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The Nobel Prize in Physiology or Medicine 1987
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The Crafoord Prize 2009

The Royal Swedish Academy of Sciences has decided to award the Crafoord Prize in
Polyarthritis 2009 jointly to Charles Dinarello, University of Colorado School of Medicine, Denver,
USA, Tadamitsu Kishimoto, Graduate School of Frontier Biosciences, Osaka University, Japan
and Toshio Hirano, Graduate School of Medicine, Osaka University, Japan,

“for their pioneering work to isolate interleukins, determine their properties and explore their role
in the onset of inflammatory diseases”".
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The 2025 medicine laureates

The Nobel Assembly at the Karolinska Institutet has decided to award
the 2025 Nobel Prize in Physiology or Medicine to Mary E. Brunkow,
Fred Ramsdell and Shimon Sakaguchi “for their discoveries
concerning peripheral immune tolerance.”

They identified the immune system’s security guards, regulatory T
cells, thus laying the foundation for a new field of research. The
discoveries have also led to the development of potential medical

treatments that are now being evaluated in clinical trials. The hope is
to be able to treat or cure autoimmune diseases, provide more
effective cancer treatments and prevent serious complications after
stem cell transplants.
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James P Allison and Tasuku Honjo
win Nobel prize for medicine
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Japan’s winning strategy: immunology research

-antibody-based therapeutics, immunomodulatory drugs, and cancer
immunotherapies dominate 50-60% of global pharmaceutical sales-

Global pharmaceutical sales ranking

® Immunomodulators

@ Keytruda |
Keytruda: humanized anti-PD-1 monoclonal antibody
Eliquis | Eliquis: oral factor Xa inhibitor
Ozempic i Ozempic: long-acting GLP-1 receptor agonist (type 2
diabetes)
@ Dupixent | Dupixent: fully human monoclonal antibody against
IL-4 receptor a (IL-4Ra) (atopic dermatitis, etc.)
@ Biktarvy | Biktarvy: combination antiretroviral therapy (HIV-1)
® skriz | Skyrizi: humanized anti-IL-23 p19 monoclonal
antibody (psoriasis, Crohn’s disease, etc.)
@ Darzalex ] Darzalex: fully human anti-CD38 monoclonal
, antibody (multiple myeloma)
Mounjaro | Mounjaro: long-acting dual GIP/GLP-1 receptor
agonist (type 2 diabetes)
@ st :] : : . Stelara: fully human anti-IL-12/23 p40 monoclonal
0 100 200 300 400 antibody (ulcerative colitis, etc.)

USD (in hundreds of millions)

Fig.1 (left) Philippidis, “Top 10 Best-Selling Drugs”
GEN Genetic Engineering & Biotechnology News, July 7, 2025

® Controlling emerging infectious diseases (incl. COVID-19) is necessary
® 70% of genetic risk variants in Alzheimer’s are related to the immune system
® Advances in cancer immunotherapy efficacy contribute to an increase in

long-term survivors
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Awarded the Nobel Prize in Physiology or Medicine (1987)

1Prof.
M Susumu
Tonegawa

---for his work in the eluc:|dat|on of antlbody gene structure
and diversity, which made antibody engineering possible
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CﬁlfOOl’d;i} Prof. Tadamitsu Kishimoto ' "lk f?

PRIZE % Prof. Toshio Hirano <

The Crafoord Prize 2009

The Royal Swedish Academy of Sciences awarded the Crafoord Prize in
Polyarthritis 2009 jointly to Charles Dinarello, University of Colorado School of
Medicine, Denver, USA, Tadamitsu Kishimoto, Graduate School of Frontier
Biosciences, Osaka University*, Japan and Toshio Hirano, Graduate School of
Medicine, Osaka University* Japan, for their pioneering work to isolate
interleukins, determine their properties and explore their role in the onset of
inflammatory diseases.

*At the time of the award, The University of Osaka was known as Osaka University.

For the discovery of I-6 (cytokine), which induces the
production of antibodies




The first antibody therapeutic developed in Japan

x*Cumulative global sales of JPY 6 trillion= (JPY 500 billion in Japan=)!
=JSD 37.53 billion #JSD 3.13 billion

Drug targeting the IL-6
receptor:

Approved use:

- Castleman disease;
rheumatoid arthritis

- Systemic and polyarticular
juvenile idiopathic arthritis
(JIA); adult-onset Still’s
disease (AOSD)

Anti-IL-6 - Takayasu arteritis; giant cell
receptor arteritis (subcutaneous
antibody: injection only)

Tocilizumab ] )
Hzu « Prevention of cytokine

release syndrome (CRS)
associated with CAR-T cell
therapy

- Also used to prevent severe
COVID-19!




