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Title: School performance and psychiatric morbidity 6 years following pediatric acute disseminated
encephalomyelitis: A nationwide population-based cohort study
Authors: Magnus Spangsberg Boesen, PhD (1,2), Annika Langkilde, PhD (3), Alfred Peter Born,
PhD (1), Melinda Magyari, PhD (4,5), Morten Blinkenberg, PhD (4), Tanuja Chitnis, professor (6),
Lau Caspar Thygesen, PhD (7), Frank Eriksson, PhD (8).
Institutional affiliation:
1. Department of Pediatrics, Rigshospitalet, University of Copenhagen, Denmark
2. Department of Neurology, Herlev Hospital, Denmark
3. Department of Radiology, Diagnostic Centre, Rigshospitalet, University of Copenhagen,
Copenhagen, Denmark
4. Danish Multiple Sclerosis Center, Department of Neurology, Rigshospitalet, University of
Copenhagen, Denmark
5. Danish Multiple Sclerosis Registry, Department of Neurology, Rigshospitalet, University of
Copenhagen, Denmark
6. Partners Pediatric Multiple Sclerosis Center at the Massachusetts General Hospital for Children,
Boston, MA, USA
7. National Institute of Public Health, University of Southern Denmark, Copenhagen, Denmark
8. Section of Biostatistics, Department of Public Health, University of Copenhagen, Denmark
ABSTRACT
Background: Acute disseminated encephalomyelitis (ADEM) causes cognitive impairment in
children. However, long-term consequences for school performance and psychiatric morbidity have
never been characterized.
Objective: To investigate long-term school performance and psychiatric morbidity following
pediatric ADEM (<18 years).
Methods: We identified all children with ADEM during 2008–2015 in Denmark using hospital
diagnostic codes for acute demyelinating episodes. We reviewed all medical records to validate
ADEM including blinded review of MRI. We sampled ten control children per ADEM child
matched by sex and date of birth. Outcomes were from nationwide population-based registers on
school assistance, grade point average, highest complete education, in-hospital psychiatric hospital
diagnoses, and out-of-hospital psychiatric consultations or anti-psychiatric medicine prescriptions.
Results: 52 children had ADEM (median age at onset: 5.5 years; median age at the end of followup: 13.4 years). School performance was similar among children with ADEM and control children;
however, children with ADEM had increased psychiatric morbidity (hazard ratio=2.4; 95%
confidence interval=1.1‒5.0; p=0.02) compared with control children, primarily due to increased
prescriptions of drugs for sleep problems and depression.
Conclusion: Children with ADEM had increased psychiatric morbidity which did not impact their
school performance. Clinicians should consider problems with sleep and depression at follow-up.

Title: Protective potential of tissue resident macrophages in MS and EAE
Authors: Anouk Benmamar-Badel, Agnieszka Wlodarczyk, Oriane Cédile, Kirstine Nolling
Jensen, Isabella Kramer, Nick Boe Elsborg, Nasrin Asgari and Trevor Owens.
Hypothesis: Tissue-resident macrophages can exert protective properties in the context of multiple
sclerosis (MS) and in its mouse model experimental autoimmune encephalomyelitis (EAE).
Methods: Maturation, maintenance and proliferation of tissue resident macrophages depend on
signaling through the receptor for Colony-Stimulating Factor-1 (CSF1R). We used intrathecal delivery
of CSF1R ligands in healthy mice and mice with EAE to examine whether this could steer tissue braintissue macrophages, also known as microglia, towards a protective phenotype. We used flow-cytometry
to quantify differences between cell populations and immunohistochemical staining to investigate
demyelination and oligodendrocytes.
We also examined the phenotype and location of tissue-resident placental macrophages and
adoptively transferred encephalitogenic T cells using flow-cytometry and histological methods.
Results: Intrathecal delivery of CSF1R ligands IL-34 and CSF-1 induced CD11c+ microglia in the
central nervous system (CNS) of otherwise unmanipulated mice. Furthermore, they suppressed disease
and reduced demyelinated lesions in EAE.
In the murine placenta, we showed the presence of tissue-resident macrophages located in close
proximity to encephalitogenic T cells, potentially interacting with these cells.
Discussion: Tissue-resident macrophages are myeloid cells derived from yolk-sac progenitors during
primitive hematopoiesis early in development. Recent studies have highlighted their importance in a
wide range of physiological and developmental processes. CNS microglia represent a subtype of tissue
resident macrophages with high plasticity. They have been shown to be important in maintaining
homeostasis in the CNS and to have critical functions throughout development. Our lab recently
identified a subpopulation of microglia expressing CD11c that is expanded early in development and
plays a role in primary myelination. This subpopulation is also expanded in inflammatory conditions
such as EAE. We show in the present study that CSF1R signaling can influence the phenotype of brain
tissue-resident macrophages and can ameliorate EAE symptoms.
Symptoms of MS and EAE are also alleviated during pregnancy, through an undefined mechanism. Our
study investigates tissue-resident macrophages in the placenta, investigating the possibility that they
play a role in the induction of a tolerogenic environment that underlies pregnancy-associated remission
from MS and EAE. Our studies are pursuing the function of such cells in humans and in mice.

Title: Can aerobic exercise elicit neuroprotective effects in multiple sclerosis? A randomised,
controlled, cross-over, phase-2 trial
Authors: Martin Langeskov-Christensen, Lars Grøndahl Hvid, Mikkel Karl Emil Nygaard, Henrik
Boye Jensen, Helle Hvilsted Nielsen, Thor Petersen, Niels Ørtenblad, Egon Stenager, Simon Fristed
Eskildsen and Ulrik Dalgas.
Hypothesis: We tested the hypothesis that 24 weeks of progressive aerobic exercise (PAE) would elicit
neuroprotective effects in persons with multiple sclerosis (MS), in terms of total brain volume
preservation.
Methods: We did a 24-week randomised, controlled, cross-over, phase 2 trial. The intervention
group (EXE) undertook 24 weeks of supervised PAE while the control group (CON) completed 24
weeks of habitual lifestyle. Participants were recruited at four Danish hospitals in Aarhus, Odense,
Kolding, and Viborg. Patients with definite MS according to the McDonald criteria, aged 18-65
years, with EDSS scores from 0-6, willingly to transport themselves to the exercise/testing facility,
were randomly assigned (1:1) by the sealed envelope principle, stratified by sex. Primary outcome:
MRI-determined percentage brain volume change (PBVC) after 24 weeks of intervention.
Secondary outcomes: additional MRI endpoints, cardiorespiratory fitness, serum neurofilament light
chain (NfL), 6-min walk test (6MWT), Multiple Sclerosis Impact Scale (MSIS). Statistical analysis
was carried out by using linear mixed model.
Results: 86 participants were enrolled (43 assigned to EXE and 43 to CON). No within-group or
between-group changes were observed in PBVC following the 24-week intervention period. Significant
between-group changes were found in grey matter parenchymal fraction (GMPF) and cardiorespiratory
fitness favouring EXE. Changes in GMPF and cardiorespiratory fitness were significantly correlated
(r=0.23). No between-group changes were observed for additional MRI endpoints (brain parenchymal
fraction, white matter parenchymal fraction, cortical thickness, volume of black holes, hippocampus,
thalamus, corpus callosum, basal ganglia, T2 lesions, and diffusion kurtosis imaging), the biomarker
NfL, or MSIS. A within-group change in the 6-minute walk test was observed in EXE. There were no
serious adverse events.
Discussion: The present randomised controlled study is the first to examine whether the effects of moderate
to high-intense PAE elicit neuroprotective effects in MS. Though PAE had no effect on PBVC, an increase in
GMPF was observed highlighting long-term (i.e. more than 24 weeks) PAE as a potential diseasemodifying ad-on to current medical treatments.

