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Combination with CD/5-FC gene therapy enhances
killing of human bladder-cancer cells by radiation
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INTRODUCTION

Resistance to radiation and chemotherapy is a significant obstacle to
the treatment of advanced bladder cancer. Gene therapy combined with
radiation l;epresents_ a new approach to cancer treatment.

A widely used suicide gene encodes the bacterial and fungal enzyme
cytosine deaminase (CD) can be transferred from bacteria and expressed
in mammalian tumor cells. CD-expressing cells can deaminate the
relatively nontoxic prodrug 5-fluorocytosine (5-FC) to the highly toxic drug
5-FU.

In the present study, we explored adenovirus-mediated CD/5-FC gene

therapy combined with subsequent radiotherapy for human

bladder-cancer cells in vitro and in vivo using subcutaneous tumor model.
Our results indicate that this combination therapy dramatically enhances
the cell killing effect on human bladder cancer cells both in vitro and in
vivo.
METHODS

Three human bladder-cancer cell lines (KK47, T24 and 5637) were
investigated. A recombinant adenovirus vector containing the CD gene
(Ad-RSV-CD) was used. Cells weré infected with Ad-RSV-CD and treated

with 5-FC. Forty-eight hours after infection, the cells were irradiated and

cytotoxicity assays performed to determine the in vitro cytotoxicity. A

KKA47 subcutaneous tumor-xenografts model was used in an animal study
to examine the tumor growth inhibitory effect of this combination therapy.
Ad-RSV-CD was directly injected into the tumor and daily 5-FC was
intraperitoneally injected. Forty-eight hours after injection of Ad-RSV-CD,

the tumor was irradiated. The tumor volume was measured every day.

RESULTS
1. Different gene-transfer efﬁcienéy in each cell line

We examined adenovirus (Ad-RSV-Bgal)-mediated gene-transfer
efficiency in human bladder-cancer cells by X-gal staining. About 50%
p-gal gene transfer was achieved by Ad-RSV-B gal infection at 25 MOI in

the KKA47 cells, at 125 MOI in the T24 cells and at 5 MOI in the 5637 cells.

‘These MOI doses were employed in an in vitro cytotoxicity study.

2. Gene-transfer efficiency correlates with CAR expression

CAR is a common receptor for both coxsackievirus and group C
adenovirus. We observed a significant difference in CAR mRNA expression
(the expression ratio of KK47: T24: 5637 = 14: 1: 100) and the CAR mRNA
levels paralleledr viral gene-transfer efficiency in the respective cell lines.
3. CD/5-FC gene therapy combined with radiation enhances human
bladder-cancer cell killing in vitro

Ad-RSV-CD/5-FC-treated groups showed significantly lower cell
numbers than the no treatment groups ( KK47: P=0.0056; T24: P=0.0286;
5637: P=0.0131), which represented 49.4%, 51.5% and 45.3% cell killing
relative to the no treatment groups in KK47, T24 and 5637 cells. A single
4-Gy radiation exposure induced apparent cytotoxicity (7=0.0032, 0.0299
and 0.007) of 57.3%, 88.7% and 40.9% cell killing. An increased cytotoxic
eﬁ'éct was noted in Ad-RSV-CD/5-FC with 4Gy radiation groups compared
to no treatment control (2=0.0005, 0.0052 and 0.0045), representing 91.4%,
80.5% and 79.1% cell killing. The enhanced cell killing was seen only when
the cells ﬁere exposed to the Ad-RSV-CD/5-FC before radiation.
4. CD/5-FC gene therapy combined with radiation enhances growth

inhibition of KK47 subcutaneous tumor in vivo



- 88¢€ -

CD/5-FC alone or IR alone showed slightly tumor growth delay, which

followed by tumor regrowth. In tumors treated with CD/5-FC and

_ irradiation, significant volumetric regression was observed, which have

the smallest ratio of final tumor size to original tumor size among
treatment groups comparedvto the untreated control group (P= 0.03).
Histomorphological study showed that the largest necrotic lesions in
tumors treated with CD/5-FC plus irradiation.

