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® Introduction: Patient-derived Tumor Xenografts (PDX) Models

® Methods and Results for the Development of PDX

- Qvarian Cancer / Endometrial Cancer / Cervical Cancer

® Limitations

® Summary PDX = AVATAR Mouse
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Need of PDX model

® As animal cancer model, xenografts of established cancer cell lines

—> not accurately mimic the behavior in cancer patients

-> not properly predict the clinical efficacy of anticancer agents.

® PDX models are built by fransplanting original patient’s tumor tissue into

iImmunodeficient mice.

—> can better preserve the morphology & gene expression of patient’s

tumor
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mice Targete
Mouse avatar therapies

gl Use theragies that have

demonstrated efficacy in mice

“Avatars / PDX” : mice or other animals with
human tissue implanted onto them



Cell lines

in vitro

Cell line
xenografts

Patient-derived
xenografts
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American Association for Cancer Research

The promise of patient-derived xenografts, CCR 2012




Establishment and testing of PDX models.
I

Consented patient Surgically removed Engraftment Expansion Treatment phase (F5 ... F,)
with cancer tumour (Fy) phase (F,) phase (F,) |
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Personalized or precision medicine

Tentler J.J. et al. (2012) Nat. Rev. Clin. Oncol.



Pilot study
I

® Implantation site ? Gonadal fat pad Subrenal capsule
Intraperitoneal
Gonadal fat pad
Ovary intrabursa

v Subrenal capsule

® Mouse ?

Vv NOG

v Nude

® Patient samples ?

Ascites

V' Primary tissue
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Development of PDX models for gynecologic cancer

using SU brenal implantation

In immunodeficient mice (athymic nude or NOG mice)

Hospital-centered Personalized Animal Model Development
(Moving Closer to Bedsides)
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NOG (NOD/Shi-scid/IL-2Ry"") mouse: can be the best model as a highly efficient
recipient of human cells to engraft, proliferate and differentiate.




Subrenal Implantation of Patient-derived Tumor




Tissues from Cell Line vs. PDX =2 quite different (1)

Serous AC

Cell line (HeyAS8)




Tissues from Cell Line vs. PDX =2 quite different (2)

Clear cell carcinoma




QC process for developed PDX mice
I

1. Human Mouse Albumin test

Human_Mouse Albumin Test
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2. STR test

STR Genotyping

Locus. ml ov-3 ov-3-s1
D8s1179 8 10,11 10.11
D21511 21q11.2-q21 30,31 30,31
D75820 7q11.21-22 9.10 9.10
CSF1PO 33.3-34 11 11
D351358 3p 15,18 15.18
THOL 11p15.5 7 7
D13$317 13q22-31 11 11
D165539 16q24-qter 10 10
D251338 | 2q35-37.1 26,27 26,27
D195433 | 19q12-131 | 14,142 14,142
WA 12p12-pter 17.18 17.18
TPOX 2p23-2per. 11 11
018551 18q21.3 13 13
. |
D55818 5q21-31 10 10
FGA 4q28 23 23
4. Array CGH
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80%

Tumor Content : 80%
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lonTorrent (AmpliSeq Cancer Panel)

+ 790 hotspots

» 190 amplicons

* 46 genes

Primary ovarian cancer & M1 tissues
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e Sample FGFR3 MLH1 PIK3CA RB1 TP53
Ov10-002T,
ABL1 | CSFIR | FGFR3 KDR NRAS |SMARCB1 Ov10-005T
AKT1 | CTNNB1 | FLT3 KIT | PDGERA | smO OV11.093T 0546R L670p Coa8y
ALK EGFR GNAS KRAS | PIK3CA SRC
APC ERBB2 | HNF1A MET PTEN STK11 Ov11-031T R248Q
ATM ERBB4 | HRAS MLH1 | PTPN11 | TP53 OV-7 C176R
BRAF | FBXW7 IDH1 MPL RB1 VHL
ov-22 |A797_P799del
cDH1 | FGFR1 | JAK2 | NOTCH1 | RET
CDKN2A | FGFR2 JAK3 NPM1 SMAD4 Ov-0
ov-3 V384D V173L