Title: Decoupling effects of fiber dispersion and microscopic anisotropy fundamentally change
interpretations of diffusion tensor imaging in multiple sclerosis
Authors:
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1

Danish Research Centre for Magnetic Resonance, Centre for Functional and Diagnostic Imaging and Research,
Copenhagen University Hospital Hvidovre, Denmark; 2Random Walk Imaging, AB, Lund, Sweden; 3Department
of Radiology, Clinical Sciences, Lund University, Lund, Sweden; 4Division of Physical Chemistry, Department of
Chemistry, Lund University, Lund, Sweden; 5Medical Radiation Physics, Lund University, Lund, Sweden;
6
Harvard Medical School, Boston, MA, US; 7Radiology, Brigham and Women’s Hospital, Boston, MA, US;
8
Department of Clinical Medicine, Faculty of Health and Medical Sciences, University of Copenhagen, Denmark;
9
Department of Neurology, Copenhagen University Hospital Bispebjerg, Denmark; 10Danish Multiple Sclerosis
Center, Copenhagen University Hospital Rigshospitalet, Copenhagen, Denmark; 11DTU Compute, Technical
University of Denmark, Lyngby, Denmark

Hypothesis: We hypothesize that microscopic fractional anisotropy (μFA), a new MR measure,
better reflects disease progression and cognition in MS patients.
Introduction: Changes in brain tissue microstructure are frequently probed using the fractional
anisotropy derived from diffusion tensor imaging (DTI-FA). DTI-FA is sensitive to
microstructural brain alterations in white matter (WM) such as demyelination and axonal
degeneration, the main pathologies in MS. But DTI-FA is also modulated by axonal fiber
dispersion making it impossible to make inference on the anisotropy alone. A new diffusion
encoding technique can be used to remove the effects of fiber dispersion and allow estimation
of the underlying microscopic anisotropy and thus better represent tissue integrity.
Methods: Data from 40 MS (14 PPMS, 26 RRMS) patients and 27 HC were acquired. Both
DTI-FA and μFA maps were generated and averaged over HC white matter (WM) and MS
normal appearing WM (NAWM). Group-differences were evaluated using ‘hemisphere’ by
‘group’ repeated-measures ANOVA with age as a covariate. We further correlated μFA and
DTI-FA with age, SDMT (cognition) and EDSS (disability).
Results





μFA showed clear group differences, with HC having higher μFA compared with both
RRMS and PPMS patients. There were no main effect or interactions of hemispheres. With
the DTI-FA, however, none of the effects were significant.
In both groups, μFA correlated negatively with age. For DTI-FA, however, this relationship
with age was only significant in HC but not in the MS group.
In MS, μFA correlated in both hemispheres negatively with EDSS, meaning that lower μFA
values were associated with more disability. This association, however, was not significant
when including age as a covariate. With DTI-FA, this correlation was not significant.
μFA correlated with SDMT in both MS and HC. In MS, these associations were also
significant when controlling for age. With DTI-FA these correlations were not significant.

Discussion
Microscopic diffusion anisotropy showed significant group differences and correlations to
clinical and cognitive scores as well as aging and significantly outperform the classical DTIFA. We expect that µFA will be an important clinical tool to understand and trace MS
pathology.
Acknowledgements: Danish Multiple Sclerosis Society (A31910 and A27996). VINNMER
Marie Curie Industry Outgoing grant (nr. 013-04350).

Title: Comparative effectiveness of teriflunomide and dimethyl fumarate. A nationwide cohort
study.
Authors: Mathias Due Buron, MD, Thor Ameri Chalmer, MD, Finn Sellebjerg MD, DMSc, Jette
Frederiksen MD, DMSc, Monika Katarzyna Góra, MD, Zsolt Illes MD, DMSc, Matthias Kant, MD, PhD.,
Zsolt Mezei MD, PhD., Thor Petersen MD, DMSc, Peter Vestergaard Rasmussen, MD, PhD, Homayoun
Roshanisefat, MD, PhD, Houry Hassanpour-Kalam-Roudy, MD, Tobias Sejbæk MD, PhD, Anna Tsakiri
MD, PhD, Arkadiusz Weglewski, MD, PhD, Per Soelberg Sorensen, MD, DMSc*, Melinda Magyari, MD,
PhD**PSS and MM are joint senior authors.

Hypothesis: To compare on-treatment efficacy and discontinuation outcomes in
teriflunomide(TFL) and dimethyl fumarate(DMF) in the treatment of relapsing-remitting multiple
sclerosis (RRMS) in a real-world setting.
Methods: We identified all patients starting TFL or DMF from the Danish Multiple Sclerosis
Registry and compared on-treatment efficacy outcomes between DMF and TFL, adjusted for
clinical baseline variables using propensity score-based methods.
Results: We included 2236 patients in the study: 1469 patients on TFL and 767 on DMF.
Annualized relapse rates (ARR) in TFL and DMF were 0.16 (95% confidence interval (CI) 0.130.20) and 0.09 (CI: 0.07-0.12), respectively. Relapse rate ratio DMF/TFL was 0.58 (CI: 0.46-0.73,
p<0.001). DMF had a higher relapse-free survival proportion at 48 months of follow-up (p<0.05).
We observed no difference in Expanded Disability Status Scale (EDSS) worsening.
Discontinuations due to disease breakthrough were 10.2% (CI: 7.6%-12.8%) and 22.1% (CI:
19.2%-25.0%) for DMF and TFL, respectively.
A sub-group analysis of ARRs in 708 patients with available baseline MRI T2-lesion amount
reported similar results after adjustment.
Discussion: We found lower ARR, higher relapse-free survival and lower incidence of
discontinuation due to disease breakthrough on treatment with DMF compared with TFL.

