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新薬の開発とは？
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製薬会社

バイオベンチャー

多くのシーズはアカデミアでのサイエ
ンスの進歩から始まる

日本の科学
技術は優れ
ているが、事
業に繋げると
ころに問題を
抱えている

大きなギャップ



https://readyfor.jp/projects/floxbio



The Place People Talk over Drinks with Scientists

Science Bar in Tokyo

Experimental
Food and drinks



Drug delivery system for cancer, inflammatory diseases and wounds 

Science Adv, 2019c

Arthritis Res Ther, 2019
Rheumatol res 2020

Science Transl Med, 2017
Mol Cancer Ther, 2018
Science Transl Med, 2019
Science Adv, 2023, 2019a  2019b

Nature Comm 2023 2023
Cell rep med 2023
Nature Biomed Eng, 2022, 2020a  2025 2025

Nature Biomed Eng 2020b

Nature Commun 2018
Blood (plenary paper) 2019
Npj Regenerative med 2023

Science Adv, 2019c
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2014 PhD Univ. Tokyo: Hematopoietic stem cell biology
2014-2016 EPFL, Switzerland
2016-2020 Univ. Chicago
2020-          Imperial College London Bioengineering
2024- National cancer center, Japan

2020年7月より自分の研究室を持つことができました。癌免疫療法、自己免疫疾患の薬、ワクチンの開発

Other diseases: IBD, asthma



Drug discovery lab capability

(AI-based) protein design Production

Cytokines

Mono- Bi- tri-specific
Antibodies

(AI-based)
Antibody discovery display Affinity

Characterisation

Mouse experiments

Efficacy
MoA
Side effects
(Biochem, haematology)
PK/PD
Biomarker discovery
Human cancer (PDX, humanised)

In vitro cell culture

Human tissue array

Stability and
yield optimisation



• Made >20 different cytokines (IL-1b…IL-38, TNF, IFN)
• Made >30 types of antibodies (anti-PD-1 etc)
• Functional peptide discovery
• and then engineer: bi-specific antibody, ADC, antibody-cytokine fusion, 

CAR-T cells

• Immunology
• Drug delivery
• Pharmacology
• Toxicology

My capability



10 min walk:
Hospital

GMP manufacturing
Business school
Conference center

AI center

Takeda, Novartis

インペリアル・カレッジ・ロンドン の第２キャンパス：医工連携、産学連携キャンパスWhite City
QS World University Rankings 2024と2025で世界第２位



90mポンド Series A をインペリアルカレ
ッジのADC start upが獲得



£100 billion (１８兆円)
investment from UK government

Charlotte Deane
Frank von Delft 
David Baker

Imperial College will be the HUB

Imperial College London to partner with World Economic Forum to deliver new AI-Driven Innovation Centre
 - boosting AI adoption and innovation to grow the economy

英国：産業革命を起こした国としてAIにも積極的に参戦



多様化する免疫療法のモダリティ

抗体

サイトカイン

mRNA

Oncolytic Virus

CAR-T細胞

小分子（STINGやIDO）



エンジニアリングで多様化する抗体の形

Bi –specific 抗体
CD3ー癌抗原
T細胞を癌細胞とくっつける

MEDI5752 
PD-1
xCTLA4 

PD-1+ X
PD1抗体の効果増強を狙う

エプコリタマブ

Tecvayli



米国FDAは、2024年に50の新薬と18のバイオシミラーを承認



米国FDAは、2024年に７個はエンジニアタンパクを承認



去年、Bispecific抗体がゴールドラッシュ
に



エンジニアリングで多様化する抗体の形

BiTE

BiKE Nanobody

(Fab)2

Full bispecific antibody

抗体ー受容体結合型

Blinatumomab: CD19xCD3



IMDELLTRA

DLL3

xtensive-stage small cell lung cancer (ES-SCLC)

肺がんに対するTarlatamab （BiTE）のFDA承認



IMDELLTRANon-Muscle Invasive Bladder Cancer
に対するANKTIVA（IL-15改変サイトカイン）のFDA承認

膀胱への局所注射で



IMDELLTRA改変抗体、改変サイトカインが創薬の主流に

今までの創薬

癌で発現が高い → 抗体を作ろう
新しい分子見つけた → 治験で試そう

これからの創薬

抗体Aの改善点 → 改変抗体Aを作ろう

想像力、創造力、勇気、資金、実験、多角的視点、異分野のエキスパートが必要

ADC, Bi-specific antibody and IL-15 became very hot



IMDELLTRAスペース：Drug Delivery System （薬物送達）
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Active targetingPassive targeting Pro-drugs
Binds to cancer specific moleculesIncreasing blood concentration of drugs Binding site is masked and exposed by can

enzyme



Idea: 癌の細胞外マトリクスを薬の貯蔵庫にする

どんな癌でも固形癌であれば必ずECMは存在

Danhier et al., J Control. Release 2010

Extracellular matrix proteins 
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Motivation

22

がん免疫療法：デザインに改善の余地あり

薬効
副作用
コスト
滞留性
投与ルート

Bioengineering to solve problems!!



