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Disease Exacerbation in Multiple Sclerosis Patients is Characterized by  

Loss of Terminally Differentiated CD8+ T Regulatory Cells  

BACKGROUND 
 

Multiple sclerosis (MS) is an inflammatory, demyelinating disease 

of the central nervous system (CNS) that afflicts more than 

400,000 people in the United States. Although the etiology of the 

disease is unknown, pathogenic T-cells are thought to underlie 

MS immune pathology. However, in contrast to the current 

paradigm, we recently showed that MS patients harbor CNS-

specific CD8+ T regulatory cells (CD8+ Tregs) that are deficient 

during disease relapse. Using an established flow cytometry-

based immune suppression assay, we demonstrate that the 

neuroantigen-specific CD8+ Tregs are cytolytic and can eliminate 

pathogenic CD4+ T-cells. Sorting of CD8+ T-cells using an array of 

surface cellular markers revealed that the CD8+ Tregs lie primarily 

in the terminally differentiated (CD27-, CD45RO-) subset. We 

further demonstrate that the CD8+ Tregs-mediated suppression is 

interferon gamma (IFNγ), perforin and granzyme B-dependent. 

Interestingly, we find that MS patients with active disease display 

a significant loss in the terminally differentiated CD8+ T-cells, with 

a concurrent loss in the expression of the regulatory molecules 

perforin and granzyme B. In order to restore the regulatory 

potential of impaired CD8+ Tregs during exacerbation, we pre-

treated bulk exacerbation-derived CD8+ T-cells with the cytokine 

IL-12 and significantly increased the suppressive capability of the 

cells through upregulation of granzyme B expression. Our studies 

uncover the immune suppressive mechanism of neuroantigen-

specific CD8+ Tregs, and may contribute to the design of clinically 

relevant immune therapies to predict and prevent MS immune 

pathology. 

METHODS 
CFSE-based Suppression Assay: 
 

 

 

 

 

 

 

 

 

 

 
Response index (RI) was the stimulated cells’ %CD25+CFSElow 

divided by 100−%CD25+CFSElow divided by the unstimulated cells’ 

%CD25+CFSElow divided by 100−%CD25+CFSElow. For 

suppression assays, % response was calculated by normalizing the 

“responder only” proliferation to 100%. %Suppression was 100 

minus %response 
 

CD8+ T-cell subsets enrichment: PBMCs were isolated from whole 

blood using Ficoll Hypaque (GE Healthcare Biosciences) density 

gradient. Purified CD8+ T-cells were isolated using CD8+ Multisort kit 

and further enriched for CD27, CD28, CD45RO, CD62L and NKG2D 

positive selection kits (Miltenyi Biotec) .  
 

Blocking assays: Antibodies were used at 4 μg/ml and included  

isotype IgG, anti-HLAI, anti-IFNγ, anti-TNFα, anti-PD1, anti-NKG2D, 

anti-IL-10,  anti-CTLA-4, anti-TGFβ and anti-FasL (Biolegend). 

Transwell experiments were performed in 14 mL polypropelene 

tubes using 0.4µm Maxicell cell culture inserts (TPP/MIDSCI). 
 

IL-12 enhancement of neuroantigenic CD8: PBMCs were cultured 

for 7 days with neuroantigen peptides at (1μg/mL) and were 

supplemented with either IL-12 or IL-23 (25ng/mL) (R&D). On day 7, 

CD8+ were isolated and used in suppression assays. 
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What mechanisms are the CD8+ T-cells using 

 to mediate their suppression? 

Fig 3. CD8+ Tregs-mediated suppression is contact-dependent and requires HLA-classI, 

NKG2D, IFNγ, granzyme B and perforin. Suppressed CD4+ T-cells have diminished IFNγ 

production and decreased proliferative potential. 

Can CD8+ Tregs suppressive ability be restored during  

disease exacerbation? 

Fig 6. IL-12 potentiates and restores neuroantingen-specific CD8+ Tregs 

suppressive potential.  
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Fig 4. CD8+ Tregs eliminate CD4+ T-cells, but not monocytes, B cells, or 

dendritic cells. 

How do the CD8+ Tregs mediate their suppression? 
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SUMMARY & CONCLUSIONS 
 

1. Neuroantigen-specific CD8+ Tregs reside in the CD27-

CD28-/CD45RO-/CD62L-/NKG2D+ CD8+ T-cell subset. 

 

2. CD8+ Tregs-mediated suppression is HLA-classI, 

NKG2D, IFNγ, perforin and granzyme B-dependent. 

 

3. CD8+ Tregs regulate neuroantigen-specific CD4+ T-cells 

by suppressing their proliferation, inflammatory 

cytokine production, and by specifically eliminating the 

CD4+ T-cells. 

 

4. The deficit in CD8+ Tregs suppressive ability during 

acute relapse in MS patients correlates with a decrease 

terminally differentiated (Ter) CD8+ T-cell and their 

production of perforin and granzyme B. 

 

5. Loss of CD8+ Tregs suppressive ability during disease 

exacerbation is both CD4 and CD8 T-cells intrinsic. 

 

6. IL-12 potentiates and restores the regulatory potential 

of disease exacerbation-derived neuroantingen-specific 

CD8+ Tregs. 
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Fig 5. MS patients have a deficit in terminally differentiated CD8+ Tregs and 

their regulatory molecules during disease exacerbation. CD4+ T-cells 

become refractory to CD8+ Tregs suppression during disease relapse. 

How is CD8+ Tregs-mediated suppression impaired during MS relapse? 
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Neuroantingen-specific CD8+ Tregs and Multiple Sclerosis 

Fig 1. CD8+ T-cells display neuroantigen-specific suppressive ability and are deficient 

during acute exacerbation of Multiple Sclerosis. 
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Which CD8 subset harbors neuroantingen-specific suppressive potential? 

Fig 2. Neuroantigen-specific CD8+ T-cells’ regulatory potential reside in CD27-, CD28-, 

CD45RO-, CD62L- and NKG2D+ fraction.  
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FUTURE DIRECTIONS 
 

1. What are the roles of NKG2D & IFNγ in neuronantigen-

specific CD8+ Tregs-mediated suppression? 
 

2. Can therapeutic agents that selectively expand the 

population of terminally differentiated (Ter) 

neuroantingen-specific CD8+ Tregs be used to treat MS 

patients? 
 

3. Can the frequency of Ter CD8+ T-cells in MS patients 

be monitored in such a way that patients may be 

treated preemptively to prevent disease relapse?  
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