Titel: Natalizumab-behandling af multipel sclerose reducerer selektivt plasmablaster i blod
Forfattere: Alexander Cuculiza Henriksen, Cecilie Ammitzbøl, Eva Rosa Sansone Pedersen, Oscar
McWilliam, Finn Sellebjerg, Marina Rode von Essen og Jeppe Romme Christensen
Hypotese: Natalizumab sænker produktionen af antistoffer både i blod og cerebrospinal væske, og
kan som en af de eneste behandlinger reducere forekomsten af oligoklonale bånd hos patienter med
multipel sclerose (MS). Dette ses på trods af øget frekvens af B-celler i blodet. Baggrunden for
dette paradoks er uafklaret. Da dannelse af plasmablaster er afhængig af VLA-4, er vores hypotese
at natalizumab hæmmer produktionen af plasmablaster, hvilket kunne indikere en ny
virkningsmekanisme ved natalizumab-behandling.
Metoder: Blodprøver fra to kohorter blev anvendt, en longitudinal kohorte på ni patienter med
progressiv MS som fik taget blodprøver før og efter 60 ugers natalizumab-behandling , samt en
tværsnitskohorte med attakvis MS, heraf 17 ubehandlede samt 17 stabile natalizumab-behandlede
og 20 ustabile natalizumab-behandlede. Vi anvendte flowcytometri på blod til inddeling af B-celle
subtyperne naive, transitionelle, partly activated, memory, late memory og plasmablaster.
Resultater: I den longitudinale kohorte kunne vi bekræfte et signifikant fald i plasma IgG hos
progressiv MS patienter i natalizumab behandling. Ligeledes bekræftes en markant stigning i
frekvens af B-celler, som særligt skyldes stigning i memory og late memory B-celler, mens
plasmablaster viste et markant fald. Antallet af B-celler steg markant for alle subtyper, fraset
plasmablaster. Tværsnitsstudiet bekræftede at natalizumab-behandling øger frekvens og antal af Bcelle subtyper med plasmablaster som en vigtig undtagelse. Et markant lavere antal memory Bceller var eneste fund der differentierede ustabile fra stabile natalizumab behandlede patienter.
Endelig fandt vi en meget markant forhøjet CD49d ekspression på plasmablaster sammenlignet
med øvrige B-celle subtyper.
Diskussion: Studiet bekræfter tidligere fund af reduktion af plasma IgG under natalizumabbehandling af MS, samtidig med en betydelig øgning af frekvens og antal B-celler i blod, men viser
for første gang et markant fald i frekvensen af plasmablaster. Stigningen i frekvens og antal i særligt
de øvrige modne stadier af B-celler fraset plasmablaster, kan være forenelig med et blokeret trin i
modningen af memory B-celler til plasmablaster. Resultaterne peger på en mere kompleks
virkningsmekanisme ved natalizumab-behandling, hvor en selektiv effekt på plasmablaster
formentlig kan forklares ved blokering af CD49d som er af betydning for B-cellers adhæsion til
follikulære dendrit celler i lymfeknudernes germinal centre.

The effect of cladribine on murine microglial cells
Jørgensen LØ1, Hyrlov KH1, Elkjær ML1, Pedersen AE2, Svenningsen ÅF3,4, Illes Z1,3,4,5
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We hypothesized that cladribine can affect microglial cells that are pivotal to chronic inflammation
in multiple sclerosis (MS). This is based on the finding of the compound in the CSF and could
reveal an additional mechanism of action of cladribine aside from the depletion of peripheral
lymphocytes.
The effect of cladribine in the range of 0.01–10 µM was investigated on functional and phenotypic
properties of naïve and lipopolysaccharide (LPS)-stimulated active mouse microglia in mixed
primary glial cell cultures. The cytotoxicity was validated with an MTT assay, while flow
cytometry was applied for examination of the effect on the phagocytotic ability. The effect on
random migration was investigated using the IncuCyte live-cell imaging system and TrackMate,
whereas the gene expression was quantified by qPCR.
We found that cladribine only affects active, LPS-stimulated microglia and not naïve cells.
Furthermore, we discovered that the effect on microglial properties was concentration-dependent
but unrelated to its cytotoxic effect. The medium range cladribine concentrations (0.1–1 µM)
significantly decreased the phagocytotic ability and motility of LPS-stimulated microglia. In
contrast, high cladribine concentration (10 µM) significantly increased the expression of IL-1β,
TNF, iNOS and Arg1, while the mRNA level of IL-10 was unaffected.
Our data suggest that cladribine in the range of 0.1–1 µM induces a less activated phenotype in
LPS-stimulated microglia which, based on the decreased phagocytotic ability and motility, may
indicate a less damaging function of pro-inflammatory microglia in MS. On the contrary, 10 µM
cladribine increases the expression of both pro- and anti-inflammatory markers (IL-1β, TNF, iNOS,
Arg1) of the LPS-activated microglia. The increased Arg1 expression may be compensatory to
increased iNOS, as they share a substrate but with opposite outcomes.

Dimethyl fumarate therapy reduces the frequency of memory T cells and the
potential of CNS trans-migration in patients with multiple sclerosis
Rikke Holm Hansen*1, Helene Højsgaard Chow1, Jeppe Romme Christensen1, Finn Sellebjerg1, Marina
Rode von Essen1
1

The Danish Multiple Sclerosis Center, Department of Neurology, Rigshospitalet, University of Copenhagen,
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Background: Dimethyl fumarate (DMF) is a disease modifying therapy used for patients with
relapsing-remitting multiple sclerosis (RRMS). T cells are major contributors to the pathogenesis of
RRMS, where they regulate the inflammatory immune response and participate in infiltration and
lesion development in the CNS. The impact of DMF on T cell subpopulations, their CNS transmigration potential and effector functions remains unsolved.
Objectives: We evaluated the effects of DMF on T cell subsets, their CNS trans-migration potential
and their effector functions.
Methods: Blood and cerebrospinal fluid (CSF) cells from untreated and DMF-treated patients with
RRMS and healthy donors were analyzed by flow cytometry.
Results: We found that DMF reduced the prevalence of circulating memory T cells. This reduction was
observed in proinflammatory CD4+ and CD8+ T cell subsets whereas regulatory T cells were
unaffected. Furthermore, DMF reduced the frequency of peripheral CD4+ T cells expressing CNShoming markers. Additionally, we found a reduced recruitment of CD4+ T cells but not CD8+ T cells
to the CSF. We also found that monomethyl fumarate (MMF), the primary metabolite of DMF,
dampened T cell proliferation in vitro and reduced the frequency of TNFα, IL-17 and IFN-γ producing
T cells.
Conclusion: These data show that DMF influences the balance between proinflammatory and
regulatory T cells in the periphery by reducing the proinflammatory potential. Furthermore, DMF
reduces the CNS-migratory potential of CD4+ T cells whereas CD8+ T cells migration is less affected
by the treatment. Altogether, our study suggests an anti-inflammatory effect of DMF on the CD4+ T
cell compartment.

Proteomic profiling shows changes in proteins involved in oligodendrocyte
differentiation in ceruloplasmin knockout mice

B. Villadsen1,2*, C. Thygesen1,2,3*, M. Grebing1,2*, S. J. Kempf3, HH. Nielsen2,4, M. Thomassen4,
T.A. Kruse4, MR. Larsen5, B. Finsen1,2. *Side-authored authors.
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Remyelination failure is a hallmark of patients suffering from progressive multiple sclerosis (MS).
Remyelination of denuded axons depends on the differentiation of oligodendrocyte precursor cells
(OPC) into myelinating oligodendrocytes (OL). Previously published results from our own
laboratory have shown that inflammatory T-cells can stimulate oligodendrogenesis in adult mice.
We have, by bioinformatic analysis of own microarray data as well as microarray and RNA-Seq
data by others, identified the ferroxidase ceruloplasmin (Cp) as a putative target in T-cell stimulated
adult oligodendrogenesis. Cp is a multi-copperoxidase with ferroxidase activity involved in iron
efflux from cells. As a first step, we studied the effect of Cp on the forebrain proteome of adult 4- to
5-month-old Cp knock out (Cp-/-), Cp+/- and Cp+/+ mice. More than 4000 proteins were quantified,
of which 15 were regulated in Cp+/- mice compared to Cp+/+ mice. In addition, the deficiency of Cp
also impacted the post-translational modifications of several myelin-associated proteins, such as the
myelin-associated glycoprotein Mag. Importantly, scoring of luxol fast blue stained sections
showed no difference in the myelination of the corpus callosum between Cp-/-, Cp+/- and Cp+/+ mice.
Next, to elucidate the mechanisms and the effect of Cp on OPC differentiation during primary
myelination, we assessed the mRNA levels of known OPC/OL markers and iron-associatedproteins at different developmental stages. The mRNA expression of the OPC markers PDGFR
and Olig2, and the iron associated proteins frataxin and ferroportin were significantly lower in 9day-old Cp+/- compared to Cp+/+ and Cp-/- mice. Interestingly, Cp-/-, Cp+/- and Cp+/+ mice showed
comparable levels of CNP and MBP mRNA at 22 days and 4-5 months of age. These findings are
suggestive of compensatory mechanisms ensuring myelination of the brain of Cp-/- and Cp+/- mice
under normal circumstances, despite of alterations during the period with maximal OPC
differentiation. Ongoing studies will provide additional information on the effect of Cp on OPC
differentiation during normal development as well as OPC differentiation and remyelination in the
presence of inflammatory T-cells in mouse models of MS. This study aims at developing new
strategies for myelin protection and/or stimulation of remyelination processes in patients with MS.

