041 and DPN) age matched female
C57BL/6 MOG-EAE mice.

Results: Therapeutic ERf ligand treatment, although had no sig-
nificant effect early in EAE disease (before day 21 post induc-
tion), was protective later in disease (after day 21 post induction).
IndCl treatment showed the greatest reduction on oligodendro-
cyte (OL) toxic interferon gamma (IFNy) and enhanced
chemokine C-X-C motif ligand 1 (CXCL1) intensity on astro-
cytes in thoracic spinal cord white matter tracts. CXCL1 has been
shown to stimulate OPC migration, proliferation, and differentia-
tion, suggesting a potential mechanism of action for IndCl medi-
ated remyelination in the CNS. In addition, immunohistochemistry
revealed that all tested ER ligands studied promoted remyelina-
tion in the CNS of EAE mice despite massive CNS immune cell
accumulation.

Conclusion: The present study indicates an intricate interplay
between the peripheral and central immune systems that seems to
be responsible for the remyelinating effects of ERp ligand treat-
ment during peak EAE disease. The results offer new possibilities
for combination therapy to achieve functional recovery from MS
disease. More studies including conditional gene knockouts will
be needed to address the relationship between immune modula-
tion and neuroprotection by ERp ligands.
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Novel Estrogen Receptor-B Ligands Induce Oligodendrocyte
Survival, Differentiation, and Remyelination in Mouse Mod-
els of Multiple Sclerosis

Ms. Hawra Karim, MS!, Dr. Kelli Lauderdale, PhD!, Mrs.

Hana Yamate-Morgan, BS!, Mr. Jonnathan Hasselmann, BS!,
Dr. Norio Yasui, PhD?, Dr. Sung Hoon Kim, PhD?, Prof. John
Katzenellenbogen, PhD? and Prof. Seema K. Tiwari-Woodruff,
PhD3

1School of Medicine at UC-Riverside, Riverside, CA, 2University
of Illinois at Urbana-Champaign, Urbana, IL, 3University of
California, Riverside, Riverside, CA

Background: Current therapeutics reduce relapse rates in multi-
ple sclerosis (MS) patients, but fail to reverse or prevent neurode-
generation or initiate repair/remyelination. We have been
investigating the clinical potential of estrogens in different mouse
models of MS and have recently shown the superior therapeutic
effects of a highly selective estrogen receptor ligand B (ERP),
chloroindazole (Ind-Cl) in promoting axon remyelination.
Therapeutic administration of Ind-Cl during peak disease induced
areversal in motor deficit and ameliorated clinical scores. In addi-
tion, there was substantial improvement in callosal conduction
accompanied by improved callosal and optic nerve myelination
and an increase in mature oligodendrocytes (OL). Furthermore,
Ind-Cl also included a decrease in peripheral Th1 cytokines and T
cell numbers in the CNS of experimental autoimmune encephalo-
myelitis (EAE) mice.
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Objectives: These promising results with Ind-Cl prompted us to
develop novel analogues of (STW1 and STW2 Ind-Cl derivatives)
Ind-Cl for pre-clinical development.

Methods: Primary oligodendrocyte (OL) progenitor (OPC) cul-
tures were used to screen for OPC proliferation and OL differen-
tiation effects. Two superior analogues that induced increased
OPC proliferation and differentiation were further tested in EAE
mice groups (8-week-old female C57Bl/6) and compared with
vehicle-treated and normal mice. Rotarod behavior, callosal con-
duction recordings, cytokine/chemokine analysis, and immuno-
histochemistry was performed.

Results: Two Ind-Cl analogues (STW1 and STW2 Ind-Cl deriva-
tives) increased proliferation of OL progenitors (OPC) in primary
cell culture, decreased EAE clinical disease, improved rotarod
performance, and improved callosal axon conduction similar to
Ind-Cl. Cytokine and chemokine analysis showed a significant
increase in KC (CXCL1) chemokine levels in all ERp ligands
tested. KC stimulates OPC proliferation, migration arrest and OL
differentiation.