( Array CGH: The Complete Process

Step1  patient rol  Step2
...U o
A “ Steps 1-3 Patient and control DNA are labeled with fluorescent dyes
and applied to the microarray.
_“« Step4  Patient and control DNA compete to attach, or hybridize,
Step3 "w to the microarray.
o«
r r ay y Step5  The microarray scanner measures the fluorescent signals.
\,/ Step6  Computer software analyzes the data and generates a plot
7
StepS Step6
Step4 HYBRIDIZATION .
- | o
=> primary tumor vs. M1
n \ Uen)
i; [ -
COMPUTER DATA PLOT
SOFTWARE (Chromosome 7
Equcl
hybridization dongt loss donqo gain
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Classification o _
human mouse Pathology amplification deletion
Tumor  Ascites

Mixed mucinous & serous AC, G3 19912 (CCNEZ1)
9p21 (CDKN2A)
1812 (NOL4)

13913 (RB1)
14923 (RAD51L1)

Serous AC, G3

Leiomyosarcoma, G3 16g12.1

Serous papillary AC, G2 10923 (PTEN)

Serous AC, G3 18912 (NOL4)

Serous papillary AC

Serous papillary AC

Serous AC




PDX models (Ovarian cancer)

NO.

Op. date

Type

Sample ID

Transplantation (2014.08.14)

Mouse

Mouse

Mouse

Mouse

Mouse
5

2011.08.05

Serous papillary AC, G3

ov-0

2011.11.17

Serous papillary AC, G2

OV-3

2012.02.23

Carcinosarcoma, G3

oVv-22

O

@)

2012.02.15

Serous papillary AC, G3

OoV-20

2011.12.16

Serous AC, G3

ov-7

2012.04.24

Carcinosarcoma, G3

ov-27

2012.01.03

Serous papillary AC, G2

oVv-11

2012.09.03

Serous papillary AC, G3

OoVv-40

O |0 |IN|o|nn|hR|WIN|K

2012.01.19

Serous papillary AC, G2

OVv-15

OO |I0I010010(O]O |w

O[C|I0I010010(0]0 |~

2013.02.05

Serous papillary AC, G3

Oov_52

2012.10.30

Serous AC, G3

OV_46

2012.11.22

Undifferentiated CA

OV-49

2012.12.04

Serous papillary AC, G2

2012.07.05

Recurrent serous AC

OV-50
OVv-35

o100

2012.09.05

Serous papillary AC, G3

ov-41

2012.07.26

Serous papillary AC, G2

OV-36

2012.07.04

Serous papillary AC, G2

Ov-33

2012.10.12

recurrent AC (LN)

ov-43

2013.01.31

Serous papillary AC, G3

OV-55

2012.12.04

Serous papillary AC, G3

Ov-51

O 101010100

2012.10.22

Surface serous AC, G3 (LN)

OV-45-1

Mouse
6

2013.08.13

Clear cell ca

OV-64

O

2012.08.20

Primary peritoneal serous AC

Oov-39

2012.10.22

Surface serous AC, G3

OoV-45

2012.03.25

Serous carcinoma, G3

OV-60

2014.03.26

Clear cell ca

OVv-68

2013.02.04

Clear cell ca

OV-56
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PDX model (Endometrial & Cervix cancer)

Transplantation (2014.08.14)

NO. Opsgi::mg Type Sa;rI\DpIe Mouse | Mouse | Mouse Mouse Mouse Mouse Mouse  Mouse  Mouse
1 2 3 4 5 6 7 8 9

1 | 2011.10.31 Carcinosarcoma EM-0 O O O O O

2 | 2011.12.26 Endometrioid AC, G3 EM-2 O O @) @) O O @) O n
3 | 2012.08.23 Endometrioid AC, G1 EM-4 O O O

