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The aims of cell-based technologies 
for target discovery

• New & right targets
• Proof of concepts 
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RNA interference expands the druggable targets:
genome-wide target discovery

Discovery
Preclinical 
development
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Target gene Design of interfering RNA Drug R&D
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Oncology
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*siRNA:short interfering RNA CP



Unpredictable combinations of molecularly targeted agents

Table: Phase III trials of targeted agents combined with standard cancer treatments

Agent Cancer
Chemotherapy

OutcomeConcurrent 
administration

Preclinical support 
for combination?

Gefitinib

Erlotinib

Trastuzumab

Bevacizumab

Oblimersen

Cetuximab

Colon (2 trials)
Breast: first line
Breast: scond/third line

Lung

Head and neck

Head and neck

Lung (two trials)

Lung (two trials)

Pancreas

Breast/HER2+

Melanoma

Y Y Failed (no difference in RR and OS)

Failed (no difference in RR and OS)Y Y

Y Y

Y Y

Y Y

Y Y
Y Y

Y Y

Y ?

Y Y

Radiation Y

Improved survival

Improved survival with paclitaxel
Failed (improved RR but no 
difference in PFS))

Improved survival

Failed to improve OS

Failed (improved RR but no 
statistically significant difference in 
PFS))
Improved survival

OS, overall survival; PFS, progression-free survival; RR, response rate.
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Improved survival

Improved survival

J. E. Dancey & H. X. Chen, Nature Rev. Drug Discovery 5, 649 (2006)



L. Suter, L. Babiss, E. B. Wheeldon, Chemistry & Biology 11, 161 (2004)

Low risk in toxicology, High risk in Efficacy

Industry Median                Pre-Clinical         Phase I         Phase II         Phase III     Registration

Clinical Safety                       0.5%                  27.9%           13.4%               9.8%                    30%

Efficacy                                  5.6%                 17.5%            52.0%             72.5%                    20%

Formulation                           5.1%                   5.8%              1.6%               0.0%                      0%

Market Potential                    6.2%                   3.9% 7.9%               3.9%                    30%

PK/Bioavailability                11.8%                 14.9%   2.4%               0.0%                     0%

Strategic                              14.4%                  12.3%            13.4%               5.9%                   20%

Resources                             1.5%                    1.3%              0.8%               3.9%                     0%

Toxicology                           44.1%                 10.4% 2.4%               3.9%                      0%

Cost of Good                         1.5%                   1.3% 0.0%               0.0%                      0%

Unknown                               7.2%                    1.3%              4.7%               0.0%                      0%

Others                                   2.1%                   3.2%              1.6%              0.0%                      0%

Number of Projects            194                  154               127                51    10
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Cell-based large-scale functional screening (multi-well format)
C. elegans Drosophila Mammals

E. coli

Feeding 
bacteria

Injection 
& 

soaking

Worms

Bathing

dsRNA(>200bp) dsRNA(>200bp)

Transfection

dsRNA(21bp)

Modified the fig in D. Kuttenkeuler & M. Boutros, Briefings in Functional genome and 
Proteomics 3, 168 (2004)

Cell culture Cell culture
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Genome-wide functional screening works as identification 
of certain pathway components

Model Screening scale Phenotype assay Results Ref.

C. elegance RNAi bacterial library
(>80% ORFs)

Longevity (whole body) Daf-2/insulin-like signaling pathway,
Energy generation metabolism,
Protein turnover,
New pathway components

Genes&Dev.19, 
1544 (2005)

dsRNA (98% ORFs) Time-lapes
image(Embryonic cell) 
46 phenotype 
categories 

661 genes responsible for 23 
embryogenic phenotypes

Nature 434, 462 
(2005)

RNAi monitoring GFPRNAi bacterial library
(>94% ORFs)

90 components responsible 
for RNAi involved 11known 
genes

Science 308, 
1164 (2005)

Drosophila 
(cultured 
cells)

dsRNA library  
(43% ORFs)