Conclusion: These data suggest that ERPB ligands, including
Ind-Cl and analogues, induce increases in various chemokines and
growth factors and may be responsible for survival of OLS and
the remyelinating effects seen during EAE. Our future goals are to
study the effects of these analogues longitudinally and proceed
with toxicity studies for use in future MS clinical trials.
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A Novel In Vivo Screen for Oligodendrocyte Differentiation
and Myelination

Dr. Wendy B. Macklin, Ph.D.! and Dr. Marnie Preston, Ph.D.2
"University of Colorado, Aurora, CO, ?University of Colorado
School of Medicine, Aurora, CO

Background: Repair of demyelinated axons is a major goal of
current multiple sclerosis research, and diverse approaches to
identifying remyelinative therapies are being developed. Zebrafish
(Danio rerio) is very useful for drug screening, as its genome,
pharmacology and drug metabolism are well conserved relative to
humans. It is ideal for rapid analysis of the impact of different
signaling pathways on myelination, given its transparent embryos
and rapid ex utero development. We have studied the Akt/mTOR
pathway as an important driver of oligodendrocyte differentiation
and myelination, and when zebrafish are exposed to modulators of
the mTOR or other pathways that can induce myelination, many
elements of myelination can be rapidly quantified, including cell
number, cell migration, cell proliferation, myelin internode num-
ber, or internode length.

Objectives: One approach to identify targets to enhance myelina-
tion is high throughput screening of small molecule libraries,
where a large number of potential drugs that can be screened.
However, structure-activity relationship analysis often suggests
the need to modify hits from such screens for optimal activity and/
or delivery to the brain. We have developed a medium throughput
screen to identify putative remyelinating drugs in an in vivo con-
text, using a transgenic zebrafish model, where a targeted library
or a library of chemically modified derivatives of lead compounds
from a high throughput screen can be rapidly screened.

Methods: The zebrafish myelin protein zero (mpz) promoter,
which is sensitive to many of the classically identified myelina-
tion inducers, was used to drive expression of membrane-bound
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enhanced green fluorescent (EGFP) protein. Imaging allowed
quantification of oligodendrocyte cell number, differentiation,
and length and number of myelin internodes. Given that the EGFP
is membrane bound, this line allows quantification of altered pro-
moter activity and altered membrane accumulation. Using live
zebrafish allows immediate assessment of toxicity in the whole
animal.

Results: GCl1, a thyroid hormone receptor agonist, significantly
increased mpz promoter activity. Transgenic zebrafish are well
suited to establish the details of the drug’s pro-myelinating effects,
and our studies demonstrate that GC1 increases myelin internode
length and number and myelin RNA levels.

Conclusion: This novel in vivo zebrafish screen is currently in
use, screening pathway-specific libraries for new drugs to enhance
myelination.
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Role of 5-Lipoxygenase Activity in Primary Myelination

Mr. Jaykumar J Bhatt, B.A. /B.S.!2, Dr. Hong Qiu, MD, Ph.D',
Mr. Alan Nguyen, B.S.12, Ms. Pamela Yao, B.S.!, Ms. Sofia
Caryotakis!, Mr. David LaGory, B.S.3, Dr. Jie Xu, Ph.D!, Dr.
Paul Kennedy, Ph.D3, Dr. Peter Bannerman, Ph.D' and Dr.
Athena M Soulika, Ph.D!:2

IShriners Hospital for Children, Sacramento, CA, ?UC Davis
School of Medicine, Sacramento, CA, 3Cayman Chemical, Ann
Arbor, MI

Background: Remyelination failure in multiple sclerosis (MS) is
associated with severe disability and disease progression. The
mechanisms governing myelination, and remyelination are multi-
ple and not all have been identified. Here, we propose a novel and
previously unrecognized mechanism mediated by 5-lipoxygenase
(5-LO) activity within the central nervous system (CNS). 5-LO is
the rate-limiting enzyme for the synthesis of leukotrienes (LTs), a
group of lipid mediators currently known for their potent immune
modulating functions. Our data suggest that 5-LO is also active
within the normal CNS and that LT-evoked mechanisms control
myelination.

