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A better pre-clinical testing system is needed

Challenges:

~95% new anti-cancer
drugs fail in clinical

Phase Il testing after pre-clinical
success

Phase |

Phase IlI >50% fail late due to
lack of efficacy
Registration

Approval

Success rate by stages of clinical testing
for oncology compounds.

Modified from Sharpness & DePinho,
Nat. Rev. Drug Discovery, 2006

Cell lines are highly different from human cancers (l)

A Reductionist View:
PC3in Culture

Human Primary Prostate Cancer
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Cell lines are highly different from human cancers (I1)

Cell lines are highly
selected homogeneous
cells, while real cancers
contain a complex organ
system with heterogeneous
cancer cells and tumor
stroma.

Can patient derived cancer tissue xenografts be a better solution?

Patient-Derived Cancer Tissue Xenografting

Historically, in the case of prostate
cancer, cancer tissue xenografting has
been extremely inefficient.

Wang et al. Prostate, 2005
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Tissue core usage for xenografting
experiments

‘-—> Histopathology

Before grafting

A

Subcut. Orthotopical ~ Sub-renal
Grafting Grafting Grafting

Sub-Renal Capsule Xenografting

>95% survival
and take rate for
a variety of
patients’ tumor
tissue from
different stages

Lieu et al, J Urol, 2004

Wang et al, Prostate, 2005

Lee et al, Gyn Onco, 2005

Wang et al, Lab. Investigation, 2005
Cutz et al., Clin. Cancer Res. 2006
Press et al, Gyn Onco, 2008

Lin et al, Cancer Res, 2008
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PIN grown in T-
supplemented
male SCID
hosts

Human Prostate Cancer Tissue

Donor Tissue

In SCID Mice
Grafts in Grafts in
Castrated Mouse SCID Mouse + T

(androgen ablation)
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Human Prostate Cancer Tissue
In SCID Mice treated with Doxetaxol

Control Docetaxol

The control grafts appear similar to the tissue cogs from which they were derived while
the docetaxol -treated sample shows marked degendike changes with epithelial
thinning due to loss of epithelial cells and lossf apical cytoplasm.

Implications

So far, any cancerous tissue tested
(e.g. lung, breast, ovarian,skin, kidney
pancreatic cancers etc.) can be
maintained and manipulated using this
In vivo model system.
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Colon tissue
Before grafting After grafting

Benign Lung tissue (AB66) After grafting

Low power High power

Grafted benign tissue is viable and retains characteristics
of the donor tissue (e.g. histology)
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Moderately Differentiated Adenocarcinoma of the Lung
Before grafting After grafting

Grafted lung
cancer tissue

1. Viable

2. Similar to the
donor tissue e.g.

Histopathology &
IHC

No Change in Genotype in Grafted Lung Cancer Tissue

Whole genome BAC CGH
micro-array analysis
(done by Dr. Wan Lam’s
laboratory) involving
32,433 unique and
mapped data points to
compare genomic profiles
of tumor tissues before
and after grafting.




Before grafting

After grafting

Borderline mucinous
cystadenoma

Granulosa cell tumor

Serous borderline

tumor
Lee et al., Gyn. Onco. 2005

Before grafting

After grafting

Lee et al., Gyn. Onco.
2005
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Can transplantable tumor lines
maintain the major characteristics of
primary tumor ?

Before grafting Tumor lines

High grade serous
carcinoma

Clear cell carcinoma,
grade 3/3

Grade 1 endometrioid
carcinoma with sqamous
differentiation
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Patient-Derived Cancer Tissue Sub-Renal Capsule

Xenograft (RCX) System

Properties of patient-derived cancer tissue xenografts:

1.

B

highly similar to the donor tissue with regard to:
histopathology and genotype

>95% survival and take rate for a variety of tumors
from different stages

retains original tumor micro-environment

. retains growth properties of the donor tissue, e.g.

tissue invasiveness and metastasis

. the responses to therapeutic treatments of patient-

derived cancer tissues in mice are very similar to what
we observe in patients

3/25/2009
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Application
Application

Application

Our patient-derived cancer tissue tumor lines

Stock

1. Paraffin & OCT =~ «— |

2. Snap Frozen
3. DMSO

Patient tumors

l

Xenografts

l

Transplantable lines
(220 lines)

3/25/2009
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Lab name

ABL75

AB199

AB205
AB224

AB234

AB237

AB246

AB247

AB257

AB258

AB259

AB260

AB267

AB269

AB273

AB276

AB284

AB289

AB290

AB295

AB297

AB300
AB305

VOA

VOA161

VOA283

VOA295

VOA334

VOA369
VOA399

VOA439

VOA446

VOA4T9

VOA480

VOA492

VOA493

VOA499

VOAS36

VOAS39

VOA620

VOAG50

VOA667

VOAT10

VOAT11

VOAT29

VOAT59

VOA782
VOAB00

diagnosis
Grade 3 transitional
underfferentiated cancer
High grade sarcoma from ute
High grade serous carcino
High grade 3/3 undifferentiated
and serous carcinoma

