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Abstract : The gene for bacterial cytosine deaminase (CD) which metabolites the
innocuous prodrug 5-fluorocytosine (5-FC) to the highly toxic drug 5-fluorouracil (5-FU)
was transduced wvia retrovirus into several cell lines : hepatocllular carcinoma(HCC),
squamous cell carcinoma (SCC) and myoblastoma. Transduction of the CD gene did not
affect the growth rate of these cells. However, the cells genetically modified to express CD
were sensitive to 5-FC in a dose-dependent manner, and the modified HCC, SCC and
myoblastoma cells exhibited approximately 120-, 130- and 460-fold higher sensitivity to 5
-FC, respectively, compared with each of the corresponding parental cells. Cells expressing
CD were killed with 5-FC at concentrations achievable in sera of patients receiving clinical
doses of 5-FC. Conversely, there were no significant differences in the susceptibility to 5
-FU between the modified cells and their parental cells. The cells expressing CD were able
to induce the killing of their neighboring parental cells in the presence of 5-FC not only
when they were in contact with each other but also when they were not. The killing ability
of cells expressing CD was closely correlated with amounts of 5-FU generated by the cells.

Most importantly, this killing effect was also observed iz wvivo. Significant antitumor

effects were induced in mice bearing HCC cells composed of the modified and unmodified
cells by an intraperitoneal injection of 5-FC. When genetically modified HCC cells com-
prised only 10% of a tumormass, significant suppression of HCC development was achieved
by administration of subtoxic doses of 5-FC. These results demonstrated the feasibility of

gene therapy using the bacterial CD gene and 5-FC for the treatment of cancers.
‘ Index Terms
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ERIh, EREDHRERSERFTHETT /7 >V T
7 3> —ERERE, FiEMER= VAT - IiE, B
PEARAERE, MR EDBETROLLLT, EXEA
[, WEE, OimE g NEEEREOEREER
BRUEGBERLIEER S BETHRBONSR & L CEKRR
BROBIBE R TW B, balEI BT, 19934 4 A
WEAEID, 199441 ArilBE X v, BETFHRE
CBT27A T4 v9OnRFEERIh, 19954 8 A1cii,
TT vV TT I F—EREBEDBECNT HEGTE
BARMmIhTV5. BETHECET MR, 48
OBREEE T ETETEBHCET IR0 LS
zZbihb.

WHETE, DETX 0 ERIRIGH TR PR3 5%
EFREOHE % B8 L ERIRN 21T - Ty, 7o
TIVEEBETOIr -2 - NAKHBERTFE TSV
FRrYANRAR7 Z—FRHVAE vE-2 -BEFT
5 KBEHBRD f-galactosidase BETF %, n vitro
B W in vivo R CHEMRERENCREIRES
TEFRELTWB. X b1, suicide BEETFTHLHE
FA~VRRATAAVABRRDF § v FF —¥HSV-1)
BETFEHEMRCEAL, »ve7ze it EdTs
i, BETFEAREMRED in vitro 3 X O in vivo ©F
WT, BERIICFER TS & L 2WEL T390, g
1k, HSV-ik BET DS 0 suicide BIEF & B\ 5 BE
TFHREORAKELT, ABEBEROY o vF7 39—
E(CDEEBETEV IR VAR 2R A TEA
DEEMECEAL, 5-7v4+r v b v v (G-FO#HEEI
X BHEBEZR Y in vitro 3 X O in vivo I\~ THRE
L.

il &
DBz v ey L2272 — DS
KIBEHED CD BfETEA DS AV7z, pCD2

VERrRYANLRRY & -2DHEES Fig. 1 KFRL .
ARz £2—1% SKEAIDEr=—f~Yv 2RHEY 1

v AR D long terminal repeat(LTR), suicide #&&EF
THHRBEBERXD CD BETYD, ARKE =t —x —
ELTSVA i rE—2—, XA <1 > ViithEr 5
% % neomycin phosphotransferase BEFY, €= = —
B v AAMBEY 1 A+ 2ERDO LTR &AL T35, &K
<7 2 —-AHNOKXBGEBEX CD BEF T, EEMacs
FABl = ¥ Teh B GTG A, ERMIIC R %R
2PV THB ATGREEI R TWB. A2 & — T,
CD BIZFOREBL, SKFEADO LTR AD =Y ~v 4 —
BLOT e -l THBEINS LE LN B,