Title: Interferon regulation of demyelination
Authors: Marlene Thorsen Mørch, Reza Khorooshi, Anh Cong Pham, Stephanie Kavan, Mark Burton,
Mads Thomassen, Torben Kruse, Nasrin Asgari, Trevor Owens
Hypothesis: Mice that lack the type I interferon (IFN) signaling receptor (IFNAR1-KO mice) do not
develop anti-myelin oligodendrocyte glycoprotein (MOG) + complement (C)-induced pathology
whereas wildtype C57BL/6J mice do. This inhibition was reversed by addition of type II IFN
(IFNgamma).
We propose that IFNs increase microglial phagocytic clearance of damaged myelin in antibodyinduced demyelination.
Methods: RNA was extracted for RNA sequencing from microdissected corpus callosum (CC) with
stereotactically placed lesions of: purified IgG2a monoclonal anti-MOG + C-treated C57BL/6J mice
(show pathology in the presence of endogenous type I IFN); anti-MOG + C + IFN-gamma-treated
IFNAR1 KO mice (show pathology in the presence of added type II IFN), and anti-MOG + C-treated
IFNAR1 KO mice (show no pathology and no IFNs signaling). The transcriptome was analyzed from the
three lesion types to identify overlapping roles of type I and II IFNs in anti-MOG-induced
demyelination. Differentially expressed genes were identified compared to unmanipulated CC
Results: A similar number of genes were detected between the lesion types (15004 ± 73,2 SD).
Analysis of differentially expressed genes (FDR ≤ 0.05 and FC ± 1) identified a similar number of
upregulated genes in the three lesion types (268 ± 56,7 SD), whereas far more genes were
downregulated in anti-MOG + C-treated C57BL/6J mice (202 genes) than the two groups in IFNAR1KO mice (12 and 13 genes).
Among the upregulated genes we identified 47 that were common to the groups with pathology but not
upregulated in the group with no pathology. No common genes were identified between the groups with
pathology in the downregulated set. Gene ontology analysis of the 47 genes showed them to be involved
in immune regulation, response to type I and II IFNs, phagocytosis and cell division. Pathway analysis
identified enriched pathways related to phagocytosis, immune regulation and cell division.
Discussion: We have identified converging roles for type I and II IFN in anti-MOG + C-induced
demyelination. Here we have identified 47 genes distinctively regulated in the groups with pathology
indicating their relation to pathology development. These genes are involved in immune regulation,
cell division and phagocytosis, signifying activation of local immune cells (microglia) and
phagocytosis.

Absence of miR-146a alters the function and proteome of microglia
Kirsten H. Hyrlov1, Nellie A. Martin1, Eva K. Thygesen1, Maria L. Elkjaer1, Agnieszka
Wlodarczyk2, Kirstine J. Elbaek3, Justyna Okarmus1, Erikur Benedikz2, Allan Stensballe3, Åsa F.
Svenningsen2, Trevor Owens2, Zsolt Illes1,2,4
1
Department of Neurology, OUH; 2Department of Neurobiology Research, SDU; 3Department of
Health Science and Technology, AAU; 4Institute of Clinical Research, SDU
Micro-RNA miR-146a is an important regulator of the innate inflammatory response. Our previous
studies showed that miR-146a KO mice are protected against demyelination in the cuprizone (CPZ)
model of MS. Therefore, we investigated the main cellular source of miR-146a in the brain and
examined the function of miR-146a in microglia cells in vitro.
Neurons and glia were isolated from brains of postnatal mice and expression of miR-146a was
quantified by qPCR. Microglia isolated from postnatal wild-type (WT) and miR-146a KO mice
were stimulated with LPS and/or myelin for 24h. The level of cytokines in the cells and cell culture
media was measured by qPCR and MSD multiplex analysis, respectively. Random migration of
stimulated microglia was measured using an IncuCyte live-cell imaging system and TrackMate,
while their phagocytotic ability was quantified by flow cytometry. Microglia was isolated from WT
and miR-146a-KO mice during experimental demyelination and the proteome was examined by
mass spectrometry.
We identified microglia as the main cellular source of miR-146a in the brain. The absence of miR146a in microglia was associated with increased excretion of cytokines and chemokines after in
vitro activation. Functional studies revealed that myelin stimulated microglia migrated less in the
absence of miR-146a, and LPS stimulated microglia were less phagocytotic in the absence of miR146a. The proteome was not different in resting miR-146a KO compared to WT microglia, but
differential regulation of proteins was observed in the WT versus KO microglia during CPZinduced demyelination: only 10 proteins were dysregulated in the KO compared to the 137 proteins
in the WT mice.
We show that miR-146a is highly expressed in microglia, and downregulates expression of pro- and
anti-inflammatory cytokines in LPS- and myelin-stimulated microglia. Stimulated microglia are less
phagocytotic and migratory in the absence of miR-146a, which may contribute to the protection
from CPZ induced demyelination. Absence of miR-146a in microglia is also associated with
differential regulation of proteins during in vivo demyelination that are associated with protective
cellular responses.

