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➢Multiple sclerosis is a chronic autoimmune demyelinating disease of the CNS 

directed against myelin proteins. The pathological process is characterized by 

neuroinflammation, causing extensive demyelination, gliosis, and axonal damage.

➢MS is highly heterogeneous, as reflected by large variability in its clinical course, 

timing of relapses, and rate of disability progression. Although 15% of patients 

remain disability-free even decades after diagnosis and are defined as benign MS, 

over 50% of patients will need assistance in walking, and as many as 15% of patients 

with MS will have rapid progression, and reach a significant level of disability within 

a short period of time. The heterogeneity of the disease process complicates MS 

management, as the individual patient's disease course cannot be anticipated at 

diagnosis.
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•Individuals with poor prognostic features should be recommended 
high-efficacy therapies early on.
•Personalized MS therapy is currently limited by a lack of evidence-
based biomarkers; newer biomarkers, such as neurofilament light 
chain, have potential, but further validation and standardization of 
assays are required



➢Co-inhibitory-receptors such as CTLA-
4, LAG-3 TIM-3, PD-1, and TIGIT are key 
factors in maintaining immune 
homeostasis .
➢They regulate T-cell responses by 
inhibiting effector T-cell activation 
directly, by promoting the suppressive 
function of Tregs and affecting antigen 
presentation.
➢They are expressed on activated 
immune cells: T-cells, B cells, natural 
killer [NK] cells, some myeloid cells.
➢Decreased receptor levels can lead to 
excessive immune activation and 
autoimmunity. 



➢In mice, CTLA-4 and PD-1 
deficiency result in the 
development of spontaneous 
autoimmunity 
➢Recent studies have also 
shown that multiple co-
inhibitory-molecules, e.g., TIM-
3, LAG-3, and TIGIT, 
predominantly regulate the 
effector T-cell responses within 
the tissue where their responses 
are executed.
➢ It might be assumed that they 
also play a role in MS 
development and/or 
progression.



➢several case reports have 
described MS exacerbations, 
and one case of MS 
development (in a patient with 
a preexisting subclinical 
disease known as 
radiologically isolated 
syndrome) following anti–
CTLA-4 therapy. 



➢ To test the possibility that Co-inhibitory  
receptors can serve as markers of future 
disease progression and disability

➢ To determine whether combining Clinical 
and Para- clinical data with Co-inhibitory  
receptors levels in the blood of patients 
with RRMS could predict disease outcome. 



Clinical characteristics of patients
Inclusion and exclusion criteria : 

We included MS patients who had been diagnosed with new-onset RRMS in 2007–

2009. 

Their blood samples were collected and they were followed since diagnosis at 

Hadassah, at least twice annually. 

All patients and HCs provided written informed consent. 

The inclusion criteria were:

➢Untreated RRMS at baseline.

➢MS diagnosis of not more than 2 years. 

➢ Clinical data set accessibility [brain magnetic resonance 

imaging (MRI) at diagnosis, ≥6 visits with EDSS, including 

10-year visit post-diagnosis].

A control group :

19 healthy individuals (11 women, 8 men; average age, 33.2 ± 10.8 years).



Clinical characteristics of patients

57 MS patients:

Untreated , newly diagnosed  patients 2007–2009.

41 women, 16 men

average age, 36.6 ± 10.8 years

Baseline EDSS score, 1.4 ± 0.8.

72% had positive OCBs. 

Baseline MRI was performed after a mean of 4.7 ± 4.3 months following diagnosis 

(range, 0–12 months). 

Of the blood samples drawn and frozen in 2007–2009, patients were divided 

according to disability Index.

➢ Low disability index patients, with EDSS score ≤ 1.5 after 10 years (n = 22), 

➢ Medium disability index patients ,with EDSS score of 2–5.5 after 10 years  (n = 18).

➢ High disability index patients with EDSS score ≥ 6 in <5 years from diagnosis were defined (n = 17), 

All patients were diagnosed at first visit with RRMS. 

At the final visit, 37 patients still had RRMS, and 20 patients were diagnosed with 

SPMS.



Co-inhibitory-Receptor Levels in 
HCs and MS Patients
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Co-inhibitory-Receptors and 
Clinical and Paraclinical Variables



LAG-3 and TIM-3 expression Levels at Diagnosis 
combined with clinical data, separated RRMS from those 
who progressed to SPMS 



•Our main finding is that LAG-3 and TIM-3 expression 
levels in the PBMCs of MS patients can aid to predict 
disease outcome. 
•Lower LAG-3 and TIM-3 expression were associated 
with the worst outcome and increased likelihood to 
progress to SPMS, while higher LAG-3 and TIM-3 
expression correlated significantly with benign 
prognosis, persisting RRMS, and lower EDSS score at 10 
years after blood sampling.



•Baseline brain MRI T2LV, EDSS at diagnosis, and 1-year 
progression index combined with LAG-3 and TIM-3 
expression levels resulted in superior ability to identify 
patients who would progress to SPMS and patients with 
high disability index as compared to clinical parameters 
alone. 
•We found that PBMCs of MS patients had significantly 
lower TIGIT and LAG-3 expression compared to that of 
the HCs. Patients with OCB-positive CSF had lower TIGIT 
levels compared to patients with OCB-negative CSF.



•In theory, combining all known biomarkers and clinical 
prognostic factors, might improve our ability to better 
foretell disease activity.
•Implementing the use of MS biomarkers requires 
vigorous clinical and multicenter validation. 
•In the future using biomarkers will improve our ability 
to plan better treatment in individual patients with MS, 
leading to personalized medicine
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