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10-Year Trends

in Biomedical Research Spending
in Major Drug and Biological 

Product Submissions to FDA

FDA report 2004
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従来型創薬研究の限界

毎月のように病気の原因分子を特定したという報道があるが、
ほとんどが治療に至らず基礎研究に留まっている。

製薬企業は標的として約500種類の分子を検討し、大手各社
では200万種類以上の化合物ライブラリーを使ってスクリーニ
ング

既存品や先行品との医薬品の差別化が主目的であり、それも
患者さんの感覚という主観的な根拠も利用

ベータブロッカー薬は15－30%の人には効かず、抗うつ薬は
20－50%、インターフェロンは30－70%の患者さんには効か
ない

今までは標的分子のバリデーションが欠如しているため薬剤
がヒトに作用せず、臨床試験での失敗につながっている
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Critical Path Opportunities List

March 2006
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Critical Path Opportunities List, Mar 2006

Biomarker

Diagnostic biomarker

PK/PD biomarker

Efficacy/MOA biomarker

Safety biomarker

Patient stratification biomarker
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Critical Path Opportunities List, Mar 2006

Bioinformatics

Indentification and Quanlification of Safety Biomarkers

Virtual Control Groups in Clinical Trials

Adverse Event Data Mining

Multiple Complex Therapies

Modeling Device performance

Clinical Trial Simulation

Failure Analysis

Natural History Databases for Rare Disease
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Initial biomarker researches
MOA studies

PD/PK biomarker 
Efficacy biomarker
Safety biomarker

Early POC/POP
Patient stratification

FDA documents
Marketing

Contribution of biomarker research in 
different stages

Reverse translation researches to assist new ideation

Translation Researches to shorten timelines

Clinical development

Ph I Ph II Ph III

Preclinical

development

Prototype 
design or 
discovery

Basic 
research Lunch
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Cross-omics for translational researches

Natural Level
Complexity

DNA

RNA

Proteins

Phenotypes

Metabolites

Genomics

Transcriptomics

Proteomics

Metabolomics

Imaging

© 2010 青島健 (エーザイ（株）) licensed by CC表示2.1日本

http://upload.wikimedia.org/wikipedia/en/5/55/Pre-mRNA-1ysv.png
http://upload.wikimedia.org/wikipedia/en/0/0a/PBB_Protein_HIST1H1B_image.jpg


4.61E-2 1

1 182 17  50  93 

Testin (TESS)
Ubiquilin-2 (Protein linking IAP with c...
Programmed cell death protein 6 (Pro...
Heat-shock protein beta-1 (HspB1) (...
Peroxiredoxin 2 (Thioredoxin peroxida...
WD-repeat protein 68 (WD-repeat pr...
14-3-3 protein sigma (Stratif in) (Epith...
14-3-3 protein beta/alpha (Protein kin...
Chain C, Macrophage Migration Inhibi...
Protein disulf ide-isomerase precursor...
T-complex protein 1, eta subunit (TC...
SET protein (Phosphatase 2A inhibito...
Endoplasmin precursor (94 kDa gluc...
transportin 3 [Homo sapiens]
Tubulin alpha-3 chain (Alpha-tubulin 3...
Ubiquitin-conjugating enzy me E2 N (...
Coatomer delta subunit (Delta-coat p...
abhy drolase domain containing 10 [H...
Far upstream element binding protein...
Proteasome subunit beta ty pe 1 (Pro...
Proteasome subunit beta ty pe 3 (Pro...
RCD1 required f or cell dif f erentiation...
hy pothetical protein LOC51371 [Hom...
Mitogen-activ ated protein kinase 3 (E...
Heat shock 70 kDa protein 4 (Heat s...
Nucleosome assembly  protein 1-like ...
Thioredoxin reductase 1, cy toplasmi...
Collagen alpha 1(VII) chain precursor...
Olf actory  receptor 51Q1
Hy droxy indole O-methy ltransf erase ...
Postreplication repair protein RAD18 ...
Protein KIAA0196
KIAA1477 protein [Homo sapiens]
OSBPL1A protein [Homo sapiens]
hemicentin 1 [Homo sapiens]
MGC33584 protein [Homo sapiens]
General transcription f actor 3C poly p...
immunoglobulin heav y  chain v ariable...
Embry onic growth/dif f erentiation f ac...
Integrin alpha-D precursor (Leukointe...
Leucine-rich repeats and calponin ho...
unnamed protein product [Homo sapi...
Glutamate receptor 4 precursor (Glu...
Vesicular acety lcholine transporter (...
T-box transcription f actor TBX19 (T-b...

