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ZZA 3} M n3ke] tumor stromal cell, cancer stem cell component, A2} W&l A}

HRAA AUE HEE BT

Jm

Aol Zdslttm HrlEa 9 tumorgraft

welo] AWEn gtk (Duan er al 2012). FYAL Ei 24e] o4 9o e}

/‘_\3_1

nSL’

=2 datzA o] o]A4sh= subcutaneous EEI FFo Aw-glol] o] 4k

orthotopic &2 &3 4 Q= 77 o] e, bz RElle o] Ao

Utk= Aol ot SHAIES} hostobe] #A| (EE2E, A SolA, FHAELe
B ARG sol AAl Ao AdHete W AolE Hlv= Wil tKChung et al.
2009). ol#fgt ZAHS dsty] flste] tiFEe] ATelMe FEEds o83
EGFP (enhanced Green Fluorescent Protein)7} QP4 o2 W& o] ¥ x5 k= viral
vectorg ©]&3% EGFP transfections AR&3h=d], SHEFS 5ol HwH

Fdsh e oF x2S AFELE Y transfected cell®] selection #A4o] T g

o)

= 5 B2 Aol cgdds SAC] ok =Wel A A AR el 3@

ot
rir

xenograft A== Hela AXF (Hela cell line)E& v}9-29o] $U3ste] PEG/PLLA
copolymer system= AF&3F 3FobA] paclitaxel®] &= Hr71ek AF¢ mf20)
HPV16 E6/E7 FdAHE FYste] A8 n9-2E Alzbste] videbedd Hr7HE
=83t A (Ryoo et al. 2005)7F )tk

2 ATolA s dEA A AH oF AIEFQ] Hela cell lines GFP whfd o]

BHE =S sto] g4 B#Eo] 73 GFP-Hela MXFE ©]8319] nude mouse?d]
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I A5 2 UE

1. 43 AlEF 2 o

2 AFo| A AFE-3H GFP-Hela AIX2F% GFP % A& transfectionA]# A|2}st
AEF2A wEpate] @ FA S| AL (Fh)oll A 2 4F Wrol ARE-SFITE. GFP-Hela A5
£ 1% antibiotics, 10% FBS7} &% Dulbecco's Modified Eagle Medium (DMEM)
el A 37T, 5 % &&=2] CO27F fA5= CO2 wid7IolA AE7F 1000 dishe]

70-80 A= WHEIF HEE wdstth vi%o] 3 & Trypsin-EDTA 1 ml

3

Wi wgFIel A 283t vhE F AlEE 1000 dish=5-E weluli 10 mle] PBSE
A7rstel EEAIZL $ 1,000rpmo 2 A4l § G5 As AAst] A
23]e] AA 4ol EFd MEE 1% antibiotics, 10% FBS7F g% DMEM #i#], Al

X Zgd3 DMSO(dimethyl sulfoxide, Sigma)< 2}z 5: 4 : 19 v &2 Ao] A9

o ArEg u7lx] AAAL BN HASIG oW, wYdE AHXEE GFP imaging

2,
241
rﬂL
E
mlo
offt
ol

s

system (UVP Inc., USA)o] Z=¥E Fo] #AzsFelT).



2. A%k % FHA

2 oA ARgE A9k Sigma-Aldrich (St Louis, MO, USA)ZHE 9j3}e]
AFgEtR o 3ekA ¢l Adiamycin, Topotecan (Y%A eF5=213]A} 3k=), Docetaxe
(A 2EA k2134, 3=F), Bleomycin  (Folel ~¥],  ¥=),  Carboplatin
(9 gksglo}, 3k3}), Cisplatin (59 A 524 3|4}, 3=F), Cyclophosphamide,

Ifosphamide (3#FoFEF213]A}, 3kat), VP16(etoposide) (H.3 A k524 3|A}F, dhat),

ol

Gemcitabine (3+=gg], 38+=), Paclitaxel (3= BMS, d+) & ztzF F9lslo]

Agel gt AFel AEE FAAES 7 ARA A L BAHe] we

AbgEtg om Bye 4 C Wisale] skt

3. 293 &

ddees cedd FdrolEale w3 Holow, seddandds

o] FAS AAH (sEAIYAYI] FoAWs 0 MBIACUC201420) 55#e 4A



sto] Alatel]l A=A REF AMSSIT sEAIC #dHI BE AJAHLS GLP
(Good Laboratory Practice) 715& wWstorw, Ao Al4d e TE5LS SPF