) MBRZV IR YAARARY X —DEE

FERAEOLV b e YA L RD Sy — v 7 HIAT
H5 T2 MR %E 1X10%ells / cm?D B E C 60 mm &2
E~%E &, 10%86 84 m# (FCS), 100 unit / ml ©~<
=YYV VEBIOCIOug / mMOAMN T b= v
&t 5ml © RPMI 1640 588 &N %, 37°C, 5%C0O,D
T CEE L. BH, pCD2Vv eI SRS T R
IFRYVBAILY Y AR ) U2 RHEAEA L
7o, THIC2 HEERER, BREA~FA4~1 > v oEL
WETHBG418(Sigmadx 1 mg / ml DEE TN
U, G418 Mt Mifa & BB S 8 7. G 418 Mo W 2
AR X W EERPCKHEIhB LV b ey A A RFERL,
0.45 pm poresize filter (Nalgene) J8x5%48, —70°C I BRkE
BREL, B2V e YA AR 2 — L LTHUTFTDE
BRI,

3 FEEMEADOV P YA AR ek

BEERITIY, BALB /¢ = v Xl D A5 M
BTH5BNLIME A. 7R. 1#fa™, 5 v r %D
R LEEMETh B SCC131 ik, 7 » + ERDHGE
HifaTH5 L6 TG MR R 7.

AR OREE T, 60 mm BSEI I 10%FCS, 100
umit /mlOR=2Y vEIFTI00ug, / mlOX L
7T b=A >V EEts5ml © RPMI 1640 Ko ¥ %00 %,
37C, 5%CO,DE&MET T w 7o,

Vit R YA RADRBRLE, BEMEC 8 ug / ml©

LTR CD
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Fig. 1. Structure of the pCD2 retroviral vector.
The vector contains eukaryotic expression elements: (5°) Molony murine
sarcoma virus LTR, bacterial CD gene, SV40 early promoter, #eo gene and
Molony murine leukemia virus LTR (3"). Abbreviations used are as follows :
LTR, long terminal repeat ; CD, cytosine deaminase ; SV40, simian virus 40;

neo, neomycin phosphotransferase.
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Polybrene(GIBCO)* &t v 4 M A~ DE[H T
Wwhnl, 37C, 5%CO, F T 3~6 BRI ¥, V1L
AGHRWER TR IR 2N 2 2 AMESER, G418
% 1mg / ml DEETHINL, G418 MMkt a i
L. ThZhnofifakk X b B&IEAC 2 Ko G418 ithk
7ue—vuERERL, CDEERTFEAMBEE L TUTOE
BRICH .

4) in vitro CEBFB5-FCRIVP5-7r4 vy T
A G-FDIH T % Bz EORR

KBk D 5-FC(Sigma) % X O'5-FU(R R #EE)

T AEEMI, MTT 7 v 24 9% HuCRE L.

MY 1X10%ells / cm?D BEE T 24-well 5232
i X, 5-FC 5\ M3 5-FU &« ORETHRINL, 37
C, 5%CO, D&M T 4 HEFEE LI-RIT, 3-(4, 5-dieth-
ylthiazoil-2-y1)-2, 5-diphynyltetrazolium bromide
(MTT)(Sigma)#® 0.5mg / ml DEETHML, b
1 3~4 REfSEEE LI MTT 2 8 LiEBER v, 1
mlDOTAFAAALFFY FEINZ 10 5P - < b L3R
B L, & well ® 540 nm &7 % &IEE % microplate
reader(Corona) iz X h JIE Lz, ABHEKR & L Tix630
nm &\, EREO R MTT %012 7 well 2TGE
0 & L. TXCOEHRE 4 BT L, MlgEFRELT
DIRIZEE LT,

