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Focus on “discovery and development”

drug development processing

phases of anti-cancer
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(%) Focus on “discovery and development” phases of anti-cancer drug

development processing

-Strategic planning of “Personalized Medicine”

-Definition of discovery and development

—~Establishment of convergence programs
Projects of Interest:
1. Integrative High-throughput Cell-Based Target Assessment Core
2. Cell-based high contents screeningS ©]-83}o DNA &S
2 ANFoRA FFALE FANE FGED G4 L A
o] 717 9+ and application of nanostructured substrates as
an efficient platform for cell growth
3. A GEHH-FA 53 FekAl FAE T
4. Functions of alternative splice variant genes on

tumorigenesis and regulation
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Strategic Inflection Point: Discovery and Development-Drug, Device and Diagnostic.
Project Mission and Vision: 1)Strategic planning of “Personalized Medicine”- hypothesize
tumor molecular analysis and use of targeted therapy to counteract the effects of specific
aberrations to improve the outcomes of affected patients. 2)Maximize value creation
through collaboration- lead the effort to coordinate all the stages of developing and testing
new anti-cancer drugs. 3)Cancer convergence- inter-connecting programs to offer integrative
opportunity for innovative research. 4)Strategic inflection point: Translational research to ¢ Fod+4 v
drug development- patients benefit through new treatments, personalized medicine research Azl shalo °
and support overall research mission of institution. FFAE 24D
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Project Summary

Focus on “discovery and development” phases of
Title of Project . .
anti—cancer drug development processing

Key Words
processing, translational research

discovery and development-drug, device and diagnostic,
personalized medicine, drug discovery development

Project Leader

Associated Company |National Cancer Center

Project Planning:
I. Personalized Medicine of the future and NCC Roadmap for 2013

regional specific diseases.

Il. Investigator initiated drug discovery development processing.
Preclinical drug development proposal: development of a new compound
1. Major analytical system- establishment of a suitable analytical assay that will
determination of drug and drug metabolite concentration in biological matrices

Taking Steps: Specific steps should be taken to ensure that cancer death decrease more rapidly, the
ranks of survivors swell and an even greater number of cancers are prevented in the first place. In
addition to new surgical methods, novel drugs and innovative treatments should be devoted to

permit

2.  Pharmacokinetics system- to determine relative oral bioavailability in animals prior to a
proposed clinical trial of a compound to be administered by this route. This basically defines
the relationship between dosing and achieved plasma drug concentration.

3.  Animal research system- animal research component of a preclinical drug development
program  should support early drug efficacy and dose range finding studies,
pharmacokinetic/dynamic studies, and preclinical toxicology. The facility and practices must be
compliant with Good Laboratory Practices in order to meet FDA guidelines for Investigational
New Drug applications.

4. Imaging system- focused on the development of in vivo imaging agents targeted to cancer
for early detection and monitoring.

5. Biomarker implementation system- purpose of the system is to implement known makers into

lll. Creating a convergences within anti-cancer drug development program

Knowledge about protein coding genes, noncoding-RNAs, single-nucleotide polymorphisms and their
behavior in the human organisms has been achieved by analysis of data generated by array-based and
DNA sequencing technologies, it is rapidly growing and improving in the understanding of the biology
of cancer. The new innovative technologies and tools have been developed to predict disease
recurrence and progression, response to treatment, as well as new insights into a various form of the
anti-cancer drug development programs. But challenges are still being placed within the technical
usage and processing.

IV. Translational research to drug development processing-
Fast progress in technology and cancer genome biology strongly interacts and adds strong factors for
transformation in oncology diagnosis and clinical trial development (design and treatment).

clinical trials. Discovery of markers would require a different design, such as DNA copy]
number detection with FISH, mutation detection using a SNP based approach, sequencing for
confirmation and genes without hot spot mutations and immunohistochemistry.
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“Views of the Cancer”

(NCC)
Discovery: Molecular Imaging Biomarker: Cancer Imaging
¢ Human imaging —diagnostic * invitro - physiological,
¢ Pre-clinical (animal) imaging cellular or molecular
processes in living tissues in
real time.

* invivo - elucidate how
targets integrate into the
complex system s of tumor
biology and allows
noninvasive treatment
monitoring.

