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Excitement crackled around the Aula Medica at Karolinska Institute in Solna, Sweden, on a cold 

morning in December 2025 as an eager crowd of students, scientists, and members of the 

public vied for a coveted seat to the 2025 Nobel Prize lectures in physiology or medicine.  

They were not disappointed. Nobel laureates Shimon Sakaguchi, MD, PhD, Mary Brunkow, PhD, 

and Fred Ramsdell, PhD, took the stage to recount the discovery of regulatory T cells (Tregs), a 

subset of T cells whose immunosuppressive powers have reshaped our understanding of self-

tolerance and immune restraint and launched a new field of translational work aiming to 

modulate Treg activity for therapeutic purposes — across cancer, autoimmune disease, and 

transplantation.1  

What Are Regulatory T Cells? 

The immune system must strike a delicate balance: protecting the body against harmful foreign 

pathogens and cancer cells while sparing the body’s own healthy tissues. In humans, adaptive 

immune recognition relies on highly specific B- and T-cell receptors, generated by stochastic 

recombination of gene segments to create a vast repertoire of antigen specificities. Inevitably, 

this random process gives rise to receptors that recognize “self-antigens.” If left unrestrained, 

such self-reactive lymphocytes drive autoimmune disease, necessitating robust mechanisms to 

eliminate or suppress these cells.  

One critical piece of the self-tolerance puzzle was the discovery of “central tolerance,” whereby 

developing T cells with high affinity for tissue-specific antigens are eliminated from the thymus 

— a finding recognized by the Nobel prize in 1960. However, it soon became apparent that this 

process is incomplete — and some self-reactive cells escape thymic deletion. This observation 

pointed to the existence of additional mechanisms enforcing “peripheral” tolerance.  

The identification of Tregs emerged from two converging lines of research in cellular 

immunology and molecular genetics. First, through cell fractionation and adoptive transfer 

experiments, Dr. Sakaguchi identified CD4+ CD25+ T cells as a specific cellular subset capable of 

preventing autoimmune disease in mice.2 Subsequently, through meticulous sequencing efforts 

of multiple transgenic mice — with a phenotype that at the time was of dubious relevance to 

human disease — Drs. Brunkow and Ramsdell identified FOXP3 as the critical gene underlying 

the development of a severe multisystem autoimmune disease phenotype in mice2 and in 

humans.4,5 The two discoveries were soon linked, revealing that FOXP3 is a transcription factor 

that drives the differentiation of naive CD4+ T cells into Tregs.6,7  



Subsequent work elucidated the mechanisms by which Tregs exert their regulatory effects, 

including cell-cell contact,8 secretion of suppressive cytokines,9,10 and sequestration of 

interleukin-2 (IL-2), a critical growth factor for T cells.11  

The Role of Tregs in Hematological Disease 

The Nobel laureates’ seminal discoveries laid the foundation for a rapidly expanding field 

focused on peripheral immune regulation. The body of work has revealed a host of diverse roles 

for Tregs in maintaining tissue homeostasis, modulating immune responses, and promoting 

tissue healing and repair.  

Consistent with these functions, deficiencies in Treg number and/or function have been 

demonstrated in a range of autoimmune and inflammatory diseases, including immune 

thrombocytopenia.12 Following allogeneic hematopoietic cell transplantation (allo-HCT), 

reduced numbers of Tregs in the gut correlated with increased severity of acute intestinal graft-

versus-host disease (GVHD).13 Supporting a causal role, studies in mouse models of allo-HCT 

demonstrated that enrichment of Tregs within the transplant suppressed GVHD while 

maintaining graft-versus-tumor effects.14  

Conversely, increased numbers of Tregs in the cancer microenvironments may suppress 

antitumor immunity and promote disease progression. In B-cell non-Hodgkin lymphoma and 

chronic lymphocytic leukemia, Tregs have been shown to exert tumor-promoting effects by 

suppressing cytotoxic T-cell proliferation and production of interferon-gamma.15 Successful 

outcomes  to therapy were found to correlate with a reduction in Treg numbers.16 

Therapeutic Applications 

Building on an improved understanding of the central role of Tregs in regulating immune 

homeostasis, numerous strategies have been pursued to modulate Treg activity for therapeutic 

purposes. Broadly, these approaches fall into two categories: enhancing Treg number or 

function to suppress pathological (auto)immune responses, and depleting or inhibiting Tregs to 

boost antitumor immunity in cancer.  

