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1 INTRODUCTION
Multiple Sclerosis (MS) is a debilitating autoimmune disorder of the central nervous system (CNS) with a complex
etiology involving inflammation, demyelination and axonal damage. MOG35-55 induced experimental autoimmune
encephalomyelitis (EAE) in mice is a widely accepted in vivo model of MS involving T lymphocyte egression from the
peripheral lymph nodes across the blood brain barrier to the CNS. This will lead in neuroinflammation resulting in
clinically observable symptoms, demyelination and axonal damage. We assessed long-term disease progression in this
model and the effect of a market therapeutic fingolimod on clinical manifestation, brain lesion development,
neurofilament light chain levels in CSF and immune cell-associated mRNA expression profile in the spinal cord.

2 METHODS
All experiments were carried out according to the NIH guidelines for the use of laboratory animals, and approved by the
National Animal Experiment Board. Charles River C57Bl/6J mice, 10 weeks of age at the start of the study, were housed
in a controlled environment with food and water available ad libitum. Prior to the start of the experiments, the mice were
screened for portal vein shunt indicated by high bile acid concentration in plasma. Animals with abnormally high bile acid
levels were excluded from the study.

To induce EAE, 10 mice were inoculated (s.c.) with 100 µg of MOG35-5 in Complete Freund’s Adjuvant (CFA) on D0 and
monitored until D42. Inflammatory response was further stimulated with two i.p. injections of pertussis toxin (PTX) on
days 0 and 1. Sham-inoculated mice were used as controls (n=5) and were treated with PBS instead of MOG35-5. The
animals were monitored until D42 and clinical symptoms were assessed and scored and body weight was measured
every day (D0-42). The mice were administered daily (p.o., 10 mL/kg) with vehicle (n=5 sham mice, n=10 EAE mice) or
fingolimod (0.5 mg/kg, n=10 EAE mice). Gadolinium (Gd) contrast-enhanced T1-MRI was performed periodically.

On D42, the mice were euthanized and cervical spinal cord segment and cerebrospinal fluid (CSF) collected via cisterna
magna puncture. Neurofilament Light chain (NfL) levels in CSF were measured by the Quanterix Simoa NF-Light®
assay. Cervical segment spinal cord samples were used for NanoString mRNA expression analysis with an autoimmune
profiling panel. Data was analysed using NanoString nSolver Advanced Analysis software.

3 RESULTS
The animals followed a typical chronic progressive disease course: disease symptoms emerged 8-12 after immunization
in the EAE Vehicle-treated group and the peak of the clinical sores was observed on D17 after which the symptoms
stabilized until the end of the study (Figure 1). In mice that were prophylactically treated with fingolimod, the disease
symptoms were either completely prevented or showed only mild clinical signs.

NfL levels assessed from a small subset of sham and EAE vehicle-treated animals at D42 were markedly higher in of
EAE mice when compared to the sham mice (Figure 2) indicating excessive axonal damage.

Native mRNA analysis revealed significant upregulation of mRNAs encoding proteins in several cytokine-cytokine
receptor-related autoimmune pathways. Ten most significantly upregulated mRNAs are presented in Table 1. EAE
induction also led to changes in distinct immune cell signatures suggesting an increase in autoimmunity-associated cell
subsets such as exhausted CD8 cells and macrophages, compared to sham mice (Figure 5). B cell markers were
however not significantly altered which is in line with previous findings that the MOG35-55 EAE model induction and
disease progression does not require the contribution of B cells.

T1-MRI scanning revealed severe leakage of the blood brain barrier and lesioning of multiple brain regions in EAE mice
at D14. These pathological findings were ameliorated by fingolimod-treatment (Figure 3).

The manifestation of clinical symptoms in the EAE mice were accompanied by upregulated expression of mRNAs involved
in autoimmune response 42 days post immunization. Both clinical symptoms and the mRNA expression response were
ameliorated by prophylactic treatment with fingolimod that led to clinical scores and gene expression profiles being rescued
towards sham control mice. Quantitative determination of NfL levels for CSF could serve as translational biomarker of
diseases progression. NfL levels were significantly elevated in the CSF of EAE mice indicating extensive axonal damage,
thus providing an appropriate tool for preclinical investigation of NfL levels in MS.

Taken together, our MOG35-55 EAE model offers possibilities for efficacy testing and unravelling the mechanisms of action 
with different treatment strategies.