2025 Nobel Prize in Physiology or Medicine for the discovery
of regulatory T cells (Tregs)

Distinguished Honorary Professor Shimon Sakaguchi,

concerning peripheral immune tolerance.

stem cell transplants.

The 2025 medicine laureates

The Nobel Assembly at the Karolinska Institutet awarded
the 2025 Nobel Prize in Physiology or Medicine to Mary E. Brunkow,
Fred Ramsdell and Shimon Sakaguchi for their discoveries

They identified the immune system’s security guards, regulatory T
cells, thus laying the foundation for a new field of research. The
discoveries have also led to the development of potential medical
treatments that are now being evaluated in clinical trials. The hope is

“Immunology Frontier Research Center

to be able to treat or cure autoimmune diseases, provide more
effective cancer treatments and prevent serious complications after

Major Contributions

® Discovery of regulatory T cells essential for
immunological self-tolerance (control of
autoreactive immune responses) and immune
homeostasis (control of excessive responses,
such as allergies).

® Elucidation of autoimmune and allergic disease
mechanisms caused by regulatory T cell
dysfunction; development of Treg-targeted
therapies and prevention, cancer immune

activation, and induction of transplant tolerance.

Key Achievements

1979 Initiated research on regulatory T cells
1995 Identification of regulatory T cells using
specific molecular markers
— First demonstration of their existence
and immunological importance
2003 Discovery of the Treg-specific transcription
factor Foxp3

In the future, clinical applications in human immune
disease treatment and prevention, cancer
immunotherapy, and induction of transplant
tolerance are expected.




Cancer immunotherapy through the inhibition of

co-inhibitory checkpoint molecules

James P Allison and Tasuku Honjo
awarded the Nobel Prize in Physiology or
Medicine (2018)

chemotherapy radiotherapy

cancer Molecular
immunotherapy + + targeted therapy |}



Recipient of the 2026 Japan Prize for

elucidating the mechanisms of nucleic
acid (mMRNA, DNA) recognition
e Ficle: Uit Seicnee?

“Elucicktion of Hhe mechanisms
off nucleic acld recognition [
ihe Innee immune sysiem”

Also received international awards
for his work in natural immunity:
-Robert Koch Prize

-Gairdner Award

Gaining attention for mRNA vaccines,

nucleic-acid therapeutics, and
cancer immunotherapy!

Specially Appointed Professor

Shizuo Akira 2einilly emerelee with the recizicnt of dhe
20223 %as ke @AW aids @?th‘ﬂ’am&@}n@m




Drug development involves vertical (target

molecules) and horizontal axes (modalities)

*New drug modalities (traditionally oral drugs/low-molecular-weight compounds)

1. Antibodies:

-nanobodies, bispecific antibodies, and antibody-drug conjugates (ADCs)
for immunology and cancer therapies
2. Proteins/peptides:

-targeted agonists (e.g., GLP-1) for endocrinology, immunology, hematology
3. Cell therapy:

-CAR-T for cancer, autoimmune diseases
-T cell receptor therapy (TCR-T) for solid tumors

aGene therapy: \

-gene augmentation and genome editing for rare diseases, especially hematologic/
central nervous system disorders

-Oncolytic viruses for cancer therapies
5. Nucleic acids (RNA therapeutics):
-mRNA vaccines for infectious diseases; cancer vaccines
-mRNA therapeutics for protein-deficiency disorders; cancer; metabolic diseases

Antisense oligonucleotides (ASOs) for rare diseases; liver; muscle; central nervous
system

\RNA interference (RNAI) for liver; kidney; heart; central nervous system /

6. Others:
Microbiomes for cancer/immune modulation

PROTACSs (Proteolysis Targeting Chimera) for cancer; neurological and inflammatory
diseases

Mid-sized molecules (Chugai Pharmaceutical), including cyclic mid-sized peptides n




Becoming a nation of technological innovation

by prioritizing strategic fields

Current situation

Japan’s strengths

$ W 1

*Research seeds from
academia
*Immunology (over 60% of
drug sales are
__ immunomodulatory)

J
0P External f@
changes 'ﬁ:?

Diversification
of modalities

)
) Progress of
(T0 Al tech

o Horizontal integration
& science/business@
L convergence J

Initiatives for immediate strengthening

'4‘« Enhance science<sbusiness integration & @
0 (e.q., tax-based incentives for !
research development)

(Japan is lagging behind international competitors in
Al-driven drug discovery, including in the development of
data and computational resources

Strengthen pathways to enhance basic research and
research applications through Japan's strengths in
immunology and iPS cell research

Future
competitive edge

Sustained
development of
first-in-class / best-
in-class drug
discovery seeds




