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Introduction

 Autoimmune disease, Alloimmune response

 Approximately 8% of kidney transplant

 Between 9% and 50% of patients, GVHD 

 Immunosuppressive drugs

 Increased risk of infection, cardiovascular disease, and cancer

 Innovative therapeutic approaches

 Induce persistent immune tolerance
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Introduction

 Treg, variety of mechanisms 

 Treg suppress proliferation and function

 Contact dependent mechanisms

Granzymes and perforin

 CTLA-4 and PD-1

 Contact independent mechanisms 

 Immunomodulatory cytokines 
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Adoptive Treg -Cell Therapies 

 Immunoregulatory functions

 Tregs inhibit allograft rejection and 
autoimmunity 

 Animal models

 Clinical trials 
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Polyclonal Treg Cells

 Clinical phase 1 and 2 trials, T1D ,GVHD, 
crohn’s disease, solid-organ 
transplantation

 Feasible, clinical benefits
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• Nonspecific immunosuppression 
• Increase susceptibility to 

opportunistic infections or tumor 
development

• Viral reactivation
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Active Or Completed Treg Clinical Trials In Autoimmune 

Disease  



Antigen-Specific Treg Cells 

 Allogeneic or autologous DCs

 Functionally superior to polyclonal Tregs,  
more potent at inhibiting T eff
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• Contamination with effector T cells
• Difficulty of selecting a suitable target 

antigen
• Restricted to MHC



CAR-Treg Cells

 Antigen-specific, MHC independent

 Whole proteins

 Elinav and colleagues, colitis in mice 

 2,4,6-trinitrophenol (TNP)

 Improved colitis

 Efficacy in treating autoimmune ,GVHD and 
solid organ transplantation
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Manufacture Of CAR-Treg Cells 
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Different Generation Of CAR-Treg Cells
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Based on signaling motifs Based on specificity



Preclinical Studies Using CAR-Tregs In Autoimmune 
Disease 
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• In vivo function of InsB-g7 CAR Tregs

• BDC2.5 CD4+ T cells alone
• Untransduced control Tregs(3:1 or 9:1 ratio)
• InsB-g7 CAR Tregs (3:1 or 9:1 ratio)
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 Effects of CAR Tregs on BDC2.5 T cell

 BDC2.5 CD4+ T cells 
 Untransduced control Tregs(3:1 or 9:1)
 InsB-g7 CAR Tregs (3:1 or 9:1)

 Effects on prevention 
of diabetes

Tregs with an MHC class II peptide–specific chimeric antigen 

receptor prevent autoimmune diabetes in mice
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Zhang el al, The Journal of Immunology. 2018

• Hemophilia A
• In vitro
• Anti-F8 B cell ELISPOT 

assay
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• Preventive 
• FVIII-BAR Tregs suppress the 

formation of antibodies • Therapeutic effect of FVIII-BAR Tregs on mice 
with preexisting anti-FVIII antibodies

Targeting antigen-specific B cells using antigen-expressing 

transduced regulatory T cells



CAR-Treg In Transplantation 

 HLA mismatch

 MHC class I 

 Nearly all transplanted cells

 HLA-A2 is highly prevalent 
(>40%) in white donors

 25% HLA-A2 mismatch

 Poor outcomes
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Preclinical Studies Using CAR-Tregs In Transplantation 
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• Single A2-mismatch
• In vivo function of A2-CAR Tregs

• No therapy
• Polyclonal Treg
• CAR-Treg
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• Haplo-mismatch
• Immunosuppressive drug

• CAR Treg
• Rapamycin
• combination

Wagner et al,  American Journal of Transplantation, 2022

Anti-HLA-A2-CAR Tregs prolong vascularized mouse heterotopic 

heart allograft survival



Clinical Trial Using CAR-Treg Cells
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• Specificity of A2-CAR-Tregs
• PBMCs with various HLA-A 

alleles



Limitation Of CAR-Treg Cells

 Amounts of cells needed for infusions 

 High costs for in vitro Treg expansion

 Viral vectors, oncogenic genetic changes

 Selection of antigens targeted by CARs are difficult in some disease models

 Contamination of Treg products with conventional T cells, which could exacerbate 
autoimmune diseases

 Cross-reactivity
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Conclusion

 Adoptive Treg cell therapy 

 Safety and efficacy of Treg adoptive cell technology in human disease

 Strategies to improve the in vivo stability and suppressive function of Tregs

 Best dosing regimen, what is the required frequency of Treg infusion, what 
immunosuppressive protocol

 Development of advanced generations of CARs

 Combinations of different costimulatory domains 

 Enhancements of homing abilities through chemokine receptors
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