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Frail

Nursing care

Age

Healthy

・Reducing care-requiring 

period
・Improving QOL

・Reducing social welfare budget

Aging
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Hearing lossSarcopenia Baldness AtherosclerosisDementia Cancer

Japan has the problem of aging and

the intervention is urgently required
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Aim of this project (Mitochondrial Medicine)



The world is competing to establish and focus on aging 

research institutes.

Research on aging, lifespan and aging-related diseases 

requires long-term, individual-level analysis. In other words, we 

must establish a system to support and promote consistent, 

long-term, and integrated research, from research using short-

lived models such as nematodes and fruit flies to research 

using mice, monkeys, and humans. (CDRS2019)

Metabolites

Disease 

model-iPS

Clarify the mechanism on 

disease model drosophila

Mitochondria

Gut bacteria

Cells

Evaluate the therapeutic efficacy and 

develop novel drugs using C. elegans 

model

Evaluate the therapeutic effect 

of MA-5 on disease model 

animal
Genome

Breath-omics

Mitochondria, 

liquid biopsy

Human entero-epithelial cells

Skin-sensor

C. elegans

Drosophila

Mouse

Artificial intestine 

model, ALS

Genome Metagenome

AI
Moonshot DB at 

ToMMoMito-omics

Healthy subjects 100

Patient 850

• We should establish a system to support and promote long-term, integrated research using cultured cells, nematodes, 

Drosophila, mice, pigs, human iPS cells, intestinal bacteria, and human trials. Unified elucidation of mitochondrial function

regulation mechanisms and aging for rehabilitation, food development, and drug discovery.

• We will immediately verify the findings obtained from basic research in animal experiments to promote research on aging 

and lifespan through a cycle of exploration of fundamental principles and realize a healthy and long-lived society ahead of 

the rest of the world.

Clues to healthy life expectancy

metabolites

Mitochondria

DNA

Nuclear 

DNA

Biostatistics

Integrated 

analysis

Metabolites

Mitochondria DNA

Age clock

Nuclear 

DNA

Gut bacteria

Centralized analysis of aging in this study

Harvard
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Integrated analysis

Mathematical analysis

Enterobacteria
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Mito-omics

(NGS)

(NGS)

Functional loss of
mitochondria

ROS

Aging clock・Sensor

Blood

Feces

Urine

Data & Sample

distribution
Drugs

Mitochondrial data of ToMMo represented Japanese 
average population

Mitochondrial
DNA

Nuclear 
DNA

micro
biota

Metabolite

Data Integration

MA-5 etc.

Marker

Sensor

Drugs

ALS/Mitochondrial 

Disease 80 cases

IBS

150 cases 

Dementia

150 cases
Cancer

450 cases

Mitochondrial

Medicine
＜Confirmation＞＜Hypothesis＞
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AI

DNA

DNA

バイオバンク

System architecture for the collection of clinical specimens 

and data management in the hospital

Explanation from the physician to 

patient in the examination room

Obtain consent 

at the biobank 

booth [1st time] Ethics approval review
Obtain consent in 

the examination 

room [2nd time]

Patient's consent

[Sample] Collection of 

blood, urine, and breath

Provided by patient
Data

Clinical data input by the physician

Patient's consent
Analysis

RIKEN, Juntendo University

Keio University

Data

Supercomputer center in ToMMo

Integrated analysis

Mathematical analysis

Blood 
Urine 
Feces

Blood 
Urine 
Feces

Chiba children’s 

hospital

Mitochondrial disease

Tohoku University 

Hospital

Hypertension, Renal 
failure, diabetes, Cancer, 

depression, IBS, ALS, 
Mitochondrial disease

Tokyo Institute of Technology

RIKEN, Juntendo 
University

NGS

・human genome
・mitochondrial genome

Data

DataKeio University

[Develop analysis procedure]

・Metabolome analysis

・Metagenome analysis  

(Shotgun analysis）
Tokyo Institute of Technology Data

Data

Data

ToMMo

Collaboration

Collaboration
Collaboration

Professor Gen Tamiya

(ToMMo)

Collaboration

Data administrator

【Yakult】

Genome

Metagenome

【Three-generation cohort】

Mitochondria

【ToMMo】

Mitochondrial DNA

Fruits

ToMMo server for 

Moonshot project

Database established in 
supercomputer

Sample Collection 

System (including ethical

agreement)