Objectives: To define the effect of 5-LO activity on primary mye-
lination in normal CNS.

Methods: mRNA and protein levels of 5-LO pathway mem-
bers were determined in the developing adult mouse CNS by
qPCR and Western blot, respectively. 5-LO cellular localiza-
tion was visualized by immunohistochemistry (IHC). LT levels
in tissues were determined by liquid chromatography-mass
spectrometry (LC-MS/MS) and in oligodendrocyte lineage cell
(OLC) cultures by a commercially available leukotriene detec-
tion kit (Cayman Chemicals). Myelination patterns were iden-
tified by examining CNS tissues of 5-LO knockout (5-LOKO)
and wildtype (WT) mice by transmission electron microscopy
(TEM).

Results: mRNA of genes encoding for 5-LO pathway associated
proteins were present both in the developing and adult CNS.
Protein levels paralleled mRNA results. 5-LO immunoreactivity
was detected prominently in CC1+ oligodendrocytes and infre-
quently in other glial cells and neurons in the normal CNS.
Moreover, we detected LT production in the normal CNS and in
purified OLC cultures. TEM analysis showed that the CNS of
5-LOKO mice exhibited earlier myelination and thicker myelin
sheaths as compared to WT controls.
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Conclusion: Our data suggests there is a functional association
between 5-LO activity and myelination. Detection of 5-LO in oli-
godendrocytes implies that 5-LO exerts its effects in a cell spe-
cific manner. Our findings suggest that 5-LO activity may be a
promising target for future therapies that promote remyelination
in demyelinating diseases.
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Ensheathment of Synthetic Nanofibers By Postnatal Rat Oli-
godendrocyte Precursor Cells Is Enhanced By RNS60

Dr. Vijayaraghava TS Rao, Ph. D!, Dr. Qiao-Ling Cui, Ph. D!,
Mr. Yu Kang Xu!, Mr. Shih-Chieh Fuh!, Dr. Supurna Ghosh, Ph.
D2, Dr. Timothy E Kennedy, Ph. D3 and Dr. Jack P Antel, MD*
!Montreal Neurological Institute, McGILL University, Montreal,
OC, Canada, *Revalesio Corporation, Tacoma, WA, 3Montreal
Neurological Institute, McGill University, Montreal, QC,
Canada, *McGill University, Montreal Neurological Institute,
Montreal, QC, Canada

Background: RNS60 is an experimental therapeutic that contains
charge stabilized oxygen nanobubbles generated using the modi-
fied Taylor-Couette-Poiseuille flow under elevated oxygen pres-
sure. It is currently in early stages of clinical trials for the treatment
of multiple sclerosis (MS). Although RNS60 is known for its
immunomodulatory activity (Khasnavis, 2012 and Mondal,
2012), this product has also been shown to have direct effects on
the cells of the central nervous system (CNS). RNS60 enhances
transmission at giant squid synapse by increasing ATP synthesis
(Choi 2014). Further, our earlier work using rat postnatal brain
derived oligodendrocytes (OLs) has shown RNS60 to increase
spare glycolytic capacity and spare respiratory capacity under
optimal and metabolic stress conditions respectively (Rao, 2016).
Our current study aims to assess the effect of RNS60 on ensheath-
ment of nanofibers by OLs.

Objectives: To quantify the effects of RNS60 on the ensheath-
ment of nanofibers by rat postnatal OL precursor cells (OPCs)
Methods: Rat postnatal brain derived OLs were collected follow-
ing a standard shake-off procedure from mixed glial cultures
(McCarthy and de Vellis, 1980). Cells were plated in laminin
coated nanofibers chamber slides (Sigma - Z694576) and grown
in DMEM-F12 medium supplemented with N1. 10% (v/v) RNS60
was applied once on the third day after the culture initiation. Cells
were fixed and immunostained for O4 and myelin basic protein
(MBP) on the seventh day for imaging.