(Specific Pathogen Free) A H & A5} ¢},

4. in vitro FLA AT HAH2 MY Al EZuY)

A wF 59 AEZE 96 well platee]l 7+ well & 1X10°71/180u7} H == &5
&al 37C, 5% COp wiF7lelA st &<k kst wikd 7 wellel
Bleomycin, Carboplatin, Cisplatin Cyclophosphamide, Adriamycin, Docetaxel,
VP16 (etoposide), Gemcitabine, Ifosphamide, Paclitaxel, Topotecan®] 3AE 3-
D HDRAO| Ab&3dh= w529 1/102 HESF 2040 FAE H7Fet 5 (Bleomycin :
2ug/ml, Carboplatin : 5pg/ml, Cisplatin @ 1lpg/ml, Cyclophosphamide : 2pg/ml,
Adiamycin : 0.6ug/ml, Docetaxel : 7.5ug/ml, VP16 : 5ug/ml, Gemcitabine : 5ug/ml,

Ifosphamide : 25ug/ml, Paclitaxel : 1ug/ml, Topotecan : 1ug/ml), 72217+ &< 37

3

5% COy vjE7]oN A 72A17F F<F v katedct. nlf ol

i

5 Zh welloll WiFEE Al

o

o

AEES 23ty Y3ste] MTT assays 3315 2™, ELISA reader’] 2 540mm

L)

/630mel 4] IR (Inhibition Rate)3ts =4 st}

Iy

A FFEE ol&ste] &
F2AE o] 83t IRS Attt IRol 30% ©1/del¥ 7} drug?] cutoff ¥l ot

tumor®] Aol Sl Aoz AASIH

[¢]



Inhibition rate (%) = (1-T/C) x 100

T FA = A3 welle] 24 1% (g)¥F &3 %= (absorbance)
C Control well®] %2 =13 (9)F S35 (absorbance)

5. in vitro ¥GA A AAF (3 A AlE8]%, 3-D HDRA)

F307t 94E S aEvE 459 o F98 A%l A48T WA ransport
mediadll ¥ol 4 TE fAagon 29 wE v AHAL 4 TE cooling®
AL AHgstglon, dEHE oF IXIX1I mm’] 7R A2 F uddE 45 m ¥
3l 4 mg/mé MTS (CellTiter 96 AQueous One Solution Cell Proliferation Assay Kit,

Promega, USA)E 5000 #7}3}aL, 37 C COy incubatoroll A 1~2A17F wjeksl 5 2

o AL st Th A mg] 8% 96well culture plated] ZF welld] =d3F A
o] x2S Yo T oug FHHE 10XE5Ee HAE 20uUE FUbEn Ade 23]
HEEAE S 7|2 o g s1¢lon, FAE HI7Fsh & 72413 <k 37T, 5% CO, vl %7]

oA wjkalar, wjcko] Bk - Zb wellol] wjkdt AlEo] BELS FelEly] YEte]

of
1>

MTT assayE 33ttt ELISA reader7| & &A% T3 E o] &35l t}L9

& ol&ste] IRe AXtskelth IRl 30% ol/del™ 7+ drug®l cutoff F5=ol thak



]

Inhibition rate (%) = (1-T/C) x 100

T kA S A 2lsk welle] 22 19 (903 &3 % (absorbance)

C Control well®] =2 19 ()9 3 (absorbance)

MTT assay®}t EAlo glucose consumption assays AAISFSETE  glucose
consumption assay+ 7 well®] W& 20uE v-plateo] %71 F gucose solution

(95% Acetic acid, 5% O-Toluidine, 0.25% Thiourea)2 A7}3tg . A 713 wellS

St W A7 AL Aol FEs] WAl § Al2& 96well plateol

At

8~12%7 5%
7 ELISA reader’]| 2 630nme] #3402 O0.D#F=
FZ nude mouse & H3}EZF I

6. GFP-HeLa A3735Y Al
gkl 55

FALete] xenograft =@ A&
At ol E ol A Hj
Fe

+ DMEM#| A4 37T, 5% CO,
, Ak

3
® Hela cell 0.2ml (6X10°
o g

o W2 AMEF
o] 4% nude moused =%7F 23 £
A& ol&ste] o dFY FF AZAI F, g
cell/mouse)7} ¥ %% FH|8FAL nude mouse®] I &tol] FAZ|ZE o] A5kal &
4 e BEslY. = A cage IVC Rackes AHEsE3lon 3 ~ 4o &9
et Zdow wehs] Fa vAlIr]|E o] &t Htd B Hat ARE A
AFeEE Aol
10



