Professor Shimon Sakaguchi and the Nobel Prize in Physiology or Medicine 2025
— Discovery of Regulatory T Cells (Treg) that Maintain Immune Balance —

1. Overview of the Award

The 2025 Nobel Prize in Physiology or Medicine was awarded to Professor Shimon Sakaguchi, Specially Appointed
Professor at the Immunology Frontier Research Center (IFReC), Osaka University. The official citation for the award
is: “for their discoveries concerning peripheral immune tolerance” —namely, the discovery of the mechanisms of
peripheral immune tolerance that prevent the immune system from attacking self-tissues.

Professor Sakaguchi’s work revealed how the immune system distinguishes between “self” and “non-self” and
prevents excessive immune responses and autoimmune diseases. His discoveries have fundamentally transformed
our understanding and treatment of diseases involving immune balance, including cancer, autoimmune disorders, and

allergies.

2. Origins of the Discovery: Mouse Immunology Models — Thymectomy

Professor Sakaguchi’s research was founded on mouse experimental models. From the late 1970s through the 1980s,
he analyzed immune tolerance breakdown in neonatally thymectomized mice (mice whose thymus was surgically
removed shortly after birth). These mice exhibited disrupted immune balance and developed autoimmune-like lesions.
However, transferring a subset of normal T cells from healthy mice suppressed these symptoms. This finding provided
the first decisive evidence for the existence of a special subset of T cells that suppress immune responses. These
thymectomy experiments laid the foundation for the later discovery of the cell population now known as regulatory

T cells (Treg).

3. Landmark Paper in RIKEN Tsukuba (J. Immunol., 155:1151-1164, 1995)

In the early 1990s, Professor Sakaguchi continued his research as a PRESTO Researcher of the Research
Development Corporation of Japan (now the Japan Science and Technology Agency, JST), working in a laboratory
at the RIKEN Life Science Tsukuba Research Center. Through detailed studies using mice, he demonstrated that
among CD4" T cells, those expressing the IL-2 receptor a-chain (CD25) suppress autoimmune responses. He further
showed that the removal of these CD25* T cells led to multiorgan autoimmune disease in mice. This research
established the concept that T cells preventing self-reactivity are regulatory T cells, marking a turning point later

described by the Nobel Committee as “the renaissance of suppressor T cell research.”

4. Discovery of the Foxp3 Gene and the Molecular Basis of Treg Cells

Subsequently, in 2001, Dr. Mary Brunkow and colleagues at Amgen reported that mutations in the Foxp3 gene cause
Treg deficiency and spontaneous autoimmune disease in mice. Professor Sakaguchi later discovered that Foxp3 acts
as the master transcription factor of Treg cells, demonstrating that introducing Foxp3 into conventional T cells
converts them into regulatory T cells (Science, 2003). This work defined Treg cells at the molecular level and
established a new research field with wide-ranging applications in autoimmune diseases, transplantation, and cancer

immunotherapy.



5. From Mouse to Human: Expansion and New Developments in Treg Research

Professor Sakaguchi’s group further demonstrated that the molecular mechanisms of Treg cells identified in mice are
conserved in humans, extending the research toward clinical applications in autoimmune diseases, allergies, and
cancer. In 2025, his group published groundbreaking findings (Nature, 642:191-200, 2025), using the Rbpj-floxed
mouse (RBRCO01071) to elucidate the molecular mechanism by which RBPJ suppresses FOXP3 expression.
Moreover, by transplanting RBPJ-deficient human Treg cells into immunodeficient mice, generating humanized mice,
they demonstrated a dramatic enhancement in immune-suppressive efficacy. Thus, Professor Sakaguchi’s research
consistently bridges mouse experimental models and human immunology, standing as a paradigm for the essential

role of animal experiments in life science.

6. The Importance of Animal Experiments and the Contribution of RIKEN BRC

Behind these discoveries lie a series of meticulously designed mouse models: Thymectomized mice, which revealed
the principles of immune tolerance, CD25" T cell studies, which identified immune-suppressive T cells, Genetically
engineered mice, used to explore the molecular roles of Foxp3 and Rbpj, and Humanized mice, which validated the
therapeutic potential of Treg cell therapies. The RIKEN BioResource Research Center (BRC) supports such
foundational research as part of the National BioResource Project (NBRP), maintaining and distributing a wide

variety of genetically modified mouse strains, including the Rbpj-floxed mouse and other critical lines.

7. Conclusion

Professor Sakaguchi’s discoveries embody the essence of life science: “To uncover the principles of immunity step
by step using the mouse model, and to translate these insights into treatments for human disease.” The research that
took root at RIKEN Tsukuba Campus has since shaped the very foundations of modern immunology and opened a
new era of medicine focused on immune regulation. These achievements are a source of great pride for Japan and

reaffirm the indispensable role of animal experimentation in advancing biomedical science.
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