Title: Cerebrospinal fluid biomarkers for predicting development of multiple sclerosis in acute
optic neuritis: A population-based prospective cohort study
Authors: MN Olesen, K Soelberg, B Debrabant, AC Nilsson, ST Lillevang, J Grauslund, I
Brandslund, JS Madsen, F Paul, TJ Smith, S Jarius, N Asgari
Hypothesis: In patients with acute optic neuritis (ON) biomarkers in cerebrospinal fluid (CSF)
distinguish multiple sclerosis (MS)-related ON and non-MS-related ON and predict conversion to
MS.
Methods: Forty patients with acute ON were recruited in a prospective population-based cohort
with median 29 months (range 19-41) follow-up. Paired CSF and serum samples were taken 14
days (range 2-38) prior to treatment. Prospectively, 16/40 patients were by a uniform algorithm
diagnosed with MS (MS-ON) and 24 patients continued to manifest isolated ON (ION) during
follow-up. Levels of cytokines and neurofilament light chain (NF-L) were measured at the onset of
acute ON and compared to healthy controls (HC). Significance levels were corrected for multiple
comparisons (“q”). The predictive value of biomarkers was determined with multivariable logistic
models using then visualized as nomograms.
Results: CSF TNF-α, IL-10 and CXCL13 levels were increased in MS-ON compared to ION
patients (q=0.021, 0.004, and 0.0006, respectively). MS-ON patients had increased CSF
pleocytosis, IgG indices and oligoclonal bands (OCB) compared to ION (q=0.0007, q=0.0058 and
q=0.0021, respectively). CSF levels of IL-10, TNF-a, IL-17A and CXCL13 in MS-ON patients
correlated with leukocyte counts (r>0.69 and p<0.002) and IgG index (r>0.55, p<0.037). CSF NF-L
levels were increased in ON patients compared to HC (q=0.0077). In MS-ON, a progressive
increase in NF-L levels were observed at 7 to 14 days after disease onset (r=0.73, p<0.0065).
Receiver operating characteristic (ROC) curves for two multivariable prediction models were
generated, with IL-10, CXCL13, and NF-L in one (“candidate”) and IgG index, OCB, and
leukocytes in another (“routine”). Area under the curve was 0.89 [95% C.I.: 0.77-1] and 0.86 [0.740.98], respectively. Predictions of the risk of MS were illustrated by two nomograms.
Discussion: CSF TNF-α, IL-10, CXCL13 and NF-L levels were associated with development of
MS, suggesting that the inflammatory and neurodegenerative processes occurred early. Based on
subsequent diagnosis we observed a high predictive value of routine and candidate biomarkers in
CSF for the development of MS in acute ON. As long-term outcome in MS depends on early
treatment, the nomogram predictions may be useful in the diagnostic work-up of MS.

How does strength training and balance training affect gait performance
and fatigue in patients with Multiple Sclerosis? A randomized controlled
multi-center study.
Jacob Callesen1,2, Davide Cattaneo3, John Brincks1 & Ulrik Dalgas2
1

VIA University College, Faculty of Health Science, Department of Rehabilitation and Health Promotion Research,
Hedeager 2, 8200 Aarhus N, Denmark
2
Aarhus University, Department of Public Health, Section of Sport Science, Dalgas Avenue 4, 8000 Aarhus, Denmark
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Background:
Progressive resistance training (PRT) is a promising intervention capable of improving muscle
strength and functional capacity in persons with multiple sclerosis (PwMS). Another intervention
used in MS-rehabilitation is task-specific Balance and Motor Control Training (BMCT). Despite
related intervention outcomes (improved functional capacity) the principles of BMCT and PRT are
fundamentally different in terms of variation in movement pattern, loading level and subsequent
repetitions. Nonetheless, no head-to-head studies exist that have compared the effects of PRT and
BMCT on gait and fatigue in PwMS. It was hypothesized that PRT would be superior in improving
maximal gait speed, whereas BMCT would have a greater impact on, fatigue, and more complex
walking tasks.
Design: A three-armed multi-center, single-blinded, cluster randomized controlled trial with two
intervention groups (1. Lower extremity PRT; 2. BMCT targeting gait function) and a control group
(usual care) was performed. The interventions lasted ten weeks with two sessions per week.
Participants: Seventy-one PwMS with impaired mobility were enrolled in the study (77% women;
age=51.6±9.6 years; EDSS=3.9±1.3). Eighty-three percent completed the study.
Primary outcomes: Timed 25 Foot Walk (T25FW) and the Six Spot Step Test (SSST).
Secondary outcomes: Six Minute Walk Test, isometric muscle strength of the knee extensors and
flexors, Mini BESTest, postural sway, Activity-specific Balance Confidence scale, MS Walking
Scale, Modified Fatigue Impact Scale (MFIS).
Results: BMCT significantly improved gait speed compared to control group in T25FW (9.6%
[1.7; 17.6], p=0.02) and SSST (17.7% [6.1; 29.2], p<0.01). PRT vs. control group showed no
significant differences in T25FW (2.3% [-6.3; 11.0], p=0.59) or SSST (6.5% [-5.9; 19.0], p=0.30).
BMCT vs. PRT were in T25FW (7.3% [-0.8; 15.4]. p=0.08) and in SSST (11.1% [-0.5; 22.8],
p=0.06) in favor of BMCT
Both BMCT and PRT significantly reduced MFIS compared to control group: (9.4 [3.3; 15.5],
p<0.01) vs (10.2 [3.6; 16.9], p<0.01).
Within the intervention groups, significant improvements were found for all outcomes in BMCT
except for muscle strength and postural sway and in PRT except from postural sway.
Conclusions: BMCT was superior to control group and tended to be superior to PRT in improving
gait performance. Both interventions significantly reduce fatigue.

Name: Nils Koch-Henriksen
Institution: Department of Clinical Epidemiology, Aarhus University Hospital.

Title: Worsening of disability caused by relapses in multiple sclerosis: a different approach
Authors: Nils Koch-Henriksen, Lau Caspar Thygesen, Per Soelberg Sørensen, Melinda Magyari
Hypothesis: In multiple sclerosis (MS), the quantitative role of relapses in the Expanded Disability Status
Scale (EDSS) worsening beyond the recovery phase is not well known. Most studies have examined the
predictive role of early relapses in more distant endpoints. Relapses and worsening may be associated
because they could be independent effects of the same underlying disease characteristics without causal
relationship. With the design of the present study, we aim to estimate the direct effect on disability of
relapses.
Methods: We used data from the obligatory bi-annually registration in the Danish Multiple Sclerosis
Registry of relapses and EDSS for all patients treated with disease modifying drugs for relapsing/remitting
MS from 1996 to 2015. We paired consecutive control periods into study intervals as the study units. We
selected study intervals with a length of 12-24 months and with EDSS ≤ 5.5 at start and ignored study
intervals in which a preceding relapse had been closer than nine months to the EDSS assessment at the start
or the end of the study interval to eliminate relapse-related temporary EDSS worsening. We compared
EDSS worsening in study intervals with and without relapses. The same patients could contribute with study
intervals both with and without relapses. We used linear generalized estimating equations to account for
intra-patient correlations.
Results: We analysed 5187 study intervals from 2015 MS patients. The mean of EDSS increase was 0.205
units in study intervals with relapses and 0.065 without relapses when adjusted for length of study interval,
sex, and EDSS at start of interval, and the difference was statistical significant; p<0.0001.
However, the effect of relapses on EDSS was absent in male patients (p=0.52), and when EDSS was ≥ 4.0 at
start of the study interval (p=0.73).
Discussion: Relapses play an independent and significant role for worsening of MS in patients under
disease-modifying therapy and eliminating relapses would not only free the patients from the temporary
perils of relapses but may also reduce permanent worsening of the disease.

