
Figure 5:  Nurr1 target gene expression after vidofludimus calcium treatment in EAE models

EA E m ice r eceived vidof ludim us calcium (V idoC a,  15 0 m g/kg) as d escrib ed in Figur e 4. E xp ression  of Nurr 1 an d its  target  genes  in br ain and spinal cord  was  assessed by qu antit ative real -tim e PCR.  Stat ist ical d iffere nces were  d eter mined  b y u npair ed two -

tailed  Studen t’s  t-test.
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Vidofludimus Calcium Requires Nurr1 to Promote Neuronal Survival In Vitro and is Associated with
Neuroprotective Effects in Murine Models of Multiple Sclerosis 

Mehrnoosh Jafaria Hongmin Wub Evelyn Peelena Christian Gegea Daniel Vittc Zuoming Sunb Hella Kohlhofa

aImmunic AG, Graefelfing, Germany, bBeckman Research Institute of City of Hope, Department of Immunology & Theranostics, Duarte, CA United States, cFormerly Immunic, Inc./AG, USA/Germany

• Vidofludimus calcium may provide neuroprotective effects in both in vitro and in 

vivo models. 

• These neuroprotective effects may be mediated by activation of nuclear 
receptor-related factor 1 (Nurr1). Dihydroorotate dehydrogenase (DHODH) 

inhibition alone is insufficient to fully explain the pro-survival effects.

• These findings provide additional preclinical evidence of the effects of 
vidofludimus calcium on pathways associated with neuronal survival and 
neuroinflammation; the relevance to clinical outcomes has not been 

established.

Conclusions

Introduction/Aim Methods

• Nurr1 regulates transcriptional 

programs relevant to neuronal 
survival, maintenance, and 
integrity. In microglia and 

astrocytes, it restrains pro-
inflammatory gene expression that 
contributes to neuronal loss1-3. 

• Higher Nurr1 expression is 
associated with greater neuronal 
density. Additionally, nuclear 

Nurr1 localization in layer 3 
neurons is correlated with older 
age-at-death and delayed time to 

wheelchair in progressive multiple 
sclerosis (PMS)4. 

• Vidofludimus calcium, currently in 
clinical development for MS, 

directly activates Nurr1 and 
selectively inhibits DHODH. 

• Here we present additional pre-
clinical evidence suggestive of a 

Nurr1-dependent neuroprotective 
mechanism of vidofludimus 
calcium.

• In vitro studies assessed the 

direct and indirect effects of 
vidofludimus calcium to promote 
neuronal survival under 

neurotoxic conditions and 
evaluated the role of Nurr1 in 
mediating these effects. 

• In vivo, murine MOG35-55-induced 
experimental autoimmune 
encephalomyelitis (EAE) models 

were used to assess the 
neuroprotective potential
of vidofludimus calcium. 

• Statistical differences were 

determined by ANOVA with 
appropriate multiple-comparison 
post hoc tests or unpaired two-

tailed Student’s t-tests (see figure 
legends for details). Data are 
shown as mean ± SEM. P values: 

*<0.05; **<0.01, ***<0.001, 
****<0.0001.

Results

Figure 2:  Vidofludimus calcium promotes neuronal survival under apoptotic 

stress in vitro

Figure 1:  Vidofludimus calcium promotes Nurr1-

dependent neuronal survival in vitro

Figure 3:  Vidofludimus calcium attenuates 

microglia-induced neuronal cell loss

Figure 4: Vidofludimus calcium treatment suggests neuroprotective potential in 

EAE 

• Vidofludimus calcium promoted neuronal survival under apoptotic conditions 
in cells expressing Nurr1 (blue bar, NonT). When Nurr1 was knocked out, this 
ef fect was abolished (blue bar, sgNurr1), indicating that Nurr1 is required for 

vidofludimus calcium-mediated neuroprotection. 
SH-SY5Y cells,  a hu man neu ron al n euro blast oma cell line, wer e treat ed with  vidof ludim us calcium (1 µ M) f or 1 ho ur, pr ior t o tum or 
necro sis  factor-α at 50 ng/ml and  cyclohexim ide at 20 µg/ml (TNFα+ CH X) fo r 6 hour s t o indu ce apo pto sis . Cell survival was qu antif ied by 

An nexin V/Live-D ead flow cytom etr y in  con tro l cel ls with  Nur r1 expr ess ion (Non T) and in cells  wit h s table CR ISPR/C as9 -med iated Nur r1 

knockou t (sgNur r1).  Sim ilar pr o-survival effect s were  seen fo llowing 6-hydr oxydopam ine (6-OHD A)-ind uced apopt oti c s tre ss  

(supp lement al Figu re 1).  Stat ist ical dif feren ce s were d eter mined b y  o ne-way ANOV A fo llowed by Sidak’s  mult iple comp ar iso ns t est .

