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The aims of cell-based technologies
for target discovery
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RNA interference expands the druggable targets:
genome-wide target discovery
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Unpredictable combinations of molecularly targeted agents

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

Chemotherapy
Agent Cancer Concurrent Preclinical support Outcome

administration for combination?

Gefitinib Lung (two trials) Y Y C Failed (no difference in RR and OS

Erlotinib Lung (two trials) Y Y @ (no difference in RR and OS
Pancreas Y Y Improved survival

Trastuzumab  Breast/HER2+ Y Y Improved survival

Bevacizumab Colon (2 trials) Y Y Improved survival
Breast: first line v Y Improved survival with paclitaxel
Breast: scond/third line , v @mproved RR buTD

erence in PFS))

Lung % Y Improved survival

Oblimersen Melanoma % s @ed to improve OS

COXImab - Head and neck Y Y atitically significant differe
Head and neck ediatiom Hﬁ’r’éved survival

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

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



Low risk in toxicology, High risk in Efficacy

Industry Median Pre-Clinical Phase | Phase Il Phase Il Registration
Clinical Safety 0.5% 27.9% 13.4% 9.8% 30%
Efficacy 5.6% 175% € ' 20%
Formulation 5.1% 5.8% i.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 I 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 ol 10

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




Cell-based large-scale functional screening (multi-well format)
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Modified the fig in D. Kuttenkeuler & M. Boutros, Briefings in Functional genome and
Proteomics 3, 168 (2004) -




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

Model Screening scale Phenotype assay Results Ref.
C. elegance RNAI bacterial library Longevity (whole body) Daf-2/insulin-like signaling pathway, Genes&Dev.19,
(>80% ORFs) Energy generation metabolism, 1544 (2005)
Protein turnover,
New pathway components
dsRNA (98% ORFs) Time-lapes 661 genes responsible for 23 Nature 434, 462
image(Embryonic cell) embryogenic phenotypes (2005)
46 phenotype
categories
RNAI bacterial library RNAI monitoring GFP 90 components responsible Science 308,
(>94% ORFs) for RNAI involved 11known 1164 (2005)
genes
Drosophila dsRNA library Hedgehog- 4 known Hh pathway components, Science 299,
(cultured (43% ORFs) responsive 4 unknown Hh pathway components, 2003 (2003)
cells) luciferase 11 multi-functional proteins
dsRNA library RNA monitoring 5 known RNAI pathway components, PNAS 103, 11880
(whole genome) luciferase 2 unknown components in the pathway (2006)
dsRNA library Wnt reporter (TCF- 238 Wnt signaling pathway Science 308, 826
(>95% ORFs) binding components (50% human (2005)
site+luciferase) orthologs, 18% associate with
human disease, corelation to in
vivo model animals (zebra fish).
Mammalian
cell lines

HelLa (human)

SHSY5Y(human)

dsRNA library
(590 kinase)

dsRNA library (85
tyrosine kinases)

Virus infection
(endocytosis)

Neurite extention

208 endocytic pathway components

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

Nature 436, 78
(2005)

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

Merits

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

Demerits

>|n vitro results may be artificial
>|nsufficient injection or transfection
>Requiring robust statistical analysis

(multi-well is too large to manage multiple experimental repeats)



Challenge to right analysis of cells

|

Separation
| (culture)

Analysis

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



Challenge to primary-cell-based screening

The cell-line \
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Cell array systems as miniaturized format for genome-wide
functional assay
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Development of practical format

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

B uitiple pri . :
Btimes) Issues on manufacturing

Transfection efficiency

Multiple print
(3 times)

| ocalization

NE Single print

Uniformity of spots

S. Baghdoyan et al. Nuc Acid. Res. 5mm
32, e77(2004)



Solid-phase non-viral transfection accelerators
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Optimal accelerators increase solid-phase transfection

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)

efficiency
10
© . ordinary transfection
o .
N B . ECM based accelerator
~ 7.5
S
£
= . |
‘w 5.0/ | T
=
S L
=
&= 25
o
0 | | |
HEK293 HeLa NIH3T3 HepG2 hMSCs