4 | 2013.03.21 Endometrioid AC, G1 EM-8 O @) O O

5 2013.10.07 Metastatic serous AC EM-11 O O

1 | 2011.12.19 Invasive SCC CX-4 O O O O O O O n

2 | 2011.12.21 Invasive SCC CX-6 O O O O O O

3 | 2012.04.26 Invasive SCC CX-8 O O O O O O n

4 2012.03.09 Invasive SCC CX-7 O O O

5 2012.11.16 Invasive SCC CX-15 O n

6 2012.11.15 Endocervical AC CX-14 O O O O

7 | 2012.05.11 Invasive SCC CX-10 O O O O O O

8 2012.06.12 Invasive SCC CX-11 O n

9 |2012.11.29 Invasive SCC CX-17 O O O O O

10 | 2012.10.04 Metastatic SCC (LN) CX-13 O O

11 | 2013.07.10 Invasive SCC CX-21 O O O O O

12 | 2013.05.02 Invasive SCC CX-19 O O O O




In vivo tumorigenicity rate
I

1. Total cases 57 26 14
2. Engraftment rates (%) 47.4% (27) 46.2% (12) 42.9% (6)
3. Mean time to M1 5.7(1.9-14.4) 5.5 month 4 month
month
4. Mean no. mouse developed 3/5
Pathology of tumors *2011.11~2014.8
Histopathology of primary tumor / Grade Generation of PDX
1 Serous papillary adenocarcinoma / 3 19
2 Invasive squamous cell carcinoma / - 11
3 Endometrioid adenocarcinoma / 3 4
4 Carcinosarcoma / 3 1
5 Malignant mixed Mullerian tumor / 3 3
6 Undifferentiated carcinoma 1
7 Endocervical adenocarcinoma 1
8 Metastatic adenocarcinoma / 3 1
9 Clear cell carcinoma 3
10 Mixed serous and clear cell adenocarcinoma, endometrium 2

Total

S
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In vivo Tumorigenicity & Clinical Aggressiveness of Parental Tumors
I

= N=63, EOC
= Successful engraftment: 25
= Ongoing: 8

» Failed engraftment: 30, engraftment rate: 25/55 (45.6%)
= Median M1 day: 171 (58-431) days, 5.7 (1.9-14.4) months

Progression-free survival Overall survival
1.0 ‘L‘—‘—‘L L Fa||ed 1.0 M
. ---- Success L
| | - Failed
---- Success

0.4 0.49

0.2 0.2

P=0.015

0.0 0.0
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0o 100 200 300 400 s0.0 60.0 oo 200 40.0 60.0 80.0 100.0 1200




PDX OVCA-03

Serous ca, G 2, Stage |lIC Mouse Model # OV-03
Platinum-resistant group
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(Paclitaxel-carboplatin # 1 - 6) (Docetaxel-carboplaitn #1 — 6)
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Op.  =========> M1 ~-----====> M2 ---------> M3 --—--->
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M1 (X40)




OoVv-3

Human Mouse Albumin Test

Diszociation Curve Dissociation Curve
7.000 B1 T.000 E1
hu-all hu-alk
T r ma-alb
._E 4000 €1 Y ; 5000 €1 J
E e 3 Human ALB CtMouse ALB Ct
Mean Mean
i.000 B 1.000 &1
aﬁ Ton TS0 800 50 @00 eE0 BE0 TO0 TE0 400 ES0 O0O 050 ov_a 23'5 N;[A
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Human DNA Human DNA + Mouse DNA
STR Genotyping
e [ £ = w w = s Chromosome ov-3 oV-3-51
Location
= D&51179 8 10, 11 10, 11
o D21511 21g11.2-q21 30,31 30,31
4000 D75820 7q11.21-22 9, 10 9, 10
200 ” CSF1PO 3q33.3-34 11 11
. N gL ] g D351358 3p 15,18 15,18
THO1 11p15.5 7 7
oV-3 D135317 13q22-31 11 11
=] m '3"""'3’5"-"'; - - - - o - D165539 16q24-qter 10 10
D251338 2q35-37.1 26,27 26,27
B D195433 19q12-13.1 14,1472 14,142
B0 viA 12pl2-pter 17,18 17,18
om TPOX 2p23-2per 11 11
o ‘ ' ” J D18551 12g21.3 13 13
‘ X:p22.1-223Y:
oL LML 8 A i R 2l X P pli.2 X *
D3S818 5q21-31 10 10
OV-3-51 FGA 4q28 23 23