Strategy: 1. 2013 Emerging Technology- Biomolecular imaging
2. NCC will high impact facility to identify........
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High-throughput
genome-wide
target screening

Cell-based target
validation

] Therapeutics

| lesTCandidates | identicaton

Integrative High-throughput Cell-Based Target Assessment Core2| Components

More Tx Candidates

s R

Candidate
Gene List

Cell Cycle Cell Physiology Cell Physiology
Assessment by Assessment by Assessment by
Flow Cytometry In-cell Imaging Microscopy
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High-throughput siRNA screening system
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C. Automated microscopy for high-throughput target screening
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a Q
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FRAP | FRET FCS ii) Long Term live cell imaging system (IncuCyte)
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i) High-throughput liquid handler

a9 4. %315 liquid handler system®] o - Tecan HID EVOlution

ii) siRNA library: pan-genome or cancer-related gene oriented siRNA library Az 17
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D. Florescence activated cell sorter for cell cycle analysis
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1. Bio-Vision 2016 #l2x} AT 7| A 2uhAl AE (12-16), W H3H7]EH 2012,
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Cell-based high contents screeningS ©]-83Fc] DNA &=/30HeS Aoz A FLAELE A

2. Berretina J. et al. The Cancer Cell Line Encyclopedia enables predictive modelling of

anticancer drug sensitivity. Nature 483: 603-607. 28 March 2012

3. Broad-Novartis Cancer Cell Line Encyclopedia (http://www.broadinstitute.org/ccle/home)

4. Echeverri CJ & Perrimon N. High-throughput RNAi screening in cultured cells: a user’s guide.

Nature Review Genetics 7: 373-384. May 2006

5. Conrad C & Gerlich DW. Automated microscopy for high-content RNAi screening. J. Cell Biol.

D

188: 453-461. 22 February 2010.
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Cell-based high contents screening®] #&A4 % AW

71E0] okE 23Ed WA AdHelA BH duAe] B34S FA4se WA R o]Fol.
o] Wo] AN&3ta FAFL in vitrool A U AupEo] AR ZHA £ Ju AAHom o
B2 &= Ao AExFEAAeIY AE 54 fds FAFES 9t B ol FE &~
AEdel 9xe Basty] fiste] vt AEU dujdEe] FESt A AR KA $HA
A 238 ds &A= cell-based assay WS FH: Ao F0o HEgow Aa g 1
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HF21Ql (Table 1. Steven A. Haney (2006) High-contents screening moves to the front of the

line. Drug Dicov. Today 11(19-20), 839-894).

TABLE 1

Ac ison of high-thr screening tec

Technology Target specific? Pathway specific? Integrated counterscreen? Limitations

HCS Yes - specific hits can Yes - transcription factors Yes- toxic effects can Data intensive
be identified if the assay uses and other proteins that be identified directly Specific reagents may
a substrate of the target respond to the activation and additional pathways not be available or
used as the assay endpoint of a pathway can be used or targets can be robust enough for

as assay endpoints multiplexed screening
Cell-based No - transcriptional Yes Yes - secondary Promoters are often

(transcriptional)
reporter assays

reporters respond to
compounds thjat affect

reporters can be
developed into a

activated by multiple
pathways (even for a

any step in the pathway cell line single transcription factor);
Spurious activation
(such as from chromatin
structure) can occur
Binding assays Yes - the target is Ne No Gross toxicity, cell

(in vitro assays
including fluorescence
polarization and
scintillation proximity
assays)

screened directly

permeability and other
biological liabilities are not
assessed directly

High Contents Screening 7} 3-8 % & Fofs AlEALE, BHEA olF, AXE AT, AEE
, A gE, gl SAer G4 g4 24, FEA WYE Y
0% °]% F7td A& o= As. (Comley, J.
(2005) High content screening. Drug Discov World 6(30), 31-53). W
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High Contents Screening®] $&AM#E ud 5

Ao} 71 A e ols)E 7]¥ro 2 High Contents Screenings ©]&3dto]
of met oFE ~AYYL THAA AAES IS