Masato Miyake:Bio Venture 7/8, 22 (2004) (Domestic journal)
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On-chip image-based assay of tyrosine kinase siRNAs
Inhibited neurite extension

RA
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Tyrosine kinase targeted siRNAs (85)

Relative value

(total neurite length/no.nuclear)
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|

Image-based quantification of T
frequency of neurite outgrowth



TMA format allows robust statistical analysis

) Negative co
Target (n=9)

\

ntrol (n=9,18,27,,,)
Normality test
yes | no
F-test
yes no
Student’s T-test Welch’s T-test U-test

Mean value

| | |

Selection of statistically right hits

|

Integration to biochemical interaction database

Average value



Pathway components analysis responsible for DXR
sensitivity

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

v
Systematic Knock-down ( TMA chip
/ \

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

anti-cancer drug : Doxorubicin (DXR)

Pathway analysis

Exploratory new targets which independent to DXR



Experimental condition

1.Cell line
ER o HER2 DXR ICg,(NM)
T-47D (ATCC HTB-133) + — 156
SK-BR-3(ATCC HTB-30) — + 163

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)



Data collection

(Four days after siRNA transfection, viability was measured by using WST and Live/Dead assay)
P-test value cut off (<0.01) n=4

SK-BR-3+DXR  SK-BR-3—"\ M T-47D

A AR AS AT | AU AN AW EC ED EM BN |BO| BF EQ
SK-BRI +DXR 3 -DxR T-470 T-470
» | Comparison Difference |q Comparison Difference |q P Comparison Difference |q lue Compatison Diference |q
p |Ds+Scus FLT4 —0E185 | 115380 ** Ds+Sc vs FLT4 —1.1790 | 57090+ P01 Ds+5c vs FLT4 —09451 | 91390 [k* Zunil] Ds+5c ws CSFIR —08418 | 43440 [#*
+|DstS s EPHAS -0.4290 | 44240 [k Ds+Sc vs FER__ —0.5235 | 37460 [* P<OO1 De+Sous T2 | —03367 34760 +#+ P<O.01 Ds+5c vs TIE -0.5763 | 43110 [#¢
i |DetEe g5 EPHAG 04285 | 44100 P<0.01 Ds+8c s TYRO -0.0243 | 25600 # Ds+5c vs TXE. -02061 22820 ns Down  P>0.05 Ds+5c us RK, 2636 | 20870k P<0.01
i |Ds FER —0.2537 | 36610 Kk P<0.01 Ds+Sc us L@ 30850 |* Ds+Se s EF'HA< -02546 21800 ns Down P00 Ds+5c ws FLT4 8801 | 37870 ¥+ P<0.01
r|Dss, T2 -0.2404 | 35440 R P<0.01 Ds+5c us F% 29200 |+ Ds+5c vs NTRE: 01646 2.0000 ns Up F>0.05 Ds+5c us EFHAT 7986 | 36830+ P<o01
1 |Ds+s EREE4 -0.2437 3.4360 ¥ P<0.05 Ds+Scws T 23200 | D+Se vz JAK] Z -01961  1.8360 ns Down P>005 Ds+5¢c vs FER 2270 | 2E6Q0 k& P<0.01
) |DetTE e THK -0.pEEE | 33700 ¢ P<0.05 Ds+Sc vs M 23700 n= Down Ds+5 0 ws ABLE 2813 | 1.8950 ns Down  P005 Ds+50 ws TPEIRK, 7116 | 32820 ¢ P<0.05
0 |Ds DORI -03152 | 3.2500 ¢ P<0.05 Ds+Sc us P 23630 [ns Down  P20.08 Ds+5c vs LMTKm 1951 1.8870 ns |Down |PR0.05 Ds+5c us THKI 6520 | 3.2080 ¢ P<0.05
1 |Ds LMTKZ —02200 | 32200 P<0.05 Ds+Se ve T 21600 ns Down P>0.05 Ds+$e vs FER 1002 1.8450 ns Down P>005 Ds+5 e vz EPHES 7336 | 21570 ¢ P<0.05
2 |Ds+So ps THIKD -02177 | 32100 ¢ P<0.05 Ds+Sc vs BTK 21530 ns Down P:0.05 Ds+5 0 ws 05K 204 | 17480 ns Down | P005 Ds+50 us BTK G411 | 289570 ¢ P<0.05
