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The “Father of Multiple Sclerosis”

Triad:

• Nystagmus

• Intention Tremor

• Dysarthria

Sclerose en plaque

Zalc, B. Brain 2018: 
141; 3482–3488

Jean Martin Charcot 
(1825–93)



Gross examination
(autopsy)



Microscopic examination



CSF Analysis in MS
• Cell count (typically < 50 WBC)
• WBC differential (typically ~ 80-90% L)
• “Trotter studies”

– IgG Index
– Albumin Index
– IgG synthesis rate
– Oligoclonal bands

• Other routine values for exclusion of 
other diseases (protein, VDRL, etc.)
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H. Link, Y.-M. Huang / Journal of Neuroimmunology 180 (2006) 17–28

IEF only IEF + IF



“Active”“Passive”

A Model for Multiple Sclerosis: 
Experimental Autoimmune Encephalomyelitis (EAE)

Current Protocols in Neuroscience (2001) 9.7.1-9.7.11
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Adaptive Immunity

MHC class II

T cell receptor (TCR)

B cell receptor (BCR)



Dalaka, Nature Clinical Practice Neurology; 2008 vol 4 no 10

(aka BLyS)







Outcome Measures in MS Trials

T2 lesion 
volume

Gd+ 
lesions

1 - 1.5 = No Disability 

2 - 2.5 = Disability is Minimal 

0 = Normal Neurologic Examination 

3 - 3.5 = Disability is Mild to Moderate 

4 - 4.5 = Disability is Moderate 

5 - 5.5 = Increasing Limitation in Ability to Walk 

6 - 6.5 = Walking Assistance is Needed 

7 - 7.5 = Confined to Wheelchair 
8 - 8.5 = Self-Care with Help 

9 - 9.5 = Completely Dependent 

10 = Death Due To MS 

1. Timed 25-Foot Walk (T25FW)
2. 9-Hole Peg Test (9HPT)
3. Paced Auditory Serial Addition 
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Rituxan – patent expired in 2015
Ocrelizumab – patent ?

Phase I: Researchers test a new drug or treatment in a small 
group of people for the first time to evaluate its safety, determine 
a safe dosage range, and identify side effects.

Phase II: The drug or treatment is given to a larger group of 
people to see if it is effective and to further evaluate its safety.

Phase III: The drug or treatment is given to large groups of 
people to confirm its effectiveness, monitor side effects, compare 
it to commonly used treatments, and collect information that will 
allow the drug or treatment to be used safely.

2008
Hauser NEJM

Phase II trial with 
Rituxan
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FDA approved 

for NHL

2010
Re-structured agreement 

for anti-CD20 targeting

IDEC

Makes 
Rituximab 

1986

GENENTECH

Co-Develops 
Rituxan with Idec

1995

BIOGEN

Merges with 
Idec
2003

ROCHE

Shotgun wedding 
with Genentech

2009

B Cell Depletion Therapy in MS

Ocrelizumab 
approved for 

RRMS and PPMS
2017





Hauser et al, N Engl J Med. 2017 Jan 19;376(3):221-234



Epstein-Barr Virus & MS



Age of EBV Infection and MS Risk
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No EBV infection

IM = infectious mononucleosis.
Ascherio A and Munger KL. Ann Neurol. 2007;61:288-299.



Immuno-pathophysiology of MS

Nature (2022) 603:321-7



“Moderna Starts Human Trials Of mRNA Vaccine 
For Virus That Likely Causes Multiple Sclerosis”

“…most cases of MS could be prevented by 
stopping infection with EBV, as well as opening up 
the possibility of a cure for MS by ‘targeting EBV’”

Causality vs Therapy/Prevention

https://www.forbes.com/sites/roberthart/2022/01/14/moderna-starts-human-trials-of-mrna-vaccine-
for-virus-that-likely-causes-multiple-sclerosis/?sh=4ca948c51a04



Immuno-pathophysiology of MS



Giovannoni Neurotherapeutics (2017) 14:874–887



Giovannoni, et al. N Engl J Med 2010;362:416-26.

Cladribine Efficacy for Relapsing MS



Giovannoni. Neurotherapeutics (2017) 14:874–887



Deisenhammer et al Frontiers Immunol. (2019) 10 | Article 726
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Immuno-pathophysiology of MS



Bruton’s Tyrosine Kinase Inhibition

Hendriks RW. Nature Chemical Biology volume 7, pages4–5 (2011)



Bruton’s Tyrosine Kinase Inhibition

OLE period
Statisti
cs

Dose received in the DBPa

Total
(n=213)

Placebo/ 
Evobrutinib 
25 mg QD 

(n=39)

Evobrutinib
25 mg QD

(n=39)

Evobrutinib
75 mg QD

(n=42)

Evobrutinib 
75 mg BID

(n=44)
DMF

(n=49)
OLE W0 to switch 
from evobrutinib 
75 mg QD to 75 
mg BID doseb

ARR 0.30 0.22 0.13 0.16 0.15 0.19

95% CI 0.15–0.53 0.09–0.43 0.04–0.31 0.07–0.34 0.05–0.32 0.13–0.26

From time of 
switch to 
evobrutinib 75 
mg BID until OLE 
W132b

ARR 0.10 0.13 0.07 0.11 0.10 0.10

95% CI 0.03–0.22 0.05–0.27 0.02–0.18 0.04–0.23 0.04–0.22 0.07–0.14

OLE W0 to OLE 
W132

ARR 0.18 0.17 0.09 0.13 0.12 0.14

95% CI 0.10–0.29 0.09–0.28 0.04–0.18 0.07–0.22 0.06–0.21 0.11–0.17



Immuno-pathophysiology of MS



APC

MOG-specific
CD4 T cell

pMHCII-CAR

◁ Effector

◁ Target



Efficacy of pMHCII-CAR T cells in EAE
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Chimeric Antigen Receptor (CAR) T 
Cell Therapies

Traditional CAR T cells

• Specificity
• Potent killing

Poorebrahim et al Oncogene 40: 421-35 (2021) Zmievskaya et al. Biomedicines. 2021;9(1):59.



Bone marrow transplantation for MS

• “Stem cell therapy”

• BEAT-MS Trial: compares ‘best available’ 
therapy



Summary

• MS is a heterogeneous disease
• Abundant disease-modifying therapies are 

available
• Reverse-translation of MS medications 

sheds light on pathophysiology
• Numerous emerging therapies for MS are 

on the horizon



“The researchers say that the association between EBV and MS risk was too strong to be explained 
by any other known MS risk factors. The findings strongly suggest that EBV is part of the chain of 
events that leads to most cases of MS. However, EBV in itself is not sufficient to trigger MS.”
“Epstein-Barr virus does not cause MS, but the immune response to this virus is different in MS 
patients, and our hypothesis is that the altered immune response contributes to the development and 
progression of the disease.”
“Professor Alberto Ascherio stressed that EBV is necessary, but not sufficient, for someone to 
develop MS. In other words, you have to be infected with EBV to get MS, and the other risk factors 
associated with MS only become relevant in the presence of EBV.”

Mechanisms of EBV

https://www.nih.gov/news-events/nih-research-matters/study-suggests-epstein-
barr-virus-may-cause-multiple-
sclerosis#:~:text=The%20researchers%20say%20that%20the,not%20sufficient%2
0to%20trigger%20MS.
https://doi.org/10.1016/j.msard.2022.104158