Drug Disco. Today (2006) 11: 889-894
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Hg& FEF ol2d DNA &4 i AlEd v 7] Frow AL Jo] = 29 3 FadA EA0] 9 DNA BT /A5 24,
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Cell-based assay research STRATEGY
&AEl DNA E231& genomic
. : = ola3t - S I A gy AE 7)u
= = stability ©X| 9 AZo| ax ngh contents screening 7171 = 183 FA-BRCA &A-4dd #AldA ‘I‘%L— il» ]
cell cell Oloz MA MEOAL AAE high contents screenings ©]-&3t9] DNA <$£A4bo 981 FA-BRCA 7]Ho] &A3x A
DNA breakage DA preskage DNAZ OE;; ", 7|X1; ang FANCD2 7} ubiquitination i1 <=24€ DNA #2 o3t focig F4sE A& marker®
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x response genes9| B 0|
mutation)7} &AL 1 Qomn, ]
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OF A IO A K‘l)\l-x'|0|_| DNA 2 g
Cell survival Cell death SHZAM - BYH &> g "
damage response 7| RfHj (i .
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DNA &7 wbg AsAe w5 Ao 7d) &7 Aot HEYHL DNA 24 B & CTRL MMC 5FU ETO Dox CPT Bleo
Bt 71™0| s E. BYMEES
. Caa o . .
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A ZYMEIFE MENO2 AIYAZICHS 7} E9D, YAAHNME s a7t e - DNA &4 w8 A 7o Faet d AAR Fok 235 SIS ZdE 79 &
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Fong et al NEJM 2009 361:123)
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Nanostructured substrates as an efficient platform for cell growth
Numerous cellular processes including survival, proliferation, differentiation and migration are

initially manipulated by the formation of cell adhesions to underlying substrate (i.e., extracellular

2013/02/18 14:35 C-8182

matrix (ECM)) by mediating cell-cell and cell-ECM substrate that subsequently trigger a series of
biochemical signaling pathways. As the engineered nanostructures mimic the nano-architecture of the
natural ECM, the interests in cell - substrate interactions have been stimulated and the attempts to
engineer the surface adapted into traditional cell biological work have been made. Significant efforts
have been devoted for the farication of nanostructured materials due to their unique properties
including nanosize, high surface area-to-volume ratio, high porosity, and tunable physicochemical
properties. Such nanostructured materials analogus to the components of ECM actively regulate
cellular responses by creating artificial microenvironments which resemble the micro/nano-structure
and chemical composition in the body.

Key aspects and needs for conductive nanostructure-based cell capture/release platform: 1) the
separation and capture of cancer cells from various tumor tissues such as surgical tumor tissues and
ascites and circulating tumor cells in blood to enable culture of primary tumors. 2) the isolation of
gastric/breast cancer stem cells and 3) the purified cancer cells can be used for molecular biology

analysis and for cancer immunotherapy.




Designing 3D conductive nanostructure to develop cell capture/release platform strategy:

Experimental set-up to produce AAO template
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Highly efficient capture of cancer cells

i) Enhanced local topographic interactions with nanoscale cellular surfaces
ii) Better orientation, adhesion and proliferation with increasing “roughness”
iiiy A high-density of nanoparticles for a large amount of antibody conjugation

Topographic interactions

L 4t Gete -2 53 F4A ERF 7l A2

Aptamers are single stranded folded oligonucleotides that bind to molecular (protein) targets with
high affinity and specificity.

Apto- “to fit” and mer- “smallest unit of repeating structure”

Aptamer structure is unique tertiary structures allow aptamers to fold into stable scaffolds for
carrying out molecular recognition with van der Waals, hydrogen bonding, and electrostatic
interactions drive high affinity target binding. Designed to block protein-protein interactions
and share properties of both small molecules and biologics.