7. ¥323 xenograft E@A HE3I ¢FIAE nude mouse 9

93t x3 o o]2]8le] xenograft 2@ Az}

dstzAe] P8 FFol A7k o 250mm’ FEIE HW whgiaRAE

—_

pES

S AZ3le] o)A w7A] 4 T transport mediaol] B3 Th ¢k 558 ¢ A nude

_]

o

mouseE %7} 23 + 3 T, A0

)

55 + 15 = L 35

ON

fA8 ol gt o

AFA FoF HSAZ & oo ALESIREH 4FEHE 2X2X2 mme A7|E Fe)

BN

Z}-S nude mouse?] I3t A | HAFES Folo] o]AEGit AALE dFI=

GFP imaging system(UVP Inc., USA, 18 1)& o|-&3}o] AZ3

=)

<Fig. 1> GFP-Imaging System. a) GFP-Imaging System?] ¢]|¥# b) GFP-Imaging

System®] Observation Chamber.
a) &%= in vivool HHE vgd JFELAS AEs oA #F ¢ e
X & proteomics, plant and animal researchol] ©o]8% Tt} b) A& AL&H

FEUS s Fogo] WAR GFPE S FU /18 BAUT

11



8. in vivo 34A E54AY

FEFE 2X2X2 mm © 7= AA e

=
3

X
N

v
ui)
A,
o
il
dr
o
X
i
rob

%75 nude mouse o IaxzA ] HAFES F5te] 156 579 nude mouse 9

—

gtz oA g F 3 FI5YH 4T AVIE FAsL dFH] A7 &
upe-2o wla] zpol7} U= 3 & At 12 & VEHICLE (PBS), Group 1
(Docetaxel) 3} group 2 (Adriamycin)e] 3 2= Yo zZ+Zt PBS, Docetaxel 3
Adriamycin & 3 F 1t o= meHde] Folsklth. Xenograft o] Fofdh=

FobAel Fe AF Ke & 1.2-24 m (A7he 1 3 FuFAea 3 73

gasgon 11 2744 B2 7 A9 Fsuc. A4 48 ALE:
a9 29 2
53 0l4 1% 97 29 259 £ WA SY  dw3e
VEHICLE (PBS) | | ] L [ |
GROUP1(OTAY) | | ] [ ] [ ] |
GROUP2(ADR) | [ ] | | |
1z 5% 0F 12

<Fig. 2> GFP-HelLa xenograft Z9-S ©]&3 i vivo YA a5 F9] AR,
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Xenograft 22 AHEES A 1Fo=z FE] 117H4] FAAE 1157 <t

9. ¥4 € A

(

o

JobAl 7reael frold AE Sl8) 1559 ¥ vl obEd F7)E Sl

of
ul

-

o=z #z 3k & Vernier calipersE& AFg3ste] & 712 9 M=z A7]|& 5H3
of Hgk (mm3)S T3kt Group 1 (DTAX)w# Group 2 (ADR) % thE#o =
Vehicle (PBS)«™3 £ Abo]=9] HIWE Fa Al Fo8S Ao mhg-~
sl 2w dt oAl el AR hF Apol= Ml Al 0.0M1Y A5

3, 1.0-2.00% A% A “Ea, 2.0 olde Ao Felstglrh, kAl W

=2
of
o
o
=
rlr
>
o
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il
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III. 23

1. GFP-Hela MEF 8%

Fastgom o 29 @ WA Agussit. Wy T 4259

o

el

<Fig. 3> GFP-HeLa MEF¢] #&. a) 7FABAs}elA &, b) 395/475 nm FelA
#Z, a) GFP7} W3S =% gene cloningd Hela cell& Uwkgsan] A slol Al 2
3+ morphology. b) AL G oA GFPY3 Hela cell& AAZ o2 GFPE g

sholct.
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2. GFP-HelLa A¥39] jn vitro 3YA ZA+A AAF A
M Exj )

stel ekl #A AAE SRS B 2AHQ el At vlgkAlE

= WFE71e] mheel] st} Apebr] wjel WA ZRE AR GEL FEA
of w=Fol Holdth ol# g o= 3xAA Al AREE = Aol HlE]

1/10 ~ 1/100°] F¢AE AHgsh=d 2 A7olMe /10529 1/1006 % 27HA5

7o R RFAFUo BAHoR AEE = 2FAQl Bleomycin, Carboplatin,
Cisplatin  Cyclophosphamide, Adriamycin, Docetaxel, VP16 (etoposide),
Gemcitabine, Ifosphamide, Paclitaxel, Topotecan® 117}A] <kA|ol] that skt 7+
T4 profilex 22y 6%, T7%, 7T1%, 19%, 19%, 25%, 46%, 54%, 48%, 35%, 62%°]
inhibition rate® WERATE IRl t& cut-off= 30%=A1, 30% olatd W A