Figure 1. Clinical scores of EAE- and sham-inoculated mice 0-42 post immunization with MOG35-55. Sham Vehicle, n = 5, EAE Vehicle, n =
10, EAE Fingolimod, n = 10. Clinical symptoms assessing the extent of weakness and paralysis in the muscles were scored daily on a scale
from 0 to 5 (0 indicating no symptoms and 5 moribund or disease-related mortality). Clinical scores are presented as mean ± SEM. * p <
0.05, Sham versus EAE Vehicle; # p < 0.05, EAE Vehicle versus EAE fingolimod (Mann-Whitney U test).
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Figure 5. Cell type profiles compared between the experimental
groups. Genes previously shown to be characteristic of various cell
populations were used to measure these populations' abundance.
Plotted are raw cell type abundance measurements in covariates (y-
axis) against treatment group. Sham Vehicle, n = 4; EAE Vehicle, n =
10; EAE fingolimod, n = 9. A) Changes in the levels of all cell types, B)
T cells, C) Macrophages, D) B cells

Figure 2. NfL concentration in the CSF of sham and EAE mice 42 days after EAE induction. Sham Vehicle, n = 3, EAE Vehicle, n = 5. NfL
levels are presented as mean ± SEM * p < 0.05, Sham versus EAE Vehicle (Unpaired t-test).

Table 1.  Top 10 significant differentially express mRNAs in EAE-vehicle mice compared to sham.

Figure 3. Gadolinium contrast enhanced T1-MRI at day 14 post EAE induction. Sham vehicle mice show essentially no contrast
enhancement, whereas EAE vehicle mice show several focal Gd-enhancing lesions in the brain. EAE Fingolimod animals show more minor
diffuse increase in Gd-contrast enhancement, but no focal lesions. In addition, both EAE induced groups show higher level of entrance of Gd
to the ventricular space. Colorbar indicates %-increase of Gadolinium enhanced T1 signal (Post-Gd – Pre-Gd)/Pre-Gd.

Figure 4. Cluster analysis comparing global changes in mRNA expression in all samples. Heatmap of the normalized data, scaled to give all
genes equal variance, generated via unsupervised clustering. Orange indicates high expression; blue indicates low expression. This plot is
meant to provide a high level exploratory view of the data. Each column represents the expression profile of one animal, whereas each row
represents single Z-score. Data clustering reviled expression profiles separation of the EAE (gray) Sham (orange) and EAE+Fingolomod
(green) groups. Coloured bars above the array indicate treatment group where Group 1: Sham-treated samples + vehicle (n=4),
Group 2: EAE-treated samples + vehicle (n=10), Group 3: EAE-treated samples + Fingolimod (n=10)

Spinal cord autoimmune profiling with NanoString gene expression analysis

Figure 6. Magnitude of changes in autoimmune gene expression in EAE model and after the Fingolimod treatment. Volcano plot displays each
gene's -log10 (p-value) and log2 fold change of EAE compared to Sham and EAE+ Fingolimod compared to EAE. Highly statistically significant
genes fall at the top of the plot above the horizontal lines, and highly differentially expressed genes fall to either side. Horizontal lines indicate
various False Discovery Rate (FDR) thresholds or p-value thresholds if there is no adjustment to the p-values. Genes are colored if the resulting
p-value is below the given FDR or p-value threshold. The 40 most statistically significant genes are labeled in the plot.
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4 CONCLUSIONS

mRNA
Linear fold

change
Description P-value

Il1r1 5,3 Receptor for IL-1α and IL-β and IL-1 receptor antagonist 2,16E-11

Pvr 2,05 Poliovirus receptor (CD155) 4,21E-11

Csf1 2,82 Stimulates stem cell differentation to macrophages 7,28E-11

Il2rg 40,9 IL-2 receptor gamma chain, activation directs lymphocyte maturation and growth 2,81E-10

Fcgr4 223
Recetor promoting neutrophil activation, phagocytosis by macrophages, antigen presentation to T cells
and proinflammatory cytokine production

3,24E-10

Ms4a4a 26,5 Widely expressed in hematopoetic cels 4,01E-10

Cd34 2,73 Hematopoetic cells. Adhesion molecule on lymph node endothelium, needed for T cell to enter. 5,05E-10

Tlr4 8,3
Toll-like receptor 4; activates pathways leading NF-κB activation and proinflammatory cytokine 
producton

6,63E-10

Fcgr2b 31,1 IgG Fc region receptor, controls immune complex phagocytosis and B cell antibody production 8,01E-10

Irak4 4,4 Crucial part of the TLR pathway leading to AP-1 and NF-κB upregulation 8,42E-10