MR EFER(Y%)=G-FC & % % 5-FU &Ik o %K
./ 5-FC % X 08 5-FU FRERINEE O BILE) X 100

5) in vitro I3} bystander effect D#ES

CD BETEAMEY 1L h OB « 0 El
ATREAL, MEIE\ BT 5 EMREE0Xx104
cells / cm® H %5\, Mfgs 4 < Bl U o\ KM
EE(1X10%ells / cm?) T 24-well &I % &, 20 ug
/mlo5-FCHEETTL4RMEE LB LB D
MTT 7 v &4 T\, TRRORCHEEFELYEEL
7.

MR AR (%) = (BidkiilE & CD BIZTFEAMB DR
AREEFFOBRICE /BRI O H SR o TOEED) X 100

6) BEEW D 5-FU BE ORIEE F X OB MIaRE D&
&

CDEETHE AL 1X10%ells / cm?D % EE T 60
mm BEEIMZ % ¥, 20ug / ml O 5-FCHFEETFTT2~4
A ER BRIk 2 [EIN L, 0.45 um poresize filter
PR, vV rad T akAWEERRGEs vt S
F7 4 - XY, BEEEROS-FUBEZHIEL
7.

EHie, LESERROMEEESEYRN T 5dI,
BREHIRa % 1 X 10%cells / cm?D B T 24-well B33

—  BA

E ¥, FREEEREY 506 0HE TR LCEEK T
4 HREEE LB, MTT 7 v A4 2T TR0k
CRERRERFERYEE L.

MRAEFER(%) = (BEEER CERE L BEORXE
BIREEE I D B THEE U BB X 100
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Fig. 2. Proliferation of pCD2 retroviral-infected
and uninfected murine hepatocellular car-
cinoma cells (A), rat squamous cell car-
cinoma cells (B) and rat myoblastoma
cells (O.
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D in vivo BT HHEEDRE DK BENI0mm M EZE L~y 213, BEPEKTH
CDEEFHEABNLIME A. TR, 1< 9 2Bl wREFE &1,
%z« 0ElE& THEME S BAE, BALB /c=v 2
DRBERE Tic 1X10%ells /0.1 mlEEL, 2 HE X L =
h500mg kg ®5-FCH# 1 H1ME, 14 ARBEEAK D pCD2 Vv b=y 1 AR X 5 MR~ D
BEL, KTEREOEESY 0 ANBELL-. K TE 2=

120
A
100
A
80 120
60+ 100
40] —O—BNL-Wild 801 —O0— BNL-Wild
—@—BNL-CD-A \g 60 —e— BML-CD-A
2] _m—BNLCD-B ' 401 —&— BNL-CD-B
0 T T ..
0 10" 1 10 102 10° 20
120 0
~B - 0 1 10 102 10° 10*
o * 2
NN 100 o B
° * ~
~ . \o 120
O
) = 100 —o— SCC-Wild
""'“!' 60 (11
o @ 80 —e— SCC-CD-A
s _O_zzz'_‘g;d‘\ o 0 —m— SCC-CD-B
£ 2 °® - S ]
S —m—SCC-CD-B >
-; 0 . . . > 20
B 2 e
5 0 10" 1 10 10° 10 5 o ] . »
nC0 1)) 0 110 102 10° 10%
100 %k 120
80 100 i
k —O— L6TG-Wild
80
60 —o— L6TTG-CD-A
401 9 507 —=— L6TG-CD-B
—O—L6TG-Wild 40
20 —@—L6TG-CD-A 20-
{——L6YG-CD-B
0 : . ] 5 0 T T T r v
0 10" 1 10 10 10 0 1 10 102 10° 104
5-Fluorocytosine Concentration ( pg/ml) 5-Fluorouracil Concentration ( ng/ml)
Fig. 3. Sensitivity to 5-FC of pCD2 retroviral-in- Fig. 4. Sensitivity to 5-FU of‘pCDZ retroviral-in-
fected and uninfected murine hepatocel- fected and uninfected murine hepatocel-
lular carcinoma cells (A), rat squamous lular carcinoma cells (A), rat squamous
cell carcinoma cells (B) and rat myoblas- cell carcinoma cells (B) and rat myoblas-
toma cells (O). toma cells (C).