Title: The head-to-head population-based national epidemiology of neuromyelitis optica spectrum
disorder in Denmark and Hungary

Authors: Viktoria Papp, Melinda Magyari, Nils Koch-Henriksen, Jette L. Frederiksen, Samuel
Komoly, Finn Sellebjerg, Egon Stenager, Thor Petersen, Zsolt Illes on behalf of Danish and
Hungarian collaborators

Hypothesis: The prevalence and incidence of neuromyelitis optica spectrum disorder (NMOSD)
may vary among European populations with inverse relationship to the epidemiology of multiple
sclerosis (MS): NMOSD is more frequent in populations with Asian and African ancestry compared
to white Caucasians, while MS is more frequent in white Caucasian populations.
Methods: We conducted a retrospective population-based comparative cohort study of 4.6 million
Danes and 6.4 million Hungarians (age≥16). Multiple sources such as neurology departments,
administrative registries and laboratory databases were utilized. We selected possible NMOSD
patients via multistage re-evaluation by applying 2015 International Panel for NMO Diagnosis
(IPND) criteria. Crude, sex and serostatus specific prevalence (per 100,000 person) and incidence
rates (per 100,000 person-years) were estimated. We compared the Danish population-based
epidemiology of NMOSD with the Hungarian epidemiology of NMOSD that were investigated
parallel by overlapping teams. The prevalence of MS was compared to the prevalence of NMOSD
in the two countries.
Results: By reviewing clinical, radiological, and serological data of 6400 Danish and Hungarian
candidates, we identified 56 Danish and 154 Hungarian NMOSD patients (age≥16). In Denmark,
the prevalence rate (age ≥ 16) was 1.09 per 100,000 (95% CI;0.808 - 1.440) and the incidence rate
of NMOSD was 0.070 per 100,000 person-years (95% CI;0.046 - 0.102). In Hungary, the
prevalence analysis resulted in 1.913 per 100,000 (95% CI;1.519 – 2.283) and the incidence
analysis gave 0.132 per 100,000 person-years (95% CI;0.108-0.161). There were 1.9-times higher
prevalence (95% CI;1.23-2.88, p<0.001) and 1.8-times greater incidence (95% CI;1.27-2.45,
p=0.003) in Hungary compared with Denmark. MS:NMOSD ratio was 253:1 in Denmark and only
47:1 in Hungary.
Discussion: The population-based Danish and Hungarian study of NMOSD show remarkably lower
prevalence and incidence of NMOSD and a higher MS:NMOSD ratio in the North-western
European population compared to an Eastern European population. Overall, our data may support
the hypothesis of genetic influence on the pathogenesis of NMOSD.

Quality of life impact of multiple sclerosis – a study leading to focus on cognitive impairment
Lee Mortensensen G, Rasmussen PV
Hypothesis and aim: In a previous qualitative study1, we hypothesized that treatment preferences of
patients with multiple sclerosis (MS) might be related to their health-related quality of life (QoL).
We explored if and how this might be the case in a cohort of Danish patients.

Methods: A mixed methods approach was applied including a literature study and qualitative focus
group interviews with 40 Danish MS patients representing both genders with varying illness
duration, types of MS and treatment experiences. The participants had received treatment at 12
different clinics across Denmark. The qualitative data were analyzed using content analysis.
Results: MS and treatment affected patients’ physical, cognitive and psycho-social functioning and
QoL. A main result was that, to the participants, the ability to uphold meaningful role functioning
was crucial to their treatment priorities. Anticipated future gains from treatment was therefore
modified by the impact of treatment side effects on present day functioning and QoL. Another
important result was that 27 of 40 participants reported some degree of cognitive impairment (CI).
Although this reduced QoL in many, the study showed much lacking knowledge about cognitive
symptoms in MS. This led to a follow-up study (by Lee Mortensen) focusing specifically on the
QoL impact of CI in MS. This included a new literature study and revisiting the previous qualitative
data focusing on MS-related CI. Upon detailed analysis, the participants reported a broad range of
cognitive problems affecting their professional and psychosocial QoL and functioning, in particular.

Discussion: Since the early 1990ies, MS-related CI has received increased research attention and
considerable knowledge has been gained. Yet, much is still uncertain regarding the underlying
pathological mechanisms, including the complex relationship between CI and other MS symptoms.
Our studies suggest that CI may receive inadequate clinical attention despite the negative QoL
impact experienced by patients. There is a gap in comprehensive knowledge about patient
perspectives on MS-related CI and its impact on their QoL and daily functioning. We aim to
explore this in an upcoming qualitative study set in Denmark.

1

Lee Mortensen G, Rasmussen PV. The impact of quality of life on treatment preferences in multiple sclerosis patients.
Patient Prefer Adher 2017;11:1789-96

Physical activity is associated with muscle strength and functional capacity
in people with multiple sclerosis independent of disease status
Riemenschneider M*, Dalgas U, Hvid LG
Section for Sports Science, Department of Public Health, Aarhus University, Denmark
*presenting author: mori@ph.au.dk

Background
Limited knowledge exist on the association between (spontaneous) physical activity and lower limb
muscle strength and functional capacity in people with MS (PwMS), particularly when taking
disease status into account. The present study hypothesised that such an independent association
exist.
Methods
PwMS: n=81 (27 males), age 49±11 years, EDSS 2.9±1.5, time since diagnosis (tsd) 9.3±6.9 years.
Physical activity: thigh-worn accelerometry (7 days, 18hours/day, 30sec epoch, counts per minute
(cpm)). Muscle strength: isometric knee extension (MVC) and early phase rate of force
development (RFD50ms). Functional capacity: 5 times sit-to-stand (5STS), 2-minute walk distance
(2MWD). Physical activity (cpm) tertile comparisons and regression analysis were carried out
(adjusting for age, gender, EDSS, tsd).
Results
Physical activity tertiles (low 389±93 < moderate 660±63 < high 929±153 cpm) revealed
differences in MVC (1.78±0.48 = 1.94±0.58 < 2.24±0.65 Nm/kg), RFD50ms (4.95±3.34 < 8.09±6.56
= 9.68±7.42 Nm/kg/s), 5STS (11.5±3.3 = 10.2±2.8 > 8.4±1.9 s), and 2MWT (158±57 < 185±21 <
209±33 m). Regression analyses revealed that physical activity (cpm) was associated (p<0.05) with
knee extension MVC and RFD50ms (r2=0.12-0.13) along with 5STS and 2MWT (r2=0.20-0.25). This
remained after adjusting for age+gender (r2=0.26-0.37 and 0.25-0.33, respectively) and
age+gender+EDSS+tsd (r2=0.28-0.39 and 0.30-0.58, respectively). Overall, physical activity (cpm)
was the strongest factor (β≈0.37), followed by age (β≈0.27), EDSS (β≈0.25), gender (β≈0.22), and
tsd (β≈0.06).
Discussion
Physical activity is associated with lower limb muscle strength and functional capacity in PwMS
independent of disease status, thus emphasizing the importance of doing high-intense/-volume
physical activities to preserve muscle strength and functional capacity.