RAW DATA

Advanced Peak Picking Algorithms 
&

Quantitation Algorithms

Biostatistical analysis
Candidate Peaks/Markers

Public DBs
(NCBI, SwissProt etc)

Identification

Pathway Analysis

Original Format

In house
DB

New Drug 
Targets/MOA

BIOLOGICAL 
VALIDATION

In‐house built annotation system

In‐house built 
clickable heat map

AB3D

Mass++

In‐house built software for proteomics

IPA, 
Metacore

© 2010 青島健 (エーザイ（株）) licensed by CC表示2.1日本



Genomics

Samples: 2114
Compounds: 62

Accumulated and annotated in house multi‐
OMICS database system 

MOA/Target Hunting/Biomarker Discovery

Chemical 
proteomics

Phospho
Proteomics

Transcriptomics

Samples: 2,383
Compounds: 160

Samples: 6,075
Phosphorylation
: 13,255 sitesSamples: 397

Compounds:  
166

Metabolomics

Clinical 
information

Public DBs

Eisai 
Tissue Bank

Up to Jan 2010
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ヒト血漿サンプル ヒト脳脊髄液サンプル マウス／ヒト脳サンプル

世界におけるエーザイのプロテオミクス研究のレベル

高速化・高感度化により数多くのタンパク質を同定
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アルツハイマー病の発病メカニズム（仮説）と診断ツール

老人斑ができる過程

APP →   アミロイドβタンパク質（Aβ） → アミロイド線維

神経原線維変化(PHF)がおこる過程

タウ →  異常リン酸化タウ →  ＰＨＦ

神経細胞が脱落していく過程

神経細胞障害 →  神経細胞死

認知症
（ＡＤ）

β・γセクレターゼ 重合（凝縮）

リン酸化 重合

脳形態画像、
脳機能画像（血流、代謝）
問診(神経心理学的検査)

脊髄液のＡβ４２、
リン酸化タウ測定

アルツハイマー病発病への時間的経過

血液マーカーの開発
より侵襲性を低く
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13

MMSE(Mini-Mental State Examination) 
score
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Strategy for biomarker discovery

Biomarker 
candidates Validation Practical 

use
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Comprehensive proteomics
- タンパクレベル vs ペプチドレベル発現

タンパク質レベルの発現(ApoE)

ペプチドレベル発現ビューワ（Pepper)

ApoE4: LGADMEDVR
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Focused metabolomics 

17 AD vs 17 control
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創薬分野におけるデータベースの課題

Development of metabolome database
Development of public biomarker database
Development of safety and toxicology 
database
Development of a public database of 
information from trials of unsuccessful 
products
Natural history databases for rare diseases
Multiple complex therapies database
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Development of metabolome database for 
Mass spectral ID

MassBank

Mass++

MassBank レコード作成
類似 スペクトル検索
Peak Search, Peak Difference Search
検索結果表示

"MassBank: A public repository for sharing mass 
spectral data for life sciences", H. Horai,  et al J. Mass 
Spectrom., 45, 703-714 (2010).

2010年09月24日現在 ｜ 総スペクトル数 : ※1 
29,796
http://www.massbank.jp/
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Development of virtual control database

Virtual control group database

Cross different
product types

Drug A

Drug B

Drug C

…
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Development of trials of unsuccessful 
products database

Trials of unsuccessful products database

Pharmaceutical  A

Pharmaceutical  B

Pharmaceutical  C

…
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Summary

Success to discover AD diagnostics 
biomarkers using multi-OMICS technologies 
Those biomarkers could be expected as a 
tool to shorten time line of product creation
To accelerate preclinical and clinical speed 
by fully utilizing bioinformatics
To development public domain databases for 
pharmaceutical needs
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