Human Mouse Albumin Test : OK
STR Genotyping : OK (& L&At pairZ2 =H02l)

Pass

Pass



OV-3  Patho: Serous papillary adenocarcinoma
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[ Paclitaxel-carboplatin combination therapy in PDX OVCA Model ]

« Sample: OV-41-M3 (Serous AC, G3), platinum-sensitive case

Drug: Taxol® (6mg/kg) + Neoplatin® (8mg/kg), once a week for 3 weeks

P 2014-06-25

l 2014-06-18
2014-02-05 [ \ 2014-06-11 2014-07-02

28 I W W SN

Making PDX Paclitay Paclitay Paclitaxel +
(n=20, 10/group)

carbop| carbop| carboplatin SECIIITEE

-
1

I P=0.013

Tumor weight (g)
¥ ] w

=
1

[=]
I

Control PTX+ Carboplatin




Platform of Experimental Therapeutics (SMC)

PDX (AVATAR)
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In V|tr0 IN VIVO with cell lines

* Survival

* Proliferation
. Apopt_osis A2780 - Histology
* Invasion - Drug-resistant: HeyA8-MDR, SKOV3-TR,
* Migration
. etc

PDX testing

» Drug-sensitive: HeyA8, SKOV3ip1,  Subrenal implant

» Orthotopic, Heterotopic

« Cancer type
A2780-CP20

* Clear cell ca: RMG1, ES2
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In revision, Int. J. Cancer

Sphingosine Kinase 1 Inhibitor (FTY720) as Novel Target Agent in EOC

Protein expression, Survival, Proliferation, Apoptosis, Invasion, Migration, etc

§ 8 3¢ § A 4 0 B ath h A B "
A B & § 2 3 3 . 15 —_—
a 3 88 33 2% " 0 - L) w. —— !
g8 55 28 F 7§ o M o4 -
| EI A | T z T e 0
- L3 gogbea = 214 £
e e ez g %2 H 5 55 shas
Eiw 2 ® B M 1
P e ————— :° 2 s g Bz N
0 o - g EE 04 2] b
02 3
150 2085 W 4y o1 2 5 10 w i o
S Nogatve conrd Control  FTYI0 Gorrol K inhibitor
Nogatvecomd - -
e c BRI, § 0 g amascn ki 2 Eo w 1. B 5w et s e froir
2 - 2 g iF 2 - -
- — Ea 5. i Emo : g N i H \ e "
iy 2 Y £iw £ = £ T -
| M Sl i ERN
> fw - 0 o = [ - 55 b
3 10 ™ 012 5 10 0125110 2 810 D12 8w ;‘3% g E .
8 - g
) ‘ . %0 ' FTYT20(M) SK inhibitor{uM) g5 : £3 , .
0 0 2 5 - g 2
_ © i3 W00 | o
F) ¥ S8 = Contrl  FTY720 Contr SK inhibito
— A2780-PAR SKOV3ipt § i 11 g ] Ex JE ComoFrvze. Kbt S orksl - SK ihitor
| < H
" gz jr® g2 0 ) c
b gt conirl_ v skt ey 33 & g 3 it - . - :
. , Lt . L/ i S ISP S S
: — ik 0 Z 1m0 = + . £ -
AZTROPAR z — - @ o2 3 g o, 0 & M H fa
.3 _— [ — - . S . im
3t . # EEE [ - B3 i g - 1 € 3 5}
] a 13 sE 3 §%e 32 gin 2iw
it » . g A g8 Sy 1] 2 3
£ g = it g : i LR g
A scovsen s S H . a s é;?ﬂ. qg,. ER L
. H i
, - [] A — B i )
o 2 L] 5 10 & FTY720 {2piM) 8K inhibitor FTY720 (2uM) SK inhibitor
ATROPAR  SKOVI! FTYT20(uM) SK inhibitor{uM) W T

ov-01
ov-02
ov-03
ov-04
ov-05
OV-06
ovo7
ov-08
ov-09

BRE e ————

Tumor wt. (g}
5 ab b hb
TUNEL

FIY720
Boctin s
B Control FTY720
> Control FTY720
" — 4 9 . Control
B D a0
Control FTY720
. . L] 2
3 — H
x D E X400
— - 9
120 —
2
100
2
f - 80
. £, Eog :
20 e g g —
fo 2" w "é 2100
o i i 2
n L P 2% 5
* Control FTY720 £
0. @
Control FTY720 Y