Title: Identification of disability progression in pwMS by neuromuscular rate of force development
Authors: Jørgensen MLK, Riemenschneider M, Dalgas U, Michelsen AS, Hvid LG
Hypothesis: It was hypothesized that people with multiple sclerosis (PwMS) with higher EDSS
scores could be identified by greater deficits in neuromuscular function, particularly in outcomes
predominantly reflecting neurological factors.
Methods: A total of n=99 PwMS were enrolled (30 males, age 48±12 years, BMI 26±5 kg/m2, EDSS
2.9±1.5, disease duration 8.8±7.2 years) along with n=34 healthy age- and gender-matched controls
(HC) (10 males, age 49±19 years, BMI 25±4 kg/m2). Knee extensor neuromuscular function (isometric
voluntary contraction (MVC), rate of force development (RFD50ms and RFD200ms), activation level) was
assessed by use of isokinetic dynamometry. PwMS were divided into 3 subgroups according to their
EDSS scores (MSmild (n=51): EDSS 0-2.5; MSmoderate (n=33): EDSS 3-4.5; MSsevere (n=15): EDSS 56.5). Statistical analysis was performed using a linear mixed model, with group (HC vs. MSmild vs.
MSmoderate vs. MSsevere) as a fixed effect and subject id as a random effect.
Results: All PwMS subgroups revealed significant impairments in neuromuscular function relative to
HC in MVC (MSmild -10±25%, MSmoderate -14±24%, MSsevere -33±19%), RFD50ms (-22±60%, -36±54%,
-66±25%, respectively), RFD200ms (-12±40%, -20±37%, -51±2%, respectively), and activation level (7±17%, -13±17%, -17±20%, respectively).
Discussion: The primary findings of this cross-sectional study was that impairments in neuromuscular
function followed disability progression of MS (relative to HC), with HC > MSmild > MSmoderate > MSsevere
for all measured neuromuscular outcomes. This was likely caused by the advanced neurodegeneration
associated with disability progression (i.e. EDSS increments). Notably, rate of force development –
particularly in the very early phase of muscle contraction (RFD50ms) known to rely heavily on the
neurological system – was shown to be the most affected measure of neuromuscular function
accompanying disability progression in PwMS. More studies are needed to verify RFD as a simple
outcome that can be used to identify disability progression in PwMS.

Title: An experimental antibody-mediated optic neuritis model.
Authors: S.F. Sørensen, K. Soelberg, M. T. Mørch, D. Arengoth, T. Owens* and N. Asgari*
*Sharing Last authorship
Hypothesis: Administration of neuromyelitis optica spectrum disorder (NMOSD)-optic neuritis
(ON) patient-derived immunoglobulin G (IgG) specific for the astrocyte water channel aquaporin-4
(AQP4) into the cerebrospinal fluid (CSF) leads to complement-dependent astrocyte injury in the
optic nerve.
Methods: Purified AQP4-IgG from an NMOSD-ON patient or IgG from a healthy donor was given
together with human complement (C) to wildtype (WT) mice (C57BL/6J) or to interleukin (IL)-10
knockout (KO) mice as two consecutive intrathecal injections into CSF via cisterna magna. A total
of seven WT and four IL-10 KO mice received AQP4-IgG + C, four WT and three IL-10 KO mice
received normal-IgG + C. Three unmanipulated WT and two unmanipulated IL-10 KO mice were
also included. Mice were killed four days after receiving the first injection. The optic nerves were
isolated, fixed in paraformaldehyde and embedded in paraffin. Optic nerves were cut into 6 µm
sections, and immunostaining was performed. Histological changes were scored semiquantitatively
(0-3) in a blinded fashion.
Results: Intrathecal injection of AQP4-IgG + C induced astrocyte pathology with loss of AQP4 and
glial fibrillary acidic protein (GFAP), coincident with deposition of C in optic nerves of eight out of
11 (72.7%) mice (five out of seven WT mice and three out of four IL-10 KO mice). The pathology
appeared to have a similar occurrence and severity in WT and IL-10 KO mice. Pathology was not
observed in WT or IL-10 KO mice receiving normal-IgG + C.
Discussion: We describe the induction of ON in an animal model for NMOSD, utilizing the
intrathecal route for antibody administration, which mimicked a physiological approach for the
presence of antibody in the CSF. This animal model of antibody-mediated ON suggests a
mechanistic explanation for the unique susceptibility of the optic nerves to NMOSD and may clarify
the contribution of IL-10 signaling. Data are currently being repeated to ensure reproducibility.

Title: Multiple sclerosis-associated IL2RA gene variants, rs2104286 and rs11256593, affect
expression of CD25 on CD4+, but not CD8+, T cell subsets in genotype-selected healthy controls
Authors and affiliation: Sophie Buhelt1, Helle Bach Søndergaard1, Annette Oturai1, Henrik
Ullum2, Marina Rode von Essen1, Finn Sellebjerg1
1) Danish Multiple Sclerosis Center, Department of Neurology, Copenhagen University Hospital,
Rigshospitalet, Denmark
2) Department of Clinical Immunology, Center of Clinical Investigation, Copenhagen University
Hospital, Rigshospitalet, Denmark.

Introduction: The interleukin-2 (IL-2) receptor α (CD25) is important for T cell functions. Single
nucleotide polymorphisms (SNPs) rs2104286 and rs11256593 in or near the IL2RA gene, that
encodes CD25, increase the risk of multiple sclerosis (MS), an immune-mediated disease causing
neurological dysfunction and disability. However, the mechanism is poorly understood.
Hypothesis: We investigated how MS-associated IL2RA SNPs affected CD25 expression on T cells
ex vivo in genotype-selected healthy controls (HC).
Material and methods: The HCs were homozygous carriers for either the risk or protective alleles
of IL2RA SNPs rs2104286 and rs11256593. Risk allele carriers were paired with protective allele
carriers regarding sex and age and pairs were sampled and analyzed jointly by multiparameter flow
cytometry.
Results: We observed that risk allele carriers had a higher frequency of CD25+ recent thymic
emigrant CD4+ T cells (p = 0.006) and a lower frequency of CD25+ TFH1 cells (p = 0.001)
compared to protective allele carriers. Also, we found that risk allele carriers had lower surface
expression of CD25 on post-thymic expanded CD4+ T cells (CD31-CD45RA+) (p = 0.01), CD39+
TReg cells (p = 0.02) and on several CD4+ non-follicular memory subsets. In CD8+ T cells, we found
no association between CD25 expression and MS-associated IL2RA SNPs.
Discussion: In summary, we found novel effects of MS-associated IL2RA SNPs on expression of
CD25 on CD4+ T cells. Expression of CD25 is central for T cell responsiveness to IL-2. Thus, risk
allele carriers may have differential IL-2 responsiveness that contribute to the immunological
alterations in CD4+ T cells observed in MS patients.

Titel:

Molecular signature in brain lesions of progressive MS patients and the MS Atlas
Forfattere: Maria L. Elkjaer, Tobias Frisch, Richard Reynolds, Tim Kacprowski, Mark Burton, Torben A.
Kruse, Mads Thomassen, Jan Baumbach, Zsolt Illes