Immune checkpoint inhibitor (CPI) for cancer therapy – 
breakthrough

JA Jacob, JAMA. 2015;314(20):2117-2119. 23

Cancer cellsAttack

Activates anti-tumor immunity
FDA approved in multiple cancer types



Immune checkpoint inhibitor (CPI) against melanoma in the clinic

Larkin et al., NEJM 2015

Objective response rate: 58%
Complete response rate: 11%

Any adverse events: 99% 
Patients discontinued the therapy: 36% 

Adverse events

Therapeutic efficacy (PD-1+CTLA4 combo)

Need: Decrease side-effects and increase efficacy
Weiner et al., Nature Reviews Cancer 2015
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Immune checkpoint inhibitor (CPI) against melanoma in the clinic

Larkin et al., NEJM 2015

Objective response rate: 58%
Complete response rate: 11%

Any adverse events: 99% 
Patients discontinued the therapy: 36% 

Adverse events

Therapeutic efficacy (PD-1+CTLA4 combo)

Few research focusing on solving its toxicity (Nat Med)

Systemic immune activation 
occurs, but not necessarily in a 
therapeutic manner

Minimal research focusing on solving CPI toxicity (Nat Med 2017)

→ There is a need to target the tumor. 25

Cause: systemic distribution of CPI.



IMDELLTRAスペース：Drug Delivery System （薬物送達）
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Active targetingPassive targeting Pro-drugs
Binds to cancer specific moleculesIncreasing blood concentration of drugs Binding site is masked and exposed by cancer

enzyme



Idea: 癌の細胞外マトリクスを薬の貯蔵庫にする

どんな癌でも固形癌であれば必ずECMは存在

Danhier et al., J Control. Release 2010

Extracellular matrix proteins 
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コラーゲンは癌の中でのみ、血中に露出されている

Von Willebrand Factor A3 domain由来
Collagen binding domain (CBD) 
を免疫チェックポイント阻害剤に融
合させれば静脈注射で癌に集積？

CBD: the von Willebrand Factor A3 domain.

Tumor:
Vasculature leakiness ↑

Collagen expression ↑

28

Danhier et al., J Control. Release 2010
CBD Fusion



静脈注射したコラーゲン結合ドメイン（CBD）は癌に集積

0     48 hr

Dylight800
CBD

Euthanize
ImagingMMTV-PyMT tumor

J. Ishihara et al, Science Translational Medicine 2019 29



CBD-antibody は腫瘍内に集積

200µm 200µm

CBD-antibody treatment antibody treatment
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PBS CPI CBD-CPI

200 μm 200 μm200 μm

副作用：肝臓と肺へのリンパ球浸潤

J. Ishihara et al, Science Translational Medicine 2019 31

CPI: αCTLA4 + αPD-L1

CBD融合させると、免疫チェックポイント抗体は副作用を低減



CBD融合させると、免疫チェックポイント抗体は薬効を上昇

αCTLA4+ αPD-L1

(Day0)    7  
MMTV-PyMT: breast cancer

N=11-12

3232
CBD融合は薬効も副作用も改善させる

Effector memory CD8+/Treg
癌の中で免疫の活性化



CBD融合させると、脳腫瘍でもCTLA4抗体は薬効を上昇

脳腫瘍 GBMモデル
CBD New：腫瘍内のTregを除去
＋抗原提示細胞の活性化



サイトカインIL-12の腫瘍ターゲット



IL-12 – 強力な抗癌サイトカイン

 T/NK 細胞に働いてIFNɣ を産生させる

 抗がん活性が高い

 毒性が高い

35

p35

p40

IL-12 T/NK cells
IFNγ

抗原提示細胞

Mansurov* and J. Ishihara*# et al, Nature Biomedical Engineering, accepted



CBD-IL-12 quickly accumulates to the tumor with shorter blood half-life

Mansurov* and J. Ishihara*# et al, Nature Biomedical Engineering, 2020
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CBD-IL-12 はコラーゲンIII依存的に
癌に局在。脳GBMモデル

Studies were performed at the University 
of Alabama, Birmingham

Orthotopic model of GBM
• Alexa647-tagged CBD-IL-12
• imaging at 1 hr post-tail vein

injection

GBM

GBM



CBD-IL-12は一回の静脈注射でB16皮膚癌を治すことができた

(Day
s) 

C57BL/6
B16

D7 
60 mm3

i.v
.