3 |Ds+Se s 05K -03010 | 31040 [* P<0.05 Ds+5c us FES 21450 [ns Down  P20.05 Ds+5c vs GSFIR -01814 16390 ns Down  PR0.05 Ds+5c vs TED 5575 | 28920 ¢ P<0.05
4 |Ds+Sc = EPHAR —0200F | 30850 % P<0.05 Ds+Se v TRKI 20360 ns  Down P>0.05 D+ vs NTRED -01063 15820 ns Down P>0.05 Ds+Se s TWKE -05265 | 25900 ns Down | PD0.05
5 Ds+Scfs PTKE -0U659 | 3.0540 * P<0.05 Ds+Sc us FLTI 20140 ns  Down  Pr0.05 Ds+5c vs PTEIL -01063 15820 ns Down  P>0.05 Ds+Se vs OSK -05435 | 25300 n: Down | PR0.05
B |Ds+Sc s PTRIL -00632 | 3.0050 ¢ P<0.05 Ds+5c us BLK 1.9870 [ns Down  PZ0.08 Ds+5c vs TIE -01424 15770 ns Down  PR0.05 Ds+5c ws PTRIL -05135 | 23940 ns | Down |[P20.05
7 |Ds+5e f= ROS -01788 | 22260 ns Down P>0.08 Ds+Sc vz EPHE 18640 ns  Down P>0.05 Ds+$e vs EPHAT -01724 14770 ns Down P>0.05 Ds+Se vz NTRKI -0512% | 23680 ns Down PD0.05
3 |Ds+Sc s EPHES -01870 | 27770 ns Down  P>0.05 Ds+Sec vs ERBE 1.8280 ns Down  Pr0.05 Ds+5 e ws EPHED -01723 14750 ns Down  P>0.05 Ds+Se vs ERBES -05108 | 21980 ns Down PR0.05
9 |Ds+5c s MET -01437 | 27570 ns Down  PR0.05 Ds+5c vs OSF1 15240 [ns Down  P20.08 Ds+5c vs ERBES -01503 14530 ns Down  PR0.05 Ds+5c s SR -0.4595 | 21170 [ns Down |PR0.05
0 |Ds+Se s FES -01034 | 27260 ns Down P>0.08 Ds+Sc vs TXK. 1.7370 |ns  Down P>0.05 Ds+$e vs FRE -01471 14230 ns Down P>0.05 Ds+Se vz FRK -0.475% | 20480 ns Down PD0.05
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3
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7 |Ds+Se fs Jaki -01742 | 24560 ns Down P00 Ds+Sc s P 15070 ns Down  Pr0.05 Ds+Se vs RYK 00726 1.0800 ns Up P>0.05 Ds+Sc ws FLT2 8500 ns | Down P>0.05
8 |Ds+Sc fs TEST -00665 | 24550 ns Down  P0.05 Ds+5c vs FGR 1.4820 [ns Down  P20.08 Ds+5c s AGKT -01206 10330 ns Down  PR0.05 Ds+5c vs RORT 8210 ns |Down |P20.05
9 |Ds+Sc = ERBEZ -01710 | 24230 ns Down P>0.08 Ds+Se v FLT2 1.4660 ns  Down P>0.05 De+$e vs YEST -00923  1.0220 ns Down  P>0.05 Ds+Se vz EPHAZ 8050 ns | Down P>0.05
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6 |Ds+Sc s NTRKE -01245 | 23170 ns Down P>0.08 Ds+Sc vs RET 1.3520 |ns Down P>0.05 Ds+Se vs L -00520 08776 ns Down  PR0.08 Ds+5e vs LK 3760 ns | Down P>0.05
7 |Ds+5c fs INSR -01620 | 22840 ns Down P00 Ds+Sc vs SR 1.3470 [ns Down  P>0.05 Ds+3c ws FLTS -00369 08407 ns Down  PR0.05 Ds+5c vs EREE4 3100 ns Down P>0.05
2 |D=+5c s EPHAL —0.2209 22780 n=  Down  P:006 D450 ws LTH 13170 nz  Down  P>008 D=+50 us ALK —-0.0979 08387 nz  Down  PX006 Ds45c ws LM 2730 ns  Down  P2006
9 |Ds+Sc s ERBER -01582 | 22300 ns Down P>0.08 Ds+So vs [GF1 1.2960 ns Down P>0.05 Ds+Se ws ISR -00831 08037 ns Down  PR0.08 Ds+Sc vs PFDGFRE 2560 ns | Down P>0.05
0 |Ds+5c s DDRE -02152 | 22190 ns Down P00 Ds+5c s JAKS -0.2543 | 1.2350 ns |Down |P50.05 Ds+3c vs EPHES -00928 07953 ns Down  PR0.05 Ds+5c us PTKG 2290 ns Down P>0.05
1 DS+SC‘ FLT1 —01542 21740 nz  Down  P:006 D=+50 ws ADK" —-03704 12280 ns Down  P2006 Dr=+5 0 us STV " —0.0908 07773 n=  Down  P:O06 Ds+5c ws EPHAR ‘ 2060 ns Down  P2006
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Text-based path-finding