Results: We detected an increase in the proportion of O4+
ensheathing cells out of the total number of O4 expressing cells in
the RNS60 treatment condition compared to controls. In addition,
RNS60 substantially increased the number of ensheathing pro-
cesses per cell. At the time point we analyzed, MBP expression
was mostly restricted to cell body; in more prolonged cultures,
MBP was expressed in cell processes.

Conclusion: The observation that RNS60 promotes the ensheath-
ment of nanofibers by rat postnatal OPCs is an initial step in defin-
ing its capacity to promote remyelination in MS.
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Targeting EAE-Induced Demyelination and Axonal Pathol-
ogy By Transplanting Haematopoietic Stem Cells That Over-
express Ngr(310)Ecto-Fc Fusion Protein
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Ms. Min Joung Kim, Dr. Jaec Young Lee, PhD, Mr. Speros
Thomas, Ms. Jung Hee Kang, Mr. Thomas Bedford and Dr.
Steven Petratos, PhD

Monash University, Melbourne, Australia

Background: Haematopoietic stem cell (HSC) transplanta-
tion is currently being trialed to treat multiple sclerosis (MS)
as a means of modulating autoimmune-mediated inflammation
and neurological disability. As MS is an immune-mediated
neurodegenerative disorder, immunomodulation may not be
effective for progressive neurodegeneration. Nogo receptor 1
(NgR1) is a high affinity receptor for myelin-associated inhib-
itory factors (MAIFs) that block for neurite outgrowth and
may potentiate axonal degeneration in an animal model of
progressive multiple sclerosis (MS), experimental autoim-
mune encephalomyelitis (EAE).

Objectives: HSCs can be utilised as carriers of the therapeutic
protein for specific delivery into EAE lesions and can potentiate
neurological recovery.

Methods: As MS and EAE exhibit large numbers of inflamma-
tory cell infiltrates within central nervous system (CNS) lesions,
we utilized transplantable HSCs as a cellular delivery method of
the NgR(310)ecto-Fc fusion protein.

Results: We have shown that we can deliver the specific NgR(310)
ecto-Fc fusion protein through the transplantation of lentivirus
(LV)-transduced HSCs that encode the NgR-Fc protein to sites of
EAE pathology. We exclusively identified macrophages that were
positive for the myc-tag (NgR-Fc-positive) occupying significant
areas of inflammation and demyelination (2.0 x 103 + 0.5 x 103
cells/mm?, p<0.0001), signifying the engulfment of NgR-Fc pro-
tein-MAIF complex by activated macrophages, which may
increase the phagocytic activity of these populations and enhance
repair. Importantly, n=3 animals transplantated with therapeutic
NgR(310)ecto-Fc overexpressing HSCs, were rescued from
symptoms associated with EAE.

Conclusion: Our results suggest that HSCs can be utilised as car-
riers of the therapeutic protein for specific delivery into EAE
lesions and can potentiate neurological recovery.

Symptom Management
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Relationship between Caffeine Intake, EDSS and Fatigue
Scale in Patients with Multiple Sclerosis

Mr. Mohammad Bagher Maljaei, Ms.C!, Prof. Vahid
Shaygannejad, Professor?, Mrs. Seyedeh Parisa Moosavian! and
Mr. Omid Mirmosayyeb?

!Isfahan Neuroscience Research Center, Isfahan University of
Medical Sciences, Isfahan, Iran, Isfahan, Iran (Islamic Republic
of), *Isfahan Neuroscience Research Center and Department

of Neurology, Alzahra Hospital, Isfahan University of Medical
Sciences, Isfahan, Iran., Isfahan, Iran (Islamic Republic of)

Background: Multiple sclerosis (MS) is a chronic inflammatory
autoimmune demyelinating disorder of the central nervous system
(CNS). Due to the variable clinical course of MS, it is classified
into relapsing and progressive phases and three phenotypes of
relapsing remitting MS (RRMS), primary progressive MS
(PPMS), and secondary progressive MS (SPMS). Caffeine is a
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central nervous system stimulant of the methylxanthine class. It is
the world’s most widely consumed psychoactive drug. Recent sci-
entific evidences showed that caffeine intake could be associated
with decreased mortality from cardiovascular and neurological
diseases, diabetes type II, as well as from endometrial and liver
cancer. Previous studies on consumption of caffeine and (MS)
have yielded inconclusive results.