• Vidofludimus calcium at  3, 10 and 30 µM promoted neuronal survival under apoptotic conditions.  A similar neuroprotective 
ef fect was not observed with teriflunomide (a DHODH inhibitor), suggesting that the observed pro-survival effect involves 
mechanisms beyond DHODH inhibition.

H uman SH-SY5Y cells wer e tr eated with  increas ing co ncentr ation s of  vid oflud imus  calcium  or te riflun omid e (DH ODH  inhib itor ) for  1 ho ur, fo llowed by incub ation wit h TNFα +CH X as describe d in Figure 1. C ell 

survival was qu antif ied by flow cytom etr y.  Stat ist ical dif feren ce s were d eter mined b y  o ne-way ANOV A fo llowed by D unn ett’s  mult iple comp arisons  test.

• Vidofludimus calcium attenuated microglia-induced neuronal loss in a 
human microglia-neuronal co-culture, suggesting indirect 
neuroprotect ive effects (above and Supplemental Figure 2).

H MC 3, a h uman micr oglia cell  lin e, and SH-SY5Y-GFP cells  were co-cultu red at  a 1:1 r atio. Ce lls were  t reat ed with
Vid oflu dimus  calciu m (1 µM ) for  1 hour , followed  by st imulati on with  1 µ g/ml o f lipopo lysaccharide  ( LPS)  an d 50 ng/ml of 
int erfer on gamm a ( IFN-γ) for  24 hou rs t o indu ce m icr oglia activation . Neu ronal cell survival was qu antif ied by flow 

cytom etry based on  the nu mber  of live SH-SY5Y-G FP cells . Stat ist ical dif feren ce s were d eter mined b y u npair ed two-tailed  
Stu dent ’s t-test.

EA E m ice r eceived vidof ludim us calcium (150  m g/kg) or  vehicle per or al gavage daily pr oph ylact ically (5 d ays  post -imm unization ) or  ther apeut ically (o nce r eached a clinicalsco re ≥ 1). Plasma BD NF and  NfL were m easur ed 
us ing comme rcial ki ts accord ing to t he manu fact ure r’s in st ructio ns . Bio Tek Syn ergy HTX  M ult imod e Reader was  use d for  t he read out s.  Red uced disease  severit y and decreased CNS immu ne-cell infilt ratio n are shown  in  

Supp lement al Figures  3 and 4. Stat ist ical dif feren ce s were d eter mined b y u npair ed two-tailed  Studen t’s  t-test.

• Prophylactic and therapeutic 
treatment of female EAE mice 
with vidofludimus calcium 

increased plasma brain-derived 
neurotrophic factor (BDNF) 
levels and reduced plasma 

neurofilament (Nf L)  levels. 

• BDNF, a potential peripheral 

biomarker for Nurr1 activation, 
is implicated in neuroprotective 
pathways, whereas NfL is a 

biomarker of axonal damage 
and neurodegeneration. 
Together these findings  

suggest neuroprotective 
potential of vidofludimus 
calcium.
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• Prophylactic and therapeutic 
treatment of EAE mice with 
vidofludimus calcium 

upregulated Nr4a2 (gene 
that encodes Nurr1) and 
Nurr1  target genes, ty rosine 

hydroxy lase (Th), superoxide 
dismutase 1 (Sod1), and 
cytochrome c oxidase 

subunit 5b (Cox5b) in the 
brain and spinal cord. 