Hypotese: Active inflammatory demyelinating lesions in the white matter (WM) of MS patients
can be remyelinated or develop into inactive lesions. In the progressive phase, chronic active lesions
become prominent in the WM. To investigate mechanisms behind lesion evolution and fate, we
examined the transcriptome in normal-appearing WM (NAWM), active, inactive, remyelinating,
and chronic active lesions from progressive MS brains and control WM.
Metoder: Next generation RNA sequencing was performed on 75 lesions and 25 control tissue. To
investigate unique transcriptional changes in different lesion types, we (i) examined protein-protein
interactions in each lesion type by de novo network enrichment of differentially expressed genes
(DEG); (ii) determined lesion-specific pathways based on DEGs only in one lesion type; (iii)
identified signatures of significant DEGs different between at least two lesion types; (iv) validated
expression and cellular source by immunohistochemistry (IHC), immunofluorescence (IF) and
RNAscope. We also created a user-friendly web interface (MS Atlas) which allows for interactively
analyzing the MS brain lesion types.
Resultater: Out of 18722 expressed genes, 4223 were DEGs in MS compared to control.
CD26/DPP4 was among the six upregulated DEGs in NAWM expressed by microglia. We
identified two clusters of 62 DEGs that separated chronic active from all other lesion types by an
inverse regulation pattern. The gene of an emerging biomarker, CHI3L1 (chitinase-3-like protein-1)
was such unique upregulated DEG in chronic active lesions: combined IHC and RNAscope
revealed expression on astrocytes in the rim of chronic active lesions. De novo network enrichment
of DEGs with inverse regulation in chronic active versus remyelinating lesions identified TGFb-R2
as a central hub for remyelinating lesions: IHC and RNAscope showed TGFb-R2 expression by
astrocytes in remyelinating lesions.
Diskussion: The transcriptome signature of chronic active lesions was different from all other
lesion types. Microglial CD26 and astrocytic CHI3L1 may be key molecules in early and chronic
active lesion evolution. TGFb-R2 expressed by astrocytes in remyelinating lesions may be
important in repair. The compendium of mechanistic MS lesion type profiles in MS Atlas is a novel
interactive tool to fuel multiple sclerosis research and a new basis for MS treatment hunt.

Perfluorinated substances, risk factors for multiple sclerosis and cellular immune
activation

Forfattere: Cecilie Ammitzbøll, Lars Börnsen, Eva Rosa Sansone Petersen, Annette Bang Oturai,
Helle Bach Søndergaard, Philippe Grandjean, Finn Sellebjerg.
Background: Perfluorinated alkylated substances (PFAS) have immunomodulatory effects in
humans. The impact of PFAS in multiple sclerosis (MS) is unknown and the influence of PFAS and
known MS risk factors on cellular immune functions is only sparsely described.
Objective: To investigate if PFAS are associated with MS and to identify potential cellular immune
mechanisms of PFAS in comparison with known MS risk factors.
Methods: Long chain PFAS concentrations were measured in serum from patients with MS (n =
76) and compared with healthy controls (HC) (n = 86). MS-related PFAS and known MS risk
factors were correlated with immune cell phenotypes in HC.
Results: We found lower serum-concentrations of the long chain PFAS perfluorooctane sulfonic
acid (PFOS), in MS than in HC. In HC we did not detect associations between PFOS concentrations
and immune phenotypes. Smoking was associated with lower circulating MAIT cells and increased
percentages of CD86+ B cells and ICOSL+ plasmacytoid dendritic cells. Epstein–Barr nuclear
antigen 1 antibodies were associated with lower activated T follicular cell frequencies and higher
frequencies of interferon-γ and GM-CSF producing CD4+ T cells.
Conclusion: Current background PFAS exposure is not an important risk factor for MS.
Conversely, our findings suggest a potential protective effect of serum-PFOS concentrations on MS
which may be attributed to an immunosuppressive effect of PFOS. We confirm a suppressing effect
of smoking on circulating MAIT-like cells as well as a linkage between EBV infection and GMCSF and IFN-γ producing CD4+ T cells. These findings add to the importance of studying the
effect of MS risk factors in healthy controls and its capacity to provide mechanistic insights into the
pathogenesis of complex immune-mediated diseases such as MS.

Novel visual investigations in patients with optic neuritis with antibodies to MOG or aquaporin4
Jette Lautrup Frederiksen, Klinik for synsnervebetændelse og sclerose, Rigshospitalet Glostrup
Hypothesis: Neuromyelitis optica spectrum disorders are rare inflammatory diseases of the central nervous
system (CNS). Aquaporin 4 (AQP4) antibodies are present in some patients and antibodies to Myelin
Oligodendrocyte Glycoprotein (MOG), a surface protein of the myelin sheath in CNS, in others. MOG
antibodies are however not specific for NMOSD. We aimed to characterize these subgroups with optic
neuritis (ON) with regards to results of clinical and novel visual investigations to obtain pathophyiological
knowledge.
Methods: Patients with ON were examined for antibodies against AQPA4 and MOG and had extensive tests
of the visual function, full-field (ff) and multifocal (mf) visual evoked potentials (VEP) and optic coherence
tomography (OCT) performed.
Results: Antibodies to MOG were more frequent than antibodies to AQPA4 in this consecutively referred
population-based cohort in a geographically well-defined area. Patients with MOG antibodies were often
monophasic and tended to distinguish phenotypically from typical ON patients by some being younger and
having a more equal gender distribution. Results of ff and mfVEP and the thickness of the retinal nerve fiber
layer and ganglion cell layer by OCT varied between patients.
Discussion: Patients with ON with antibodies to MOG seem as a group to distinguish themselves
phenotypically from typical ON. The novel methods mfVEP and OCT enabling functional-structural
correlations may contribute to the pathophysiological understanding of these rare cases, but further
research is needed to establish the value and clinical implications of these investigations.

Institution: Clinic of Optic Neuritis and Clinic of Multiple Sclerosis, Righospitalet-Glostrup
Title: Functional -structural assessment of the optic pathways in patients with optic neuritis
Authors: Mathias Falck Schmidt, Gorm Pihl-Jensen, Jette Lautrup Frederiksen
Hypothesis: To evaluate whether spectral domain optical coherence tomography (SD-OCT) and
multifocal visual evoked potential (mfVEP) are potentially better biomarkers than conventional fuel
field visual evoked potential (ffVEP) in diagnosing Optic Neuritis (ON).
Methods: A total of 33 ON patients were summoned and examined in Clinic of Optic Neuritis between
May 2017 and September 2017. A total of 126 eyes (66 eyes of patients with history of ON and 60 eyes
of a sex and age matched healthy control (HC) group) were investigated.
Inclusions criteria were normal results on conventional full field visual evoked potentials (ffVEP) in
patients with symptoms of ON seen in Clinic of Optic Neuritis. Both eyes of the patients and controls
were examined with OCT and mfVEP and comparative statistical analysis were performed (incl. t-test,
Spearman's Rank-Order Correlation test using SPSS Statistics, Version 24.0. )
Results: With regards to OCT data, a significant group difference was found in mean RNFLt between
patients and HC (p=0.027) (i.e. 84.24 (±17.00) μm vs 92.54 (±8.59)). A significant difference found in
the inter-eye asymmetry of mean RNFLt between patients and HC (p=0.035) (i.e. 7.33(±8.48) μm vs
2.54 (±2.06)). In correlation analysis, an association was detected in patients between the inter-eye
asymmetry of mean RNFLt and global (averaged) mfVEP amplitude (r = 0.565, p = 0.002). When
analysing mfVEP sectors, a significant group difference was found in mean mfVEP amplitude between
patients and HC (p=0.002) (i.e. signals produced from the 16 paracentral sectors in the upper
hemifield). Also in peripheral sectors of lower hemifield, a significant difference was found in inter-eye
asymmetry of mfVEP amplitude between patients and HC (p=0.039).
Discussion: In summary, this study provides evidence that pathologic changes are potentially
measurable (via reduced RNFLt and focal analysis of mfVEP amplitude) in patients suspected of
having a first episode of ON, but where ffVEP reports normal results (i.e. no prolonged p100 latency
and no reduced VEP amplitude). The mfVEP and SD-OCT may together be of value as supplementary
tools in diagnosing patients on suspicion of a first episode of ON where ffVEP reports no abnormality.
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