Objectives: We aimed to investigate whether consumption of caf-
feine is associated with disability of MS.

Methods: 126 patients with diagnosis of MS (42 RRMS, 42
PPMS and 42 SPMS) with MRI assessment of brain and spinal
cord were recruited from multiple sclerosis clinic in Kashani
Hospital of Isfahan University of Medical Sciences, Isfahan, Iran
included in the present study. A 168-item semi-quantitative food
frequency questionnaire (FFQ) was used for assessment of dietary
intake of caffeine. Medical history questionnaire, EDSS and
Fatigue questionnaire recorded from all participants.

Results: Mean + SD of EDSS and fatigue scale in SPMS and
PPMS groups was significantly higher than RRMS group.
Dietary intakes of caffeine in RRMS was higher that two other
subgroups but not significantly. There was a negative significant
association between caffeine intake and EDSS in RRMS sub-
group (r=-0.556, p=0.031). In addition, there was a significant
negative correlation between caffeine intake and Fatigue scale in
all participants (r=-0.312, p=0.028). Other correlations were not
significant. Age, gender, energy intake and blood pressure were
not confounder variables.

Conclusion: Our study demonstrated that there is a negative sig-
nificant correlation between intakes of caffeine with fatigue scale
in all participants. In addition, dietary intakes of caffeine can
decrease EDSS in RRMS patients and caffeine consumption may
exert a protective role against multiple sclerosis. The concern of
high cafteine intake is dehydration induced caffeine. Further stud-
ies with larger sample sizes and other population needed to prove
this correlation.

P241
Relationship between Fatigue and Routine Biochemical
Parameters in Patients with Multiple Sclerosis
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Background: Fatigue is one of the most common symptoms seen
in approximately 80% of patients with Multiple Sclerosis (MS). A
lot of biochemical factors play a role in the mechanism of fatigue.
Especially, identification of biochemical factors that associated
with fatigue and analyzed by available laboratory tests, may pro-
vide better insight into the causes of fatigue in MS patients.
Objectives: The purpose of this study was to examine the rela-
tionship between the routine biochemical parameters and fatigue
in patients with MS.

Methods: Thirty-six ambulatory patients with MS (Age:36.17+
9.02 years, EDSS: 1.58+1.04) participated in the study. Fatigue
was assessed using the self-report Fatigue Severity Scale (FSS).
Then, fasting venous blood from participants were collected to
measure biochemical parameters, including glucose, creatinine,
calcium, sodium, potassium, magnesium, phosphorus, low-den-
sity lipoprotein cholesterol, high-density lipoprotein cholesterol,
total cholesterol, triglyceride, ferritin, vitamin B12, vitamin D,
folate, thyroid stimulating hormone, triiodothyronine, thyroxine.
Biochemical parameters were assessed using routine laboratory
techniques. Spearman correlation analysis was used to determine
relationships between the routine biochemical parameters and
fatigue.

Results: In patients with MS, the fatigue severity was associated
with glucose level (r: 0.332, p:0.048), sodium level (r:- 0.529,
p:0.001), high-density lipoprotein cholesterol level (r:- 0.449,
p:0.006), folate level (r:- 0.341, p:0.042), triiodothyronine level
(r:- 0.446, p:0.006), and thyroxine level (r:- 0.371, p:0.026).
Conclusion: This study showed that the fatigue severity in
patients with MS is negatively correlated with sodium, high-den-
sity lipoprotein cholesterol, folate, triiodothyronine, thyroxine
levels but is positively correlated with glucose levels. Checking
regularly the routine biochemical parameters may help us better
understand the cause of fatigue and so manage the fatigue in
patients with MS.
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