The symbol “*” represents that values of
retroviral-uninfected parental cells are
significantly different from those of
retroviral-infected cells at P<0.01 by Stu-
dent’s f test.
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pCD2 Vb rY A N ARZ 2 — 12X > CCDBEETFH ET22U-wel BEMICEE, MY v 7r-—RufEmigkns
BAIhic< v AFEMBETH % BNL-CD-A X0 HAWCAMBRELERNCEE L. pCD2 Vv try 1
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Fig. 5. Cytotoxic effect of CD gene-transduced hepatocellular carcinoma cells on
untransduced parental cells in the presence of 5-FC at a high cell population
(A) and low cell population (B).
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Fig. 6. Cytotoxic effect of CD gene-transduced squamous cell carcinoma cells on
untransduced parental cells in the presence of 5-FC at a high cell population
(A) and low cell population (B).
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DY, FENEEELE 7 v — v AP ISERTh-
(Fig. 2 A).

7 v MRV EEEAREY B CREOBRR 2T o &
5, pCD2 Vb ry A L REGT v bR LR M
TH % SCC-CD-A ¥ X 0°SCC-CD-B & Elkkiifa o 14
JERBIC IR ERRD T, IR 17T Th- 2
(Fig. 2 B).

b, 7y MEHFRREYAVCERECE VT,
pCD2 Vv b m A A RERS v P HFMETHHLE
TG-CD-A % X 0L 6 TG-CD-B & BEkifa D HEFERE I
BEBELRDT, SR 20 BRE<d - 7= (Fig.
20,

2) pCD2 v } » 7 4 L REBHAID in vitro R
% 5-FC iehb3 5 st

pCD2Vv b ry A v 2R&H~y AFFEMRTH
BNL-CD-A % X 0 BNL-CD-B t3dt1z, 5-FC ic Btk
FHEERZHA/RL, 100 ug / ml ®5-FCHMC X b
TRTOMBMAIER L, 50% 378 RE = B (Cso) 1250
3.5ug / ml TH e, —75, BRRFFREMERL 5-FC it
HERL, 100 g/ ml D 5-FC ¥ L < b Hifassms
REREEIRDONT, 1C0 3420 ug / mlTHh,
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pCD2 v+ » ¥ 1 L ARG & BAkHIfE O 5-FC
CHTHRRFMZ ICoTHE TS 120 nEEY
ATz (Fig. 3 A).

F7, pCD2 Vv b e v A LV ARREES » B R
BaTH 5 SCC-CD-A & SCC-CD-B % KM 5-
FC oz tE%2m L, 200 ug / ml © 5-FC M X b 4
LR L, IC I 3.0ug / ml THot. —
7, Bk LR R 5-FC imME%R R L, 20 ug /
ml LUF o 5-FCBRE T4 FR I 8IEL, IC,
1349 400 ug / ml TH b, WEHD 5-FCioxr3 52 H
I 130 fE o2 Z R 7 (Fig. 3 B).

IHIL, 7y rHFEMBECEL ChREORE 2T
fekZ B, pCD2 Vv b vy A L ARG FEMETH 5
L6 TG-CD-A & L6 TG-CD-B 3 E K& # 12 5-FC
RS AERL, 200 ug / ml © 5-FCHMZ X h &<
DOMIFEANFER L, ICo3 1.5 g/ ml TH ot —H,
Bk ML 5-FC Tt 7" L, 100 xg / ml @ 5-
FC 787 T b Mifatii e e P E 338 » b7, ICs 114
700 ug / ml TH Y, TED 5-FC s+ 5 mE iz
#5460 fEDEEZ R D (Fig. 30).
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Fig. 7. Cytotoxic effect of CD gene-transduced myoblastoma cells on untransduced
parental cells in the presence of 5-FC at a high cell population (A) and low

cell population (B).
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% 5-FU iexi 3 2 &tk