Clear cell carcinoma, grade 3/3
Grade 1 endometrioid carcinor
with sqamous differentiation
High grade 3/3 papillary serous
adenocarcinoma
Leiomyosarcom

Grade (2/3) ovarian mucinol
carcinoma

High grade serous carcinoma
Poorly differentiated carcinoma,
60% serous carcinoma, 40% clear
cell carcinoma

High grade serous carcino
Gastrointestinal stromal tumor
colon

High grade serou
adenocarcinoma (3/3)

High grade serou
adenocarcinoma (3/3)
undifferentiated carcinoma of
ovary

extensive high grade papilla
serous adenocarcinoma 3/3
high grade (3/3) mixed papillary
serous adenocarcinoma and clear
cell carcinoma

high grade serous carcinoma of
the ovary

high grade ovarian serous
carconoma

ovarian mictopapillary serous
borderiine tumor

colonic origin poorly differentiated
adenocarcinoma

high grade papillary serous
carcinoma of the endometrium
moderately defferentiated serous
ovarian carcinoma

papillary serous carcinoma, grade

33

moderately differentiated endoetrioid
adenocarcinoma
Clear cell carcinoma

Anti-Tumor Activities of Carboplatin and
Paclitaxol in Ovarian Cancer Tumor Lines

AB234 (VOA 439)

AB297B2 (VOA 759)
AB175 (VOA 295)
AB106 (VOA 161)
AB247 (VOA 480)
AB237 (VOA 446)
AB165 (VOA 283)
AB259 (VOA 496)

AB258 (VOA 493)

Tumor lines

AB199 (VOA 334)
AB246 (VOA 479)
AB260 (VOA 499)
AB269 (VOA 539)
AB297B1 (VOA 759)

AB290 (VOA 711)
T

-150 -100 -50 0 50 100 150

T/C ratio (%)

Clear cell carcinoma (AB175)

Leiomyosarcoma (AB224)

Mucinous carcinoma (AB234)

Papilary serous
adenocarcinoma (AB165)

Borderline tumor (AB284)

Endometrioid carcinoma
(AB199)

3/25/2009
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To select suitable and correct models ?

Discovery & Applications

o Er—— ()

E—
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Lung Cancer
{ovaran Cancr A€
Prostate Cancer

Skin Cancer

Lymphoma

Others

currendoubling
Lab name diagnosis genera (day) drug responsemetastasis genetic muta

Grade 3 transition: local invasion (
AB106 underfferentiated ¢ 6 (frozen) 9.7 CBDCA+TMEOL BRCAL epigene

AB157 High grade sarcomasffesrentans ND local invasion (all), no met
AB162 High grade serous cafieiaen)14.7 ND  no local invasion

High grade 3/3 unc local invasion (

AB165 SErous carcinoma 10(in mice3 CBDCA+TREOL BRCA1 germlir(
periotoneal spr
local invasion (

AB175 Clear cell carcinomas gragn®3 CcBDCA+TES). lung (2/;
Grade 1 endometr local invasion (
AB199 With sqamous diffe 4 (frozen)11.6 CBDCA+TmEOR/13),

(www.livingtumorcentre.com)

3/25/2009
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LTL-165 Human ovarian cancer tumor tissue line

Year of
establishment

Pathology
Local invasion
Drug sensitivity

Morphology

2004

Ovarian
undifferentiated
carcinoma

Yes

carboplatin 80 mg/kg + paclitaxol 24mg/kg (T/C = 14.64%, response)

Doubling time

Growth pattern

Metastasis in host No

Figure. 1. Established

human ovarian cancer tumor

line LTL-165 grown under
the renal capsule of SCID
mice. The tumor line is
composed of

undifferentiated cells grown

in solid sheets, closely

resembling the donor tumor

tissue. (x400)

Figure. 2. Original donor
ovarian tumor tissue

before transplantation into
mice. Majority of the tumor

is composed of
undifferentiated cells with
diffuse solid pattern.
(x400)

23 days (sub-renal)

Out-growing

Discovery & Applications

+~
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Models

Lung Cancer
Ovarian Cancer
Prostate Cancer
Pancreatic Cancer
Skin Cancer
Lymphoma

[

Transplantable prostate tumor lines

Name Doubling | Androgen Docetaxel Metastatic/
Time (days) Sensitivity Sensitivity  |Non-metastat|c
PCal 3.5 Suppressed NR Met o
PCa2 4 Insensitive - Non-Met
PCa3 3 Stimulated PR Non-Met
AB220 M 4 Insensitive R Met
AB220N 4.5 Insensitive - Non-Met
AB221 6 Insensitive - Met
AB163 4 Insensitive R Met
AB270 A5 - -
AB203 3.3 Insensitive PR -