Analysis and 

Data storage &

Managing system
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ROS

Idebenone

Matsuhashi T. et al. EBioMedicine, 2017 8

＜Existing drug＞ ＜MA-5＞

MELAS

KSS
＜ATP＞

nmol H2O2/min/mg protein

*
**
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0.1

00

200000
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Control MA-5

Unit

Control MA-5Control MA-5

a-lipoic acidVit. C

Idebenone CoQ10

Antioxidants

sulforaphane

Mitochondria-targeted drug development

<Mitochondrial ROS production>

Novel structure-activity correlation mechanism 

mediated by mitofilin, a binding protein for MA-5.

MA-5 exhibits the therapeutic 

intervention effect on any-types of 

mitochondrial disease cells that has an 

impairment of mitochondrial complex 

protein 

Leigh 

encephalopathy

Leber disease
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治験施設提供

＝

毒
性

VentureUniversity Pharm ace

utical Co.
Hospital

Death 
Valley

Basic Research 

I nvention

Applied Research 

I nnovation

• Safety
• Money 
• Patents

9 to 17 years

We are here??

• World's first, from Japan. The first step toward overcoming the mitochondrial 

disease.

• MA-5, which has been developed, is an epoch-making candidate compound for 

the treatment of mitochondrial disease whose efficacy has been confirmed in 

cells of patients with mitochondrial disease and animal models of the disease.

• A clinical trial was initiated in which MA-5 was administered orally to 56 healthy 

adult subjects.

• The objective is to confirm the safety and pharmacokinetics of MA-5 in healthy 

adult subjects.

• Collaboration with patient associations is promoted.

<Media > Listed in

Nihon Keizai Shimbun, Nikkei Biotech, Nikkei Medical

Nikkei Medical, FNN Prime Online, 0Tele News 24, Jiji Press, Kahoku Shimpo, Nikkei 

Biotech, Sendai Broadcasting System, Miyagi Television, Tohoku Broadcasting System, 

NHK, etc.
Photo offered by clinical trial hospital

Clinical trial

（2～3 years）

Basic research

Step1

Disease Research

Searching for new drug candidates

Non-clinical studies

Step2

Examine efficacy and safety 

in cells and animals

Clinical trials

（3～5 years）

（3～7 years）

Investigating 

effectiveness and 

safety in humans

Step3

Step4 Application for approval and review

Application to the Ministry of Health, Labour and Welfare

Review for efficacy and safety

Step5 Approval and launch

Approved by MHLW and launched 

as a pharmaceutical product

Post-marketing surveillance and testing

Investigate proper use of the drug 

under routine medical care

Safety

Efficacy

Effect

（1~2 years）

The balance between risk 

and benefit

A clinical trial for MA-5, a candidate drug for the mitochondrial disease, is 

now underway with healthy adult subjects. Phase 1 trial.
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MA-5A control

ADAMTS-5

0
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＊

ミトコンドリア

+MA-5

Dysplasia Carcinoma

Inoue D. Med Mol Morphol 55: 27, 2022.

Normal +MA5

＊＊

MMPs↑

ADAMTS-4↑

Agglycans ↓

Type III 

collagen↓

Cytokine

MMP13

カテーテル

腹腔

Disease mouse
Disease mouse

+ MA-5

unpublished

Muscle weakness

Indication of  MA-5 treatment and conceivable application for cure 

Normal colon
Enteritis caused 

by IBD

Inflammation

Inflammatory 

carcinogenesis

Inflammatory 

carcinogenesis

Inflammatory 

carcinogenesis

Pat application # 2019- 63638

Title：Anti-cancer drug

Submission：03/28/2019

Drug for osteoarthritis

Patent #: 6977990

Date Dec.3. 2021

Osteoarthritis Peritoneal dialysis

Hemodialysis Peritoneal dialysis Suppression of 

peritoneal fibrogenesis 

by MA-5

Peritoneal fibrillization

Collaboration research with Professor Tomoya Nishino 

at Nagasaki University

= excess fluid

= discarded waste

= glucose

Internationally, it has an affinity for 

developing countries due to the 

simplicity of the treatment, the fact that 

it can be done while working, the low 

electricity requirements, and the 

scarce human resources requirements.

Chondrocytes in 

osteoarthritis produce 

inflammatory cytokines 

such as IL-1b and TNF-a.