• These genes are implicated in 
neuronal function (Th), 
protect ion against oxidative 

stress (Sod1), and support  of 
cellular energy production 
(Cox5b).  Their upregulation 

suggests activat ion of Nurr1-
associated pathway s linked 
to neuroprotection.
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Abbreviations: BDNF, brain-derived neurotrophic f actor; DHODH, dihydroorotate dehydrogenase; Cox5b, cytochrome c oxidase subunit 5B; EAE, experimental autoimmune 
encephalomyelitis; IFN-γ, interferon gamma; LPS, lipopoly saccharide; MS, multiple sclerosis; NonT, non -targeting; NfL, neurofilament light chain; Nurr1 (Nr4a2), Nuclear receptor-related 
factor 1; PMS, progressive multiple sclerosis; SEM, standard error of the mean; sgNurr1, stable CRISPR/Cas9-mediated Nurr1 knockout; Sod1, superoxide dismutase 1; Th, tyrosine 

hydroxy lase; TNFα+CHX, tumor necrosis factor-α and cycloheximide; VidoCa, vidofludimus calcium
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Vidofludimus Calcium Requires Nurr1 to Promote Neuronal Survival In Vitro and is Associated with
Neuroprotective Effects In Murine Models of Multiple Sclerosis 

Supplemental Figure 4: Vidofludimus calcium decreases CNS immune 
cell infiltrates in EAE models

Supplemental Figure 1: 
Vidofludimus calcium promotes 
neuronal survival under 
neurotoxic conditions in vitro

Supplemental Figure 2: Microglia-dependent 
neuronal cell loss and anti-inflammatory effects of 
vidofludimus calcium in vitro

Supplemental Figure 3: Vidofludimus calcium 
attenuates disease severity in EAE models

Abbreviations: 6-OHDA, 6-hydroxy dopamine; CD, cluster of differentiat ion; EAE, experimental autoimmune encephalomyelit is ; GM -CSF, granulocyte-macrophage colony-stimulating factor; IFN-γ, interferon gamma; IL, interleukin, LPS, lipopolysaccharide; Th, T helper;  TNF -α, tumor necrosis factor-α

Le ft: SH-SY5Y ce lls  culture d without HMC3 microglia were stimulated with LPS (1 

µg/mL) and IFN-γ (50 ng/ml) for 2 4 hours. The  number of live SH-SY5Y-GFP cells was 
quantified by flow cytome try.

Right: HMC3 microglia were pretreated with vidofludimus calcium (0.1 µM, blue bars) 

for 4 hours, followed by 24 hours of stimulation with LPS (1 µg/mL). The expression of 

cytokine s was quantified by qRT-PCR.

EAE mice rece ived 150 mg/kg of vidofludimus calcium as de scribed in Figure 4. 
Severity of EAE was monitored by an investigator and a clinical score ranging from 0 

to 5 was assigned: 0=no disease; 0.5= partially limp tail;  1=paralyzed tail; 2= hindlimb 

weakness; 3=hind limb paralysis ; 4=hindlimb and forelimb paralysis;  5=moribundity 
and death.

6-OHDA
vidofludimus calcium 
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• Lower absolute numbers of proinflammatory CD4+ T helper (Th) cells, including Th17 (IL-17A+), GM-
CSF+ Th and Th1 subsets (IFN-𝛾+) were observed in the CNS of EAE mice after vidofludimus calcium 
treatment, suggesting reduced CNS infiltration and inflammation.

Absolute number of I L-17A+, GM-CSF+, and IFN-γ+ ce lls  among CD 4+ T ce lls  recove red from the  CNS of EAE mice were 
quantified  using flow cytometry.  EAE mice  we re tre ated with  150 mg/kg of vidofludimus calcium as describe d in Figure 4.  
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• Vidofludimus calcium promoted neuronal 

survival under neurotoxic conditions at 1 
µM, this effect was lost following Nurr1 
knockout.

Human neuronal neuroblastoma SH-SY5Y ce lls  we re 

treated with vidofludimus  calcium for 4 hours, followe d by 
incubation with  6-hydroxydopamine (6-OHDA, 10 µg/ml) 

for 16 hours to induce apoptosis. Cell survival was 
quantified by Annexin V/Live-Dead flow cytometry. 

• In this assay, the absence of neuronal loss in cultures lacking microglia 
suggests that LPS- and IFN-γ-induced neurotoxicity is mediated by 
microglia rather than a direct effect on neurons.

• Vidofludimus calcium (blue bars) reduced mRNA expression of the 
pro-inflammatory cytokines in LPS-stimulated HMC3 microglia, 
suggesting attenuation of microglial inflammatory activity. • Vidofludimus calcium attenuated disease severity in both 

prophylactic and therapeutic EAE models (blue lines). In the 
prophylactic EAE model, vidofludimus calcium-treated mice 
showed lower disease severity and a greater percentage of 
disease-free animals (clinical score of 0) compared with 
vehicle-treated mice. 
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