Rz, 5-FU ext+ 5 EEME2HR Lk =5, pCD 2
Vb ey A RES~ v A RN & SRR MR 13k
WRERFMEI 5-FU BEZM 2R L, [Cs3# 20 ng
/mlThY, CDEBETFEANFEMELHHERMBED 5-
FULKRT2RZIMCIELBEELRD oz
(Fig. 4A). 7 v r RPLEEMEY AR
T%, pCD2 vV + m v 4 A ARG - Bk D 5-
FU 3 2 BREZBICIARELZRD T, 1G53 40 ng
/ mlTH-7=-(Fig. 4B). Ebi, pCD2 Vv iry LA
AR 7 v G & B RO 5-FU kb 5 &3
ML EBEELRDT, 1CX#30ng / ml Th ot
(Fig. 4C).

~v AEME, 7 RYPLEEMRRSIOT v b
HFEMBEO pCD2 v t v v 4 4~ ARGl & L CHEST
LicEnRFhoMEakD A X OB D7 = — vEIZIE,
5-FC B X O'5-FU it T 5 RZM & EEXRD IR
DoteDT, AD7 v —vELThZhOMEKCET5
CD BIZTFEAMIE LT, ITFOERHEH L.

4) CDEETEA L 5-FCit X % M~ D by-
stander effect

R, CDEETFEAMED 5-FCHEETLRTHH
AR~ DEERE, W 5 bystander effect T L
7o. CDEGETFEA~ Y AFEMRYE« 04 THKk
MfEE L, MENEVcEmMT 2 EREECE &,
Bkl oBEC I BEE5E 2\ 20 ug / ml D
55FCHELET T4 HEEEE L. 25, CD BETEAR

—  BA

FEAIR L 5-FC 24 F CHBMR 0 i iifakE E 5 R
L, 20%, 40%, 60%, 80% D& CHEMMICEST
5&, ThZh#T70%, 85%, 90%, 95%DFikMg
FEW L 7= (Fig. 5 A). X5, MR\ CEERR L 7o ME
MRREECR VT, CDEETEAFEML5-FC
FETCHRMRCERZEELRL, 20%, 40%,
60%, 80%DEIETHHEMBICEAREETS L, FhiE
Nn#30%, 40%, 50%, 70% DFRRAIALAIER L 1= (Fig.
5B).

7 v FRFEEEARYACCREOBRR T &
5, CDBETHEAMEZS-FC HEE T ckME
EWHREEYRL, 20%, 40%, 60%, 80% D& TR
ERFET B &, BHIFREE T3 60%, 75%, 80%, 85%
(Fig. 6 A), {EMMBREE T3 40%, 50%, 65%, 70%
(Fig. 6 B) DBIFRMIAEAIEIR L 1z.

CDEETEAT v t Ml 5-FC 4 F 8k
Ml ER L EERRL, 20%, 40%, 60%, 80% DEl
ATHEMRCEST % &, SHRBETIY 5%,
80%, 85%, 90% (Fig. 7A), &AM E T3 30%,
60%, 70%, 80% (Fig. 7 B) D BHIIAMFER L 7z.

5 CD&ETEAMIEL b 0 5-FU 4

CD EEFHEAMAMN5-FC & v 5-FU #EA L T
BEBE T 5, CDBEFEAMBY 20 ug /
ml © 5-FCHEET CE#EL, EHEK D 5-FU BE %R
L7 (Table 1). CD#EETHEA~ v 2 FHEMEY 5-
FCHETICREET S &, SRR O 5-FU BEIL 2
HEH®K584ng / ml, 3HBE®KIX1,028ng,  ml, 4 H

Table 1. 5-FU production by CD gene-transduced cells

5-FU Concentrations (ng/ml)

Day 2 Day 3 Day 4
Cell 5-FC (+) 5-FC (=) 5-FC (+) 5-FC (=) 5-FC (+) 5-FC (—)
HCC 5844171 ND 1,028+304 ND 1,370+354 ND
SCC 845+371 ND 1,297+453 ND 2,017+696 ND
Myoblast 2,383+911 ND 3,473+1,276 ND 5,240+2,552 ND

HCC and SCC represent hepatocellular carcinoma and squamous cell carcinoma, respectively. ND, not detected.