DISCUSSION

CD/5-FC gene therapy combined with radiation therapy for treatment

_of bladder cancer offers fresh potential to improve the therapeutic efficacy

of radiation through selective tumor-cell radiosensitization.
Radiosensitization via local conversion of 5-FC to 5-FU can potentially
lead to more tolerable treatment without the local or systemic toxicity of
conventioﬁally delivered 5-FU. This molecular approach would improve
the thérapeutic efficacy of the bladder-preserving combined modality of
chemotherapy with radiotherapy in the treatment of locally advanced
bladder tumors.

In summai'y, our results demonstrated that prior CD/5-FC gene
therapy can enﬁance the therapeutic efficacy of subsequent radiation
therapy in the treatment of human bladder cancer, suggesting that this
combination therapy could be integrated with existing therapies for
muscle-invasive bladder cancer té improve local control and opportunities

for bladder preservation.
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1T U BB I T BRI P IR IR AN S 0. HILWEBREOR

RMLEENTVWS, BHEELDE. BHRRCEGETEREEESEDETIBRED

PAk. AREFZEIE. EFEEREOBREIZDWT. CD/6-FC BEFIBE & MaHRE

AEERER ZITo /-, BEFBEDZ S5 P, cytosine deaminase(CD)%# 2

BOMFREEOEDEE, & MNEREMRAB IO MNERBEREBE YA 2RV

— BRI 5EPEET R, adenovirus vector 2> TEEHBICEA, EHaTH

T. FhZhinvitro & invivo THFELZ SO TH 24, ERIFLALTHONTY

5, HEBEEOEN ST RS v 7 TH 5 5-fluorocytosine (5-FC) & #5935 &,

izdho 7o CD/5-FC BETERR S HFHREROMRAREOENIEZERN L. b Mkt

CD HHHMIA T CD 0B ik > TEROTW 5-FU BEEL SN, TOSFCITX

BOH L WRREORAECET 2BEERMRZR/LBOLLTHES DRETHD &

S THENTERT 2 E NI bDOTH S, SEEOL MNEREMIEKKKALT?, T24 B&

BDD, £oT. FHRER, B (B¥) OFU2ELIERIH S LRD D,

5637, CDMEFEANEY AVEF b - TF ) E= VAR & —(Ad-RSV

-CD)2# A Lz, Ad-RSV-Bgal ZHWT Beal BETHHFE TH /= S0%EET

BARIZ, KK4A7 M0 EE 1} 25MOI(multiplicity of infection), T24 #ila T 125

MOI, 5637 #ifa TiL 5MOI T# - /=, Coxsackie-Adenovirus Receptor(CAR

coxackievirus 3 & I adenovirus group C KT 3 RERTHEINZOZHREDOH

BRI TRER Y., FORERIG KKA7:T24:5637=14:1:100 TH- 724, ZDk

RITBEFBARE LSHEAL TWe, —EO 4Gy BHE L L5, FERHEEE

LA TR OSBRI N2 KKA7:T24:5637=57.3%:38.7%:40.9% T > /=,

5-FC 2595 &, 58 & LN THROFREIL TN KK47:T24:5637=

49.4%:51.5%:45.3% CH - 7=, B & 5-FCRE5EMETS &, MR LATHRE

DIRRHERITZNZN KKAT:T24:5637=91.4%:80.5%:79. 1% LAS NI EF L7z, <

DHBRIZBH ORI 5-FC 285 LSS OAEE XN/, KIT in vivo TORR

@50, KKATHAZI Y AOR FIEAALBEEHR I, TOREIC

| AA-RSV-CD #E s, TO%EH 5-FC 2EHNKE L. ¥k BREHTE

Ad-RSV-CD 7545 4 8IS 4Gy & —ERE L7z, BEY 1 X2 RRICHEL

7=& A, CD/5-FC BE, RFBEMBETIE, CLEBRTOENIASNLDD

DEEIEEA L, MEOHRH T, BEY XIHSMITEAL. BOEHR

bOTRBELTOVA R TREL 7z, ME2HRROEE. BEY 1 X0

TEENZD O TIREBERNICRERBEFSE 0T,