(www.livingtumorcentre.com)
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PCa 1-met
Metastases

/ Lung
\' Liver

Bone

For Anti-Cancer Drug Development:

An example

3/25/2009
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4 experimental groups
5 mice/ group

4 grafts/ mouse
3X2X1 mm3/ graft

Control Sutent CBDCA+TAXOL CBDCA+TAXOL

+Sutent

For Anti-Cancer Drug Development: Multiple Models Are Needed
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For discovery of molecular signatures

Metastatic Prostate Cancer

1. No reliable molecular signatures capable
of detecting early signs of metastatic activity
in localized tumors.

2. No effective treatment for this stage of the
disease

3/25/2009
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Primary PCa

Metastatic PCa

New experimental approaches

To cut patients’ PCa tissue into
multiple 3X2X1 mm3 pieces

v ¥ v v
A A A A To graft tissue pieces into mice
Line 1 Line 2 Line 3 Line 4 To establish multiple transplantable

tumor sublines

To test metastatic ability of transplantable tumor
lines by orthotopic grafting

7N

Metastatic subline(s) Non-metastatic subline(s)

3/25/2009
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Development of metastatic and non-metastatic linedm a patient’s primary PCa

Met line (PCal)

&
N

Non-met line (PCa2)

AN

ASAP1(DDEF1, AMAP1)

Seven-fold difference in SAGE

ASAP1 (ARF-GAP containing B3, ANK repeats, and R domain) is a phospholipid-
dependent ARF-GTPase-activating protein.

It binds and regulates activities of ADP-ribosylationtfars 1 and 5 (ARF1 and ARF5 ),
which are involved in the regulation of membrane traffigkiand rearrangement of actin
cytoskeleton.

It also binds tyrosine kinase Src, focal adhesion kinage{Fand phosphatidylinositol-4,5-
bisphosphate (PIP2) and is involved in the regulation dfroajration.

No report in prostate cancer (before)

Gain of 8q chromosome is one of the most common chromosorehtbns in advanced prostate
cancer.

ASAPIis located at 8q24.1-g24.2

Lin et al, Cancer Research, 2008

3/25/2009
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Increased ASAP1 expression in prostate cancer tisssi

Benign

Primary PCa

Metastatic PCa

Gain and/or amplification cASAP1in human primary prostate cancer

ASAPIlgene (red) chromosome 8 (green)

/

A low polysomic A high polysomic

. . A . ASAPIlgene amplification
copy gain (3-4 copies). copy gain (>= 5 copies).
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siRNA-induced knockdown of ASAP1 in PC3 and suppression of migtion
and matrigel invasion of PC-3 cells

Suppression of metastasis of PC3M-LN4 cells in vivo via transient
ASAP1 gene knockdown

Control siRNA-Knock-Down-ASAP1

!

Metastasis No-Metastasis

22



Patient derived cancer tissue xenograf
may faclilitate translation

Discovery Preclinical Translational Clinical
Research Development Research Development

More predictive models:
Patient derived cancer tissue xenografts

How to improve the predictive value of Pre-
clinical drug evaluation!!!

— Patient-derived cancer tissue xenograft models, and their
transplantable tumor lines are more representative, therefore
they should be commonly used.

— Tumor line is still tumor line. Each tumor line may still
represent a corner of human cancer. In another word, the
transplantable tumor tissue lines may still not fully encompass
the heterogeneity of the original cancers.

— It is therefore proposed to use a panel of five to six tumor
tissue lines for any given drug that need to be tested, with the
expectation that the experimental model will more adequately

represent human cancer

3/25/2009
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Thanks

Lab Members Collaborators /

Dong, Cindy. MD °
Gout, Peter W. PhD i
Guan, Jun. MD .
Kagami, Takashi. Ph.D .
Lin, Stephen. MD .

Low, Chris. BSc
Nakamura, Hisae. MSc
Sutcliffe, Margaret. MD
Wang, Yuwei. MSc
Watahiki, Akira. MD & PhD
Xue, Hui MD & PhD °
Zhang, Fang. PhD i

Cunha, Jerry PhD (UCSF)

Chen, Wilfred MD (Trinidad)

Gilks, C. Blake. MD (VGH)

Gleave, Martin MD (The Prostate Centre)
Huntsman, David MD (BCCA & VGH)
Lam, Stephen MD (VCC)

Ling, Victor PhD (UBC and BCCA)
Minna, John MD (UT Southwestern MC)
Morris, Jim. MD (BCCA)

So, Alan. MD (The Prostate Centre)
Squire, Jeremy. PhD (OCI)

NCI Canada

Genome Canada

Cancer Research Society
CIHR

OvCaRe

DOD (US Army)

Pfizer Oncology

Prostate Cancer Foundation (CaPCURE, US)
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