Early efforts to enhance Treg function focused on boosting endogenous Tregs — after 

observational studies linked lifestyle factors including diet, exercise, and the gut microbiome to 

Treg abundance.17 Pharmacological strategies have centered on low-dose IL-2, exploiting the 

expression of the high-affinity IL-2 receptor alpha chain (CD25) on Tregs to preferentially 

promote their expansion. Achieving selectivity remains a challenge, due to the expression of 

CD25 on other immune cells (notably natural killer cells), as does the lack of antigen specificity 

of the expanded Tregs. So far, IL-2-based therapeutic strategies have not led to durable immune 

control.18 



An alternative approach to harnessing the suppressive function of Tregs is to administer them as 

a cellular therapy. Multiple promising strategies have emerged, based on either isolating and 

expanding autologous (or, in the context of allo-HCT, allogeneic Tregs), or on reprogramming 

Tregs from total CD4+ T cells or pluripotent stem cells. These approaches can be supplemented 

with genetic engineering steps to enhance the antigen specificity of the Tregs (e.g., adding a 

chimeric antigen receptor [CAR] or a specific T-cell receptor) or to boost other desirable 

properties, such as efficacy, survival, or stability of the Tregs (Figure). 

In a recently published phase III randomized controlled trial, an allogeneic T-cell immunotherapy 

product that combines induced Tregs with hematopoietic stem cells (Orca-T) showed superior 

chronic GVHD-free survival compared to conventional allogeneic stem cell transplantation. With 

a requirement for less immunosuppression with the Orca-T product, there was also a reduction 

in infectious complications and non-relapse mortality. This innovative approach could represent 

a major shift in the treatment paradigm for GVHD prevention.19  

At ASH’s 2025 annual meeting, data on the first in-human trial of engineered allogeneic CAR 

Tregs targeting CD6 (expressed on activated T cells) for the treatment of steroid-refractory 

GVHD demonstrated feasibility, a reasonable safety profile, and a partial response in the small 

number of patients tested.20  

Conversely, in hematologic malignancies where Tregs contribute to immune evasion, therapies 

aim to deplete or functionally inhibit this population. Approaches include IL-2-toxin fusion 

proteins, CD25-targeting antibodies, or antisense oligonucleotides-targeting FOXP3. These 

strategies seek to relieve immunosuppression in the microenvironment, enabling host cytotoxic 

T-cell activity, and are being explored in clinical trials.21  

Conclusion 

Looking ahead, the therapeutic manipulation of Tregs in hematology is poised to transition from 

proof of concept to clinical application. Key challenges remain, including achieving antigen and 

tissue specificity, maintaining Treg stability in inflammatory environments, and treading the 

delicate balance of immune suppression and preservation of immune protection. As Dr. 

Brunkow acknowledged, the discovery of Tregs required “a bunch of different brains working 

together.” The same will be true for the next phase of the field, as Treg-based therapies — 

poised for rapid evolution in the coming decade — are propelled by  advances in cell 

engineering, synthetic receptor design, and cytokine platforms, alongside parallel innovations 

across immunology, stem cell transplantation, and clinical trial design. 

Figure. Treg cellular therapy approaches in graft-versus-host disease 



  
Abbreviations: APC, antigen-presenting cell; CAR, chimeric antigen receptor; GVHD, graft-versus-host disease; 

PBMC, peripheral blood mononuclear cell; TCR, T-cell receptor. Figure adapted from Bader, et al.22 
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