SK-BR-3 T-47D

Common targets network

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

*using KeyMolnet database



|dentification of common pathways among the different cell-

liInes

VEGF up-stream search

Target 1 down-stream search

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

v Targetl
New target
candidates

Target 2 O
Target 3 O

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

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

VEGFR3



Transfection microarray system

.sample information management -Reporter system
sampre niormation manageme -SIRNA library
-automatic operation

L Resources (DNA, RNA...)
TMA array printer || 2L e I_ Vseter oy

o : -other molecules
-calibration system integrated
-high reliability
*print information management

information

Optimized glass slide for TMA

Cell

-Cell line
*Primary cell

Normal cell

: : information
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 P



Real-time & paralleled Pathway monitorin

T Transfection

AP1(PMA) CRE
1300000000 —X—E2F ~—@— none array
~——+—EGFP-N1 AP1
AP1(PMA) CRE
E2F ERE
1100000000 GAS GRE
HSE ISRE
none ERE
GAS GRE
900000000 Hse sRE
—X¥—Myc NFAT
—+—NFkB RARE
700000000 * RWMW ) - DO
—— Myc —— NFAT
| T
%wg“gmﬁzﬂzm“ : —X—NAE —X— RARE
Rb ~——+4—STAT3
500000000 SRE T
p53 ~—#— Caspased
none ——STAT3
—X— SRE —&—TRE
300000000 —+—p53 ——=— Caspase3
CREB-EGFP IkB-EGFP
- pp53-EGFP none
4 —>—none none
100000000 7R} & 2 ARt ; : CREB-EGFP —+— kB-EGFP. ncu atlon po
pp53-EGFP = none

-100000000

Miyake et al. (in preparation)



Challenge to non-statistical analysis: Cellular event analysis

Serum starvation

0 min 1000 min 2000 min

Cellular event time

RARE RE A
ISRE ° CAS NFkB Casp3
NFAT IkB STAT3 3

NFkB  |SRE NFAT ps3

CREB HSE P53 Tk
p53 STAT3 TRE Y

Myc  NFkB CREB CREB I\>|/|(::AT

STAT3 E2F TRE SRE erATS

HSE NFkB GRE

Rb g STAT3 A

M
h ngE ERE
G1-cell arrest/ ERE GAS
Negative regulation p53 CRE
psg‘Fiﬁ N STAT3
RE
CRE Degradation of proteins
= ) — _/
Y I
Adaptation to

Apoptosis cascade
the serum starvation/

Positive regulation



Next stage of cell-based functional analysis

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



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.
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