Advantages of aptamer:

Aptamers specifically bind a target of interest (Kp = pM ~ nM)

e Aptamers are produced by chemically process (in vitro)

o Non-immunogenic

e Smaller size allows more efficient entry into biological compartments (typically 10 ~ 20 kDa for
aptamers vs. 150 kDa for antibodies)

® Able to select for and against specific targets and to select against cell-surface targets, ions, small
molecules, etc.

e Conjugation chemistries for the attachment of dyes or functional groups and can be readily
introduced during synthesis.
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i ternative splice” INSEMT _ — o
andelate dieonaiive spkec” L1573 3 9t} (Denoued et al, 2007 Genome Res. 17: 746—759). ©]& stomach®] 29 T2 =%
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reist : ormone signalling
Al &9 T}, Breast Androgen receplor Transeription Factor
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Breast Syk Metastasis
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FGFR1 PTB
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Query: “altemative splicing” and “cancer” 500 most recent publications (lime frme 2004-2006)
1. Hits sorted by candidate genes Reports 2. Hits sorted by discasesfcancer type Reports
Total S00 Total 500
2 27 Breast cancer &7
20 Prostate cancer 26
17 Melanoma, melanoeytes 23
17 Myeloid lewke 2
Cyelin D1 polymorphism 15 Thyroid neoplasms 17
VEGF, vascular-endothelial growth factor ({1} Ovarian cancer 16
BROAI, breast cancer |, cirly onsel 9 Colorectal canver 14
Telomerase reverse tamseriptase hTERT 8 Lung cancer 12
WL, Wilms" mmor | 7
TCF, Wit pathway 5 Glioma 9
Bel-X p ] 5 Castric cancer 9
Insul eplor 4 Lyvmphoblastic lewkemin 8
GHRH. growith hormone-releasing H 4
Tau protems 4 Multiple myelona h]
BCR-ABL 1, fusion transcript 4 Cancer dingnosis, reatment i
e-My¢, proto-oncogene 4 Germ cell cancer 3
I, Hyposia-inducible factor |, alpha subunit 4 Cervical cancer g
cnascin-C 3 Colon and pancreatic cancer 2
Patched receptors 3 Osteasarcoma mnor 2
KLK3, prostate specific antigen 3
APC. adenomitosis polyposis coli 3
PRLR. Prolactin recepror i
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Figure 2| Fas-mediated signalling regulates the alternative sphicing of ranscripts that encode apoptotic regulators
¥ 10. Alternative splicing®ll €3 pro—apoptotic form¥} anti—apoptotic form 2] A&,
(Shin and Manley, 2004 Nat. Rev. Mol. Cell Biol. 5: 727—738)
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2pA g ekal B arE ol vl (Beroud et al 2005 Hum. Mut. 26:184—191).
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7:325)E.a5 <] 3= AdEjolth

w2} AA7FA] whole genome exons WS 2 alternative splice variantE profilings}
= AFE ol xyidAlE & 4 glr

=

. Cancerdll 4] alternative splicing 9179 F2A

Srell Al AFg npe} o] AbgolA HA FHAARE F 38-59%°] FHAECNA alternative
splicingS WERW, cancerol 4l somatic mutation® splice siteo] o3 H]&-& 15%¢]
@3l &, carcinogenesisol= FHAb wde] @A Apolyk oyl fxzte] WHolo| =
HE e 8ol Adgol WA k. wEbA HTAHA LHEGFY zpo|uks AEE
microarray 7] ¥t -FZHE-E splice variant?] ¥&E tumorl} stromal celloﬂ
T2 AR A, exonTEolA AR AfolE ol Al Hof wig- :
53 =™, cancer9} A¥E alternative splice variant®] AJE82 7]F Eﬂfﬂ' ols| 7t &
WE Aol o]FHA dojW AHEL cancer?t AAWE cell division regulation, apoptosis,
metastasis, signal transduction % Z} Folo| AHAu@ g nx et Atg®th EE 93
2 alternative splice variant®] AXEL Z} cancer typed} stage @ cancer metastasis®
At 2 o FA-4S £3F uniquedt biomarker?] 7Ny} ¢ vlo}rbA = therapeutice]
o ZA7F 2 AYe] Asiriar & = Ark

ol¢} & 719 targeted therapyolX YWEFGHE cancer—drug resistance®] ¥<0S 4]
o An, g A9 drugel #EIFAY 5 Fad Aoz AZHHd FAAY
alternative splcingoll 9|3k Zl1Qlo] ¥ Kt} welr] BA XS4 28 WA= oAle] X &
a2BE Eol7l HdAME #idde gAY #E #E pathwaydl A FHAE9
alternative splicngol]l ¥3 a7} . Q3l},