7]

Aow WAF

slt}, ZAilo] w2 Carboplatin, Cisplatin,

rr

o g el #l

e

VP16 (etoposide), Gemcitabine, Ifosphamide, Paclitaxel, Topotecan®l] ti3}e] 7<=

2L
S
o
rr
a)

Aoz HAFEAT (2™ 4).
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90% r
7%
1%

62%
60% |
6% I
. L 25%
e 19%  19%
oy L HE .

BLM  CBP CDDP DTAX VP16 Taxol
Y Antl—cancer drugs

Inhibition rate (%)

<Fig. 4> GFP-HeLa A ¥F9] 219 A FujSHS o]-&3 3etA] 744 profile.

CBP (77%), CDDP (71%), TOP (62%)a2.2 73242l Hela cell Ad&S wgon,
BLM (6%), CTX (19%), ADR (19%)= 8oz F& As&S et

3. GFP-HelLa A¥39) in vitro 34A 744 AAF 3%
A Z 8] )

(

ok

3A =AY

jus)
==

FobA| 7F=A #HAF (3-Dimensioal Histoculture Drug Resonse

[o5

Assay)E 1980t ol w9 AntiCancer Inc.olA] /NEH 7|E2A4 dE3 3=

N B Az AHEHE AAMoITh Akl AEHE FUAY FEE

ol

1=}
RUN

=
1

TdT s AHEet H AAbdvith F9A =9k cut-offoll A efzbe] ApolE

==
T Tk

olaL Stk ¥ Aol = FlolA AMEE = FUA FEE ARl

i

= Bleomycin : 20xg/ml, Carboplatin : 50xg/ml, Cisplatin : 10uxg/ml,

16



Cyclophosphamide : 20u¢g/ml, Adiamycin : 6xg/ml, Docetaxel : 75¢g/ml, VP16 : 50
ug/ml, Gemcitabine : 50pg/ml, Ifosphamide : 250ug/ml, Paclitaxel : 10uxg/ml,
Topotecan : 10ug/ml& AF-&-3F3I T},

Zb ggbAlel digk 2444 profile ZH2F 11%, 82%, 75%, 19%, 45%, 82%, 54%,
45%, 31%, 18%, 51%°] IR< YERHATE. 224 Alsznfgate] Aapel wlalshd
inhibition rate®] FAoA ¢fzte] AolE Holu tiiE UdF wheS yEhd
2y Adriamycin, Docetaxel®} Paclitaxelol A= 3detAo] thal Hk-g-o] Abuby] A
Uebgt 339 =2k B = Adriamycin, Docetaxeld] 744 S YE SIS

L 2akel el ol A

e
B

T4 %l Ao® UEs o paclitaxel®] -5 ¢t

gt = vebetth (29 5).

3D-HDRA Chemosensitivity Test

80% r 82%
751,

60% 51%

45% l
30% +
19% 13%
1%

il B

BLM CBP CDDP CTX ADR DTAX VP16 GEM Taxol
Anti-cancer drugs

Inhibition rate (%)

<Fig. 5> GFP-HelLa ¢}Z3 9] 334 ZAn|PHL o435 34¢hA] 244 profile.
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3 2 Ekuek ol A= CBP (82%), DTAX (82%), CDDP (75%)w2.%2 Hela
cell As&S vegwom, BLM (11%), Taxol (18%), CTX (19%)& Az o=

A2 AsEol stokt

4. BjF NEF 0|4

GFP-HelLa Al EFZ o] &3 xenograft T2 A ZFsl7] $18Fe] GFP-Hela AX

FE wjgste] 159 6X10°707F H =2 wjgatglth. e AXE 23]9 PBS A1H

18



<Fig. 6> GFP-HeLa AM¥F o4 & F3e] A% #A. a), b) GAE F¢

105 A3, a), o), e)

B3, o), d) EAE FH F 55 A e), D) EA

ZEA RSt A w3, b), d), ) 395/475 nm Fel A

o}

= o



GFP-HeLa AXFE FHste] 43S F4T vhe-28 JYA7IAL dx24s 4

ssgith. 97k Y PHSEVE AEW AFIE 2X2X2 mme] A7)E A @

2} 127b5 nude mouse®| JstxZ o MAlFES S8l 15652 nude Ph-229] o] 4

Stal & F5 AA M ARFSSiT oA EEH 375 4T AvlE 54T 2

Fozol A ESs BAEom 1 A7) Fo| Smm~7mm, WH|7H

k%)
=
1
i
S

o

5.3~9mmgl on EF o] Bul= 69~169mm°elYt}l. o5 F A7|oA] T 2}o]E Ho]
= 375 A9sta 1295 37we® o] VEHICLE (PBS), Group 1 (Docetaxel)™}
group 2 (Adriamycin)® 322 o] Z}ZF PBS, Docetaxel®}t Adriamycing 33