D
0
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Day7 B16F10: antigen non-specific approach to cure

10/15 67% cured

Mansurov* and J. Ishihara*# et al, Nature Biomedical Engineering, accepted

After CBD-IL-12Day 9 B16F10

脳腫瘍
頭頸部癌
肺がん
乳がん
肝臓癌
膵臓癌
大腸癌
サルコーマ
前立腺癌
卵巣がん
皮膚癌
転移腫瘍
再発腫瘍



Mansurov* and Ishihara*# et al, Nature Biomedical Engineering 2020

CBD-fusion decreases systemic toxicity of IL-12

(Days) D6

i.v

D0 D8 D9

39

B16

Liver damage

39

Serum



Human CBD-IL-12 demonstrates target engagement and is safe at 15 µg/kg healthy 
beagles

40

• 1 µg/kg human CBD-IL-12 (n = 2 male beagles), completed
• 5 µg/kg human CBD-IL-12 (n = 2 male beagles), ongoing
• 15 µg/kg human CBD-IL-12 (n = 2 male beagles), ongoing
Intravenous treatment on days 0 and 14.

Collaboration with Prof. Mizuno
Dept. Chair of Veterinary Medicine

Five melanoma bearing dogs were treated



CBD-IL-12：犬の脳腫瘍での
薬効の確認



免疫を抑える



 Expressed by Tregs, Bregs and
Tolerogenic dendritic cells

 Antagonizes IL-12 and IL-6 signaling

Therapeutic effects on:
IBD (Nat Immunol 2010, Gastroenterology 2011), RA (Eur J Immunol. 2007), T1D (Diabetes 2012),
Atopic dermatitis (An Bras Dermatol 2016), MS (J. Neuro sci 2019), Allergic ARDS (J Immunol 2011),
Brain stroke (Ann Transl Med 2022), Atherosclerosis (Exp Ther Med  2016), ILD (Immunology 2023), 
GVHD (Leukemia 2015, Transplantation 2024), Psoriasis (J Immunol 2016), ITP (2024), Kawasaki disease (2020)

Induces every immunosuppressive pathway!

IL-12Rβ IL-27R gp130 gp130

Tregs Bregs M2-like Torelogenic

IL-35: a robust immunosuppressive cytokine



Cheng Ye et al, 2021

Deepali V et al, 2015

IBD
Ulcerative colitis 
Cron’s disease

COPD
Allergic rhinitis

Atherosclerosis
Coronary artery disease

T1D

RA

MS

Guillain-Barré Syndrome (2015)
Immune Thrombocytopenic Purpura (2020, 2024)
SLE
Systemic sclerosis
Immune thrombocytopenia
Recurrent pregnancy loss (RPL) and PE

Reduced expression in the serum/disease site of 
autoimmune and inflammatory disease patients

IL-35: Implications in disease

GVHD specific:

Allergic rhinitis (AR)



AlphaFold 2 protein structure predictionUnmodified IL-35: mostly sticking to an intracellular protein

✓ Developed methodology to produce IL-35

IL-35: a difficult-to-produce protein



Untreated (PBS)
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IL-35 induces a profound Treg phenotype in naïve CD4+ T cells 
cultured in Th1-skewing media



Collagen antibody, i.p.

(Days)     D3D0
IL-35 s.c. injection
LPS i.p. injection

D12
FACS

 Female mice, Jax, 8 wk old
 n = 7 mice/group

IL-35 decreases CAIA disease score in rheumatoid arthritis model
2. Clinical Score1. Experimental outline

PBS
SA-IL-35



My lab is supported by the following funders

Collaborators
University of Chicago 
Jeffrey Hubbell
UCLA
John Lee
Fred Hutch
Aude Chapuis
Nippi Inc
Tomonori Ueno,  
Kazunori Mizuno
Kyushu University
Takeshi Mori
Takanatsu Hosokawa

Ishihara Lab 
Imperial College London
Koichi Sasaki
Ako Ishihara 
Pooja Kaur
Maria Nikolaidi
Melanie Herps
Chuyi Wang
Jackson Chiu
Takumi Matsuo
Elina Tanskanen
Laurine Noblecourt
Ioanna Panagi
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