Table 2. Cytotoxicity of media conditioned by CD gene-transduced cells and 5-FC

Survival Rate of Parental Cells (%)

2 day-old CM 3 day-old CM 4 day-old CM
Cell Experimental Anticipated Experimental Anticipated Experimental Anticipated
HCC 8.6+5.6 8+4 8.1+6.2 64 6.9t3.8 5+3
SCC 15.9+3.8 17+4 14.8+3.5 14+3 12.8+3.1 12+4
Myoblast 18.0+3.7 20+4 15.9+2.9 15+4 11.5+2.6 9+4

HCC and SCC represent hepatocellular carcinoma and squamous cell carcinoma, respectively. CM, conditioned

media
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Hitix1,370ng / mlicE L. CDEETFEAS » +
R EREREOB A, BEERFOS-FU BEIL2
HHE®KX845ng “ml, 3BHIX1,297ng /ml, 4H
Bt 2,017ng /' ml TH ot b, CDEEFEA
7y MEIFMlETIE, 2B 2,383ng ./ ml, 3HE
i 3,473ng /ml, 4 H Hi2i%5,240ng /ml, ® 5-
FU 2R icBH S hic. Lo, Skko g,
TR LM, MR RARE D 5-FC 2L 2
~4 BREFEERT-> Th, HEHERFIIE5-FU HH
hizh otz

6) 5-FU SR EER OBRMAAE

R, EFEO 5-FU SFEERIC X 5 Bk~ ok
EfE# K L (Table 2). CD BIZEFEA ~ v & FHEHM
% 20 ug / ml o 5-FCHEFAETI, 2H, 3HBLO4
RS L e BRI A FT I e B W C 50% AR L, B
BRRIRC RN L 4 ARIBSERT 5 &, BB Em 7ok
ERHD, EERIThTh 8.6%, 8.1%, 6.9%DHT
Bote. ThbOBEERICE Eh 5 5-FU EE 12, Table
1AL T TrEBLCW5 07T, Fig. 4A KR
L7 BIkkEAIIR D 5-FU T2 RZH X v, “hbd
DEBEROMIBEERZFH L& 2 5, B0 E
FERIL8Y%, 6%, 5% & 7ab, 5-FU &HEHEE O BIkM
B3 5 BESERE o RERE & FRMEIIERD T L < —HK L
TUe.

CDELEFEAT v B P EREMIEY 5-FCHEET
THEELICEERYAVCCRAKRORA 2T ol 25,
2 H,3 H¥ X 04 HHEEER OREER IIBERF LS
Ml ERREE 2R L, BkfMEoERFRIL15.9%,
14.8%, 12.8%TH -tz Zh b DEIEW O BMIIEE
Bkl 5-FU KR+ 5 RZM I 0 FHT B E, Fh
EFn17%, 14%, 12% & 7ch, RBE L FAME TR
—FH LT\
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b, CDEBRETEAS » + HEFMBEOREEKY A
WISEREHCRWTh, 2 B, 3 HF X 04 HRIESRE 0K
B DOBIRAIIC K 3 2 B AIRaRE 1L, SEERMEAS 18.09%,
15.9%, 11.5%, FHEHEDS 20%, 15%, 9% & —FK L T
7.
D CDEETEAEMEE 5-FCRE X 2 HE
PRI

CD BEFEA~ v AFHEMIELZE « 084 CHAME
BB E L7ctk, IX10ME0ME% BALB /¢~ v 20D
PGB FicgEE L, 2 A% X b 5-FC o fEkenHE 5%
4 HETY, ETESEVROFELBEL #-(Table
3. OB, CD BEFHEAFEMELE « OEI& CHkk
MR A L Th, 5-FC #%E LW EE