214

o

2 me| gl Folslm w5 Foko] A4S gelsgitt (Table 1).

<Table 1> GFP-HeLa Z3¥ ¢ ti3t A9 &3} [Standard Deviation: SD]

_Days after 21 | 28 35 | 42 | 49 | 56 | 63 | 70 | 77
implantation
VEHICLE
(PBS) 135 197 315 409 598 652 764 | 1,363 | 2,006
SD 10.1 5.1 7.8 6.8 8.4 6.9 7.7 8.9 4.1

Average | GROUPL |5 | 447 195| 120 108 120 131| 215 358
Tumor | (DTAX)

Volume
(mm3) SD 5.9 8.1 43 6.7 9.5 46| 121 3.9 6.7
GROUP 2
(ADR) 132 139 145 147 178 206 239 | 404 739
SD 37 6.4 6.9 47 7.8 70| 104 6.8 4.9
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2,500

2,000 -

1,500
—#—Vehicle(PBS)
—#—GROUP 1 (DTAX)

1,000 GROUP 2 (ADR)

3
Average tumor volume (mm’)

= — = — /

21 27 34 41 48 55 62 69 77

Days after implantation
<Fig. 7> %A Fojo] wl& GFP-Hela &3¢ AF ¥l Group 1(DTAX), Group 2
(ADR), Group 3-Vehicle (PBS)7+ &¥]¢] =7] Hlale] A Group 1, 2= A2 FA

3

hud

o\

FA7I7F A= e control group! Group 3-Vehicle (PBS)o A& £33 o]

2] 21458 GFP-HelLa @& 37} W £25 AJFss Fds HeEhdd

o

ol% 3 o4 F 35 (21¥Y)F-H 3o =7|E =A3 A3} Vehicle(PBS)TS A

pr

F37h ggstgom Qe 9F (639) FHE Fe IAE AU 19

U Group 1 DTAX)w 3 Group 2 (ADR)woll A& 3 A #o] Vehicle (PBS)« 3 =L

A AkolE Bt Group 1(DTAX) 8] 4 Q38le] 453 A7k 75 49Y) F

7HA s Aol JAdqE = Fe B (2" 7.

113744 AFS3 3o APdes 3AA 7| 3¢ F7]9 GFP-Imaging

system< ©]-&3Fo] A3t (29 8).
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<Fig. 8> 115 & GFP-HelLa £3¢] =7]. a) Vehicle (PBS), b) Group 1 (DTAX), ¢)

Group 2 (ADR). GFP-Imaging SystemdlolX Z+ Group?t GFPYHd AL E

a=
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Abstract

Production and Characteristic Analysis of Cervical Cancer

Xenograft Animal Model for Anticancer Drug Activity

Hyun-I1 Choi
Dept. of Medicine
The Graduate School

Yonsei University

Cervical cancer is a cancer arising from the uterine cervix. Estimated deaths
from cervical cancer in 2012 are 266,000 worldwide. Considering both proper
treatment and patient quality of life, the histoculture drug response assay (HDRA)
would be clinically essential to patients. In this study, we evaluated the efficacy of
xenografted animal model of the HDRA in human cervical cancer. We have
investigated the correlation between in vitro chemosensitivity, as determined by
the HDRA and cervical cancer xenografted animal model. The results propose that
the HDRA is capable of predicting the response to anti—cancer chemotherapy in

patients with cervical cancer. Therefore, it seems that HDRA can assess the
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sensitivity to anticancer drugs in conditions similar to those in vivo conditions.

Prediction to chemotherapy would be beneficial for cervical cancer patients

through offering better outcomes as well as reducing adverse events, thereby

allowing for customized chemotherapy. Collectively, our study shows that HDRA

could provide useful information and prediction for designing individual

chemotherapy strategies in patients with cervical cancer patients.

Key words : Cervical cancer, HDRA, Xenografted animal model,
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