Hedgehog-
responsive 
luciferase

4 known Hh pathway components,
4 unknown Hh pathway components,
11 multi-functional proteins

Science 299, 
2003 (2003)

dsRNA library 
(whole genome)

RNA monitoring 
luciferase

5 known RNAi pathway components,
2 unknown components in the pathway

PNAS 103, 11880 
(2006) 

dsRNA library  
(>95% ORFs)

Wnt reporter (TCF-
binding 
site+luciferase)

238 Wnt signaling pathway 
components (50% human 
orthologs, 18% associate with 
human disease, corelation to in 
vivo model animals (zebra fish).

Science 308, 826 
(2005)

Mammalian 
cell lines
HeLa (human) dsRNA library 

(590 kinase)
Virus infection 
(endocytosis)

208 endocytic pathway components Nature 436, 78 
(2005)

SHSY5Y(human) dsRNA library (85 
tyrosine kinases)

Neurite extention Cholinergic and dopaminergic
neurite extention specific tyrosine 
kinases. Correlation to in vivo 
functions.

In submission
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Multi-well cell-based functional analysis
for target discovery

>Rapid genome-wide functional analysis 
>New compornents in the known pathway
>Components suggesting new pathways

Merits

Demerits
>In vitro results may be artificial
>Insufficient injection or transfection
>Requiring robust statistical analysis
(multi-well is too large to manage multiple experimental repeats)

CP



Challenge to right analysis of cells

Clinical samples

Separation

Analysis

(culture)

Data source: J. El-Ali, P.K.. Sorger and K. F. Jensen, Nature 442, 403 (2006) CP



Primary cells

Immortarized cell lines

Genome-wide 
functional 
screening

Varidation by 
primary cells

Target discovery

The cell-line 
sometimes shows 
different profile of 
function from the 

primary cells.

Does the candidate 
set involve the best 
target?  

Conventional
strategy

Challenge to primary-cell-based screening 

Clinical samples

Large-scale culture

siRNA

Disease models
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Cell array systems as miniaturized format for genome-wide 
functional assay 

Data source: Nature Review Genetics
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Development of practical format

• High transfection efficiency for primary cells
• High-content image-based assay
• Robust statistical analysis

CP

Multiple print 
(5 times)

Multiple print 
(3 times)

Single print

S. Baghdoyan et al. Nuc Acid. Res. 
32, e77(2004)

5 mm

Transfection efficiency

Localization

Uniformity of spots

Issues on manufacturing



Solid-phase non-viral transfection accelerators

Nuclear

Narrow space

DNA

Cell membrane

Nuclear
membrane

cell

Nu

Cell membrane

Fibronectin DNA/polymer

Glass slide

H2O
H2O

H2O H2O H2O
H2O
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Optimal accelerators increase solid-phase transfection
efficiency

Cells derive Efficiency%
hMSC  bone marrow  40
HepG2 liver 80
MCF7 Breast 80
U251        brain 80
SHSY5Y  Brain            60
NTERA-2 embryo 80
（over 10 times higher efficiency)

■■: ordinary transfection
■■: ECM based accelerator
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Masato Miyake：Bio Venture 7/8, 22 (2004) (Domestic journal)
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Merged Nuclear stain Cellular stain

Transfection microarray allows image-based analysis

Library Printed area
1x9 spots/siRNA
80siRNAs/chip

Library Printed area

Controls

Controls

1 cm
Teflon coat
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On-chip image-based assay of tyrosine kinase siRNAs 
inhibited neurite extension
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Image-based quantification of 
frequency of neurite outgrowth

Tyrosine kinase targeted siRNAs (85)

Tyrosine kinase targeted siRNAs (85)
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TMA format allows robust statistical analysis

Normality test

Mean value

yes no

Student’s T-test U-test

F-test

noyes

Welch’s T-test

Negative control (n=9,18,27,,,)
Target (n=9)