Inflammatory cytokines 

promote the expression of 

the cartilage matrix-

degrading enzymes MMP-

13 and ADAMTS.
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Developing drugs for mitochondria

IMMT Protein X

IMMT Protein X

Light

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

10 uM 10 uM 10 uM 10 uM 10 uM 0.1 uM 1 uM 1 uM 0.1 uM 0.1 uM 0.1 uM 1 uM

DMSO TO-5 MA-5 MA-1 MA-7 MA-9 MA-13 MA-18 MA-19 MA-21 MA-22 MA-30 MA-35
C

MA-5 A B C D E F JIHGO

Other indole compounds

for ATP production

High throughput assay system

Mitophagy

SASP
Chronic inflammation

abnormal
mitochondria

Cell 
death

Senescence

Removal
of abnormal

mitochondria

Pat application 
#WO/2020/189779

Accumulation
of abnormal

mitochondria

Mitochondria –
targeted drug

Drugs for eliminating 

abnormal mitochondria

Structure-based drug discovery

Octet-K2 Biacore CryoEMBiacore



Drosophila

Mouse

Human

Fedele G. Nature Aging 2: 317–331, 2022
12

mitochondrial toxicity in the gut 

contributes to adverse effects in 

the brain

M
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Metagenomic 
analysis

Mitochondrial DNA

Whole genome 

bacteria
Epithelial 

cells

Wall

Intestine model

Anerobic

Aerobic

Anerobic culture

Colon model
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metabolite

Microbiota

Diet

Mitochondrial functionReactor

Sequence analysis of host 

mtDNA in fecal samples

Capture mtDNA
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Muscle disorder is mitigated by MA-5 
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Engineering Agriculture

Medicine

Early deterioration of mitochondria suppressed by MA-5 
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Electrostimulation

CKD is a model for sarcopenia

A discovery that overturned the 

conventional wisdom of the time

⇒ Lower extremity electrical 
stimulation improves heart failure

A discovery that overturned the 

conventional wisdom of the time

⇒ Exercise therapy during the 
dialysis improves body function

Sato T. J Cardiol . 2021 Aug;78(2):120-128.
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Metabolites by energy production
Inflammatory metabolites

Sulfur metabolites

Metabolite

breath urine skin saliva

Bacteria
sensor

Mito-
sensor

Light mito-
sensor

Breath 
omics

Develop the devices to measure 
the profiles derived from the 
mitochondrial function using 
breath, saliva, and urine at 

home or remote sites.

Examine a new approach 
with novel devices to 

measure the profiles on 
the mitochondrial 
disease patients. 

Verify the practicability of 
the devices on mito-omics 

cohorts.

Practical realization

Shimadzu Corp. 
President and CEO 
Teruhisa Ueda

Tohoku 
University’s 
President 
Hideo Ohno

Press release for 
Breath-omics
2020.10.16

Non-invasive mitochondrial sensors

Home Remote sites
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単一細胞内部の温度を測定

l 生理現象を「 熱」 「 温度」 の視点から検討

l 温度による細胞センシング・ 疾病の診断と

治療

l 次世代の温度計測 →

ラベルフ リ ー細胞内温度計測

細胞内の水の
ラマンバンド
を用いた
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l 温 度 上 昇 に 伴 い 、 Oｰ H伸 縮 振 動 バ ン ド の ⾼ 波 数 側 で 強 度

上 昇 、 低 波 数 側 で 強 度 低 下

25℃からの差スペクト ル培地 (HBSS)のラマンスペクト ル HBSSの温度検量線

l 単 ⼀ 細 胞 の ラ ベ ル フ リ ー 温 度 計 測 が で き る の で は な い か

T. Sugimura, S. Kajimoto, T. Nakabayashi, Angew. Chem. Int. Ed., 59 (2020) 7755.
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細胞のラマンスペクトルから温度を推定するNNを構築・学習した

単⼀H eLa細胞のラマンスペク ト ル Excitation beam

Raman
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Current status of sensor-development (1)

Portable IoT for bacteria sensor 

capable of measuring real-time

Multi-sensor 

(capable of simultaneously measuring 6 bacterial strains)

Cooperation research of Surgery and Biomedical Engineering

Development of the portable-type sensor to detect cancer-related microbiota. Laser Raman scattering

mitochondrial temperature
(10°C difference)

NADH
（ mitochondria ）

Cytochrome C
（ mitochondria ）

Water density
（mitochondria）

Non-invasive skin mitochondrial sensor

Pre-addition of FCCP Post-addition of FCCP

Improvement of accuracy on temperature measurement 

using machine learning
• Detect the oral bacteria from saliva samples (40 

individuals including healthy volunteer and tumor 

patients) using the portable-type multi-sensor.