Control FTY720

Control FTY720




C-met inhibitor (SU11274) as Target Agents in OCCC

Protein expression, Survival, Proliferation, Apoptosis, Invasion, Migration, etc
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ltraconazole as anti-angiogenic agent in EOC

Protein expression, Survival, Proliferation, Apoptosis, Invasion, Migration, etc
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PDX (Avatar) Models of Cervical Cancer

HER2 amplification in CX-17 human & PDX tumor (aCGH)

LogRatio

HER2
s ; A B J ﬂ | CX17
" | =R |75 A I - N W I B et B o Mot Tumor Content : 90%
1 3 4 5 [ 7 El Jii] 11 12 14 15 16 |17 15 [19 20 [21]z2 K3 i
' ' - T ' ~ ] N 177 HT W R CX-17-S1
s, o s tan J.j Lohrland b . st BT 7Y L.)Jq) _AJ n-uJ JIH At .u.J‘J JF’WUW iw H& JhJ .
i W W 50 I R ¥ o omea 1 i ﬂ/ 'élg'g;nor Content :
o
1 3 4 5 [ 7 El Jii] 11 12 14 15 16 17 ) 18 119120 2122 3 i
LTt T Y A HER2 ALB | HER2/ALB
Il | I N | . T
! P o | P Sample | Ct mean | Ct mean Py
5 1 Number
) ! ¢ ;l NB‘I”“‘:' 2457 2477 1.00
: o . 00
ks . .. SKBR3 21.36 25.10 1173
b “ ’ o, | = P m = o
§ @ i ## | O = Y fa LT n 18
I - s 3 s Jag "0 e w BT20 25.37 25.76 1.15
- | phA s M 1 | PO, cx-17 | 19.38 22.97 10.56
TLCX17 .l CX-17-81 Cx-17-s1 | 17.62 23.37 47.01

Chromosome 17

Chromosome 17




HERZ2 amplification in CX-17 human & PDX tumor

Patient’s histology PDX’s histology
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Limitation of PDX model

The requirement to use immunosuppressed mice.

Heterotopic = Orthotopic ?

Tumor graft latency (4-6 Mo)
Engraftment rates - 45-50% depending on the tumor type

Cost and labor intensive ?




Summary

PDX models may be SUPErIOF to cell line xenograft because of

maintaining similarities for pathologic and genetic features to the parental
tumors.
Genomic characterization with exome sequencing or NGS

Focus to refractory & recurrent cancer.

PDX models offer a powerful tool for studying tumor biology &

good platform to provide personalized medicine



Thank you for your attention

Translational Research Team of Gynecologic Cancer, SMC
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Pilot Study for the development of PDX (OV CA)
I

Samples

Method

Tumorigenesis

1. Ascites cultured cells (6 cases)

2. Primary ovarian cancer tissues (8 cases)

Intraperitoneal
injection

1 case

Ascites cell (cultured, passage 0)




Tumor development from patients-derived OV CA ascites cells (IP injection)
1st Sacrifice (2010.11.4, 143days) : mouse #1
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Tumor development from patients-derived OV CA ascites cells (IP injection)

2nd Sacrifice (2011.1.25, 224 days) : 2 mice

Mouse#?2
liver, spleen,
pelvis, mesentery

Mouse#3
liver, spleen,
pancreas, omentum

Take 7-8 month




[ PDX Therapy: C-MET Inhibitor in Ovarian CCC ]

= PDX Nol : OV-64-M4
= Cell type : Clear cell carcinoma
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