Average value

Selection of statistically right hits

Integration to biochemical interaction database
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Pathway components analysis responsible for DXR 
sensitivity

Targets : human Tyrosine kinase (TK) siRNAs 
(85 genes/pooled-siRNA; from Dharmacon)

Systematic KnockSystematic Knock--downdown

Presence of anti-cancer drug (conc.= IC50)
Selection of Lethal/rescue siRNA

TMA chip

Exploratory new targets which independent to DXR

anti-cancer drug : Doxorubicin (DXR)

Pathway analysis

Absence of anti-cancer drug
Selection of Lethal/rescue siRNA
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Experimental condition

1.Cell line

2.Culture condition
DMEM+10%FBS (5% CO2)

3.anti-cancer drug
Doxorubicin (DXR)

4.siRNA library 
human Tyrosine Kinase siRNA library (85 genes, pooled)

T-47D（ATCC HTB-133)

SK-BR-3（ATCC HTB-30)

ERα

＋

－

HER2

－

＋

DXR IC50(nM)

156

163
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Data collection

SK-BR-3＋DXR T-47D＋DXRSK-BR-3 T-47D

P-test value cut off （<0.01） n=4

R
N

A
i

R
N

A
i

R
N

A
i

R
N

A
i

（Four days after siRNA transfection, viability was measured by using WST and Live/Dead assay）
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Text-based path-finding

*using KeyMolnet database

Common targets network Common targets network
between SK-BR-3 and T-47D

*
*

Common targets network

CP

*



VEGF up-stream search Target 1 down-stream search

VEGFR3

SK-BR-3, T-47D common pathway

Breast cancer specific TK gene
BBRC(2004)318:882

Target 1Target 1

DXR enhancer target candidate
Mol. Pharmacol. (2004) 66:635

Identification of common pathways among the different cell-
lines

Target 2Target 2

Target 3
New target 
candidates CP



TMA array printer
・sample information management
・automatic operation
・calibration system integrated
・high reliability
・print information management

Time-lapse observation 
・Cell culturing system integrated
・auto-focus unit integrated
・automatic data acquisition software
・adaptive for TMA format
・high resolution image acquisition

Data storage and image analysis
・Data integration all information
・Image analysis and quantification
・mathematical analysis for all data

Resources (DNA, RNA… )
・Vector library
・Reporter system
・siRNA library
・other molecules

Optimized glass slide for TMA 

information

Cell
・Cell line
・Primary cell
・Normal cell

Transfection microarray system

information
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Real-time & paralleled Pathway monitoring
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Incubation pod

Transfection
array

Miyake et al. (in preparation)
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G1-cell arrest/
Negative regulation

Adaptation to 
the serum starvation/
Positive regulation

Apoptosis cascade

Serum starvation
0 min 1000 min 2000 min

Cellular event time

Degradation of proteins

Challenge to non-statistical analysis: Cellular event analysis
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Next stage of cell-based functional analysis  

• Molecular process for efficacy
• Proof of concept of combination therapy

CP



Prospects of cell-based target discovery

• Genome-wide functional analysis would be 
powerful to find new druggable pathways and 
components.

• Transfection microarray, which allows primary cell, 
would be a robust miniaturized experimental tool 
for the genome-wide functional analysis.

• Next challenge would be understanding of process 
of efficacy and application to combination therapy.

• New bioinformatics methods may be needed to 
integrate the statistical data and the non-statistical 
data.

CP



Contributions

CytoPathfinder
Tomohiro Yoshikawa, Ph.D
Takanori Ueda, Ph.D
Michiko Kishi
Noriko Araki
Mie Ikegami

National Institute of 
Advanced Industrial 
Science & Technology
Jun Miyake, Ph.D
Satoshi Fujita, Ph.D
Shigeru Yamada, Ph.D
Eiichiro Uchimura, Ph.D
Masaaki Uchida, Ph.D
Eiji Ohta, Ph.D
Daniel P. Funeriu, Ph.D
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CytoPathfinder AIST

Thank you !
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