• Compare the data of the sensor with that of real-

time PCR and DNA sequence 

• Detect the intratumor tissue resident bacteria
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Current status of sensor-development (2)

培養細胞系で培養条件と培養液中のGDF15産⽣量を最適化
酵素カスケード反応を組み合わせる必要があるかを検証中。
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HeLa細胞のラマンスペクトル

GDF15 (ミトコンドリア障害マーカ-)センサー（ 珠玖）

ミトコンドリアセンサー（中林）

F. nucleatum

⼤腸がんの炎症
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⾷道がんの進⾏予後
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ポータブル菌センサ
（試作機）が完成

呼気オミックス装置の開発（⾚池・本橋）

磁性ナノ粒⼦を⽤いた癌に特異的な菌
センサー（藪上）

動物⽤

ヒト⽤

	

	

近⾚外ラマン・全反射ラマンイメージングシステムによる
温度（ミトコンドリア機能）の測定に成功（中林）

⽪膚

将来図

（ ⅰ- 2） プロジェクトの研究進捗 社会実装に向けて

センサー

課題︓ディッシュから⽪膚へ

⾷道癌患者の呼気は正常やCovid-19の患者の呼気とは
グルタチオン系の組成が全く異なる（⾚池、本橋）

課題︓予検討段階

課題︓感度向上と⾃動化

課題︓感度向上と⼤⼈数
での検証

近⾚外光(波⻑750 nm-1200 nm)の光は⽪膚内に⼊ることができるために、新たに近⾚
外域の検出器を導⼊し近⾚外光を励起光としたラマン測定によって⽪膚内の温度計測する。

＜解決法＞

＜解決法＞
＜解決法＞

＜解決法＞

⾷道癌におけるイオウ代謝物

症例数を増やす、内標の探索

微粒⼦に抗体を結合するELISA

法を⽤いることで感度が向上
反応時間・洗浄時間の短縮や
バックグラウンド低下する。

流路やマイクロウェルをあわせ
スループット向上と迅速・簡便
な多検体測定系の構築ができる。

・測定時間の短縮

・⾼感度化
・操作性
・擬陽性等の定量化
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The goal of this study is establishing the sensing system, drug, functional foods, exercise,
and sleep for ageing that can restore the mitochondrial dysfunction, preventing aging,
hearing loss, muscle weakness, organ failure, carcinogenic to achieve healthy society
until 100 years old.

Hearing loss

Sarcopenia

Baldness

Atherosclerosis

Dementia

Cancer



3, Sensor development

4 , Exploration of basic principles

21

5 , Collaborative research with overseas institutions

Summary of project progress over this year

1, Mito-Omics (whole genome, mitochondria, metabolome analysis of blood, urine, feces, microbiome analysis of feces)

• Collection of specimens from cancer, depression, IBS, mitochondrial disease, and ALS patients 

(Average:25%, 2~40 % achieved)

• Mito-omics analysis of control patients (100 patients) (100% except for genome (30%))

• Tohoku Medical Megabank Collection of mitochondrial genome information of 50 thousand people

• Tohoku Medical Megabank + collection of 276 number of faces samples

• Hospital specimen collection system and storage database development

2 , Mitochondria therapeutic drug, food, and rehabilitation development

• Phase I investigator-initiated clinical trial of MA-5, a novel mitochondrial therapeutic agent

• Establishment of a new drug screening system and identification of more effective patented compounds

• Identification of antioxidant and mitochondrial supplement foods

• Rehabilitation development without the burden

• Development of bacterial sensor to identify bacteria related to cancer

• Skin sensor to measure intracellular temperature combined with AI learning

• Mitochondrial metabolites specifically identified by breath sensor

• Prolonged running time in a mouse model

• Development of human iPS cell artificial gut model

• Harvard University >> >> Signing completed, research initiated

• Yale University, University of Chicago >> Awaiting final review results.



END
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