¥.3. 2HYAAR

)
2

2013/02/18 14:35 C-8182

#AY §H1259 alternative splicing

Tissue/Cell

Resistant Treatment

Genes w/ AS

Small cell lung cancer
Pancreatic cancer
Colon cancer/HT-29
Endometrial cancer cell
B-cell

Ovarian cancer

Breast cancer

CML

AML

Gastric cancer cell line
(SGC7901)

Etoposide
Gemcitabine
Stauroporine
Tamoxifen
Rituximab
Cisplatin

5-FU/Epirubicin/Cyclophos
-phamide
Docetaxel/Epirubicin
Imatinib

Daunorubicin cAMP
Vincristine, Adriamycin

TAp73alpha
Tenascin-C, Annexin-A2
CD133

ERalpha26

delta CD20

ERCC1

ErbB-4/HER4
Survivin2-alpha

Survivin delta
BCR-ABL
LEDGF/p75
MAD2beta

webd B e ous e 5

splice variantE ©A3Fal 21 7]%

Cancer
Normal

=
=]
<

e

< &3 tumorigenicitydll #HHAE FAAES] alternative

Wt A7E Faw,

Exon Arrays:

-Candidate AS variation screening

—> Validation

(& : .
» Function analyses of AS variants
~ Over-expression [repression (RNA) at cell level

+ Gene-ontology analysis (BP CC)

~ CCfor prioritizing of bi

\_ — BP for system bialogy of cancer re}aied Srgnalmg network

4

(
» Biomarker development

» Finding therapeutic targets
&

~ PCR primers and/or antibodies for cancer specific variation ‘“'E‘““_“

~ Carrect aberrant splicing products by biclogical / c?ﬂwealmamﬁﬁs

1 Technical Note GeneChip® Exon Array Design Part No. 702026 Rev. 1, Affymetrix, INC.

2. Pajares M. et af (2007) Lancet Oncol. 8:349-357
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B. AT+ GPNMB FULL LENGTH GPNMB EXON? Skip
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Affymetrix human exon arrays ©]&3 APARZHE HAAE F 3477 geneoll Tt 432
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i . ; 1
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= s [+ 1 |
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H i H i = 28 14 Full length® GPNMB$} exon 9 ©] skip¥ ¥ A<$-9 protein domain % 3}0] 1
B i =
GPNMBEXON1 =] Alternative spliced exon 7 in patients
-—— e : -
—_— - GPNME FL W 1050
GoNMB Pt vanent " o
— GPNMB-COSISCAZ ¢ - A AERE ¢ Saim o E - 1027
GPNMBEXON3 — GPNMB-CDSISCAF2 GHAN ETARTETANN ETRYTATGET oo
— —-— - ——— L ——— m"’-&ﬂﬂ!:i
= Connarvaton
GPNMB EXONS5 GENMB FL G 120
GENME FL_wariant 9 fo T :::
=t < aPNMBCDSISCAF2 ERGCARETSH G G B 120
Meowmero - Corseriis TGAAAGAGCG GAGGAGCTGE TGGTGAGAAG GCGCTGGAGC TGAGTAGGAT TGGTGATGAA AAGTGTCAGA
comamater. e et (L] TTEITTUT] (OTERETTET TTUOTITINT (ITTTITTT (T
- e
GPNMBEXON9 Alternative spliced exon 11 in patients
. i
- GPNMB FL G - 1508
PN L arant H 1683
GPNMBEXON10 GPNMB-CDSI5CA2 G G GG 1574
GPNMB-COS3SCAFZ jTe2 @ Ga 1509
Cﬁmnwﬁr TCACTGTGAT CTCCCTCTTG GTGTACAAA- AMACACAAGG AATACAACCC AATAGAAAAT
Canserval on
Hau'gu:uﬂ . # * Hansu:m!I A 3 ) 'munfnl ki & i 'zzraallan\ b 3 Hmslﬁl-\ ) " An_sus;n!i
Ly AR
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% 13. Genome browserol* mapping® GPNMB$} splice variantE detectd}”] 918 design
3k primer59 99} GPNMBS] splice variantE validationd}”] €8+ stomach cancer patient
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Alternative spliced exon 5/7 in cell lines

GPNME FL

Exon5
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Exon 7 = (NI IO OO OO
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w008 2 1 ol
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GPNMB-exon7 (-) 36 bp confirm in cancer cell lines
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e S wm I e e —
GPNMB FL_variant GEMMBECEEN BHARESEEEA cANETTHAAN ANSNAREEET r@rTTEG--- ---------- ---------- 1027

G FL FERNNBIRN WCCRERTCR o ooy THET
GPNMB FL_variant = - ---coeee =oo ge GGHGH G G T

GPNMB-V36-1

200 bp L] 36bp intact {204bp)

36bp skip (168Bp)

100 bp

% 15. Patient sample¥} (A) stomach cancer cell lineolA (B) #<l¥ splicie variant9]
sequencing Z23E wild type¥} H|:L3}le] alignmentd A3} cell lineollAd ¥& % 36 bp
missingS TF2 cancer cell lineol Al Y3t splice site variation®] & A 913 A3} R
9] cancer cell lineoll Al 36 bp missing®] 7% ¢t}
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% 17. FLJ223749] alternative splicing®] ]38 full-lengthZ%-E] splice variantol] A 2]
domain®] ¥ 3},

the o a9 207 o] FLI223740014 exondll Eo]4 <l siRNAES 01%8}0% FLJ22374¢) H‘t:ﬂ_%
AA St 2 A FLI223747F AGS $1¢F AEFolA ojw3t A& 758 X AR

*Knock-down of FLI22374 Expression by siRNA

exons axans Exont6-17

I T O B | I
= = i“lu inim i
EBpmey FU22374 5 FU22374 8

22379 6

Hs_FLI22374.5 503148131 ATACGGCATA

1341>1361
Hs_FLIZI374_6 5108171223 CAGLCCGCACCTGTCAGGAAA

1063>1083
Hs_FLI22374_7 504324054

10291049
Hs_FLI22374_8 104333014 CTGACCATTGACACCACCCAA

218952163

GeneSolution siRNA (Qiagen. Cat. No. 1027416}

%9 18. FLJ223749] &&S knock—downdl”] $18Fe] AF&3F siRNAQ| fAAA; B3,

9ol mol 37b%] siRNAS AGSO] A al8ti 47k v 244 zbnbeh w23 Ax} ofg) 12219}
ol AIER LS Aslste Aol el sIRNA—89l| 93t AEZEDo] FhAste A4S 1

£,
3 403} o] MTT assayel o3 SHelshgizdl, #2o] A%H 4U5 siRNA-8o] ©]3te] cell

proliferation®] A& o2 AHHS & = 9

NC SIRNAS SiRNA7 siRNA 8

24 Hrs

48 Hrs

72Hrs

96 Hrs

celisfwell

a9 19. (A) AlI7FA FLJ2237450] % siRNAO

E
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AGS cell proliferation assay

(FLI22374 SiRNA transfection)

Absorbance 540 nm

——nNC
—B- FLISIRNAS
—i— FLISIRNAS

24hr aghr 72hr

9] 3} cell proliferationoll 3k <
24N 7F tAo R Hu| Al Al B#3e AI Negative control siRNAo H]

siRNAE
M FE
n X 9IS MTT assay s E3le] A3 A3

S 96417 Bt

aske] FLJ223742)
& cell proliferations ZrAA7]= A4S & F 3lon 53] siRNA-82 A48 7tas
2 & 9t} (B) FLJ22374 siRNA—5, siRNA—8 2] Al AGS cell line9] proliferation®l
T

ol#3t A5 o R siRNA-82 S USHA AGS cell linedl A2 A] cell cycled] W3S #23)
At 1 A3} NCe ®laldle] siRNA—89 o] FLJ22374¢] W& o] suppress® o cell deathS
olmslE= sub GO/G1 populatione] Z7}do] 2 Q).

2% 20. FLJ22374 siRNA—8<S AGS cell lineol A 2]A] LelU= cell cycle?

SIRNA#8 24hr

W3S flow
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Data Processing
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29 22, FHFAA] wild—typed} alternative splice formAbe]9] AZF 2F&&l= vl d S FA 3}
7] 918 LC/MS-MSHH ] A& E4e sk w2 kx,

P=0.12
— P=0.0018 N e B
o s = ol#@il EAE @ulge = 278%0] @il WT, AS1, AS2 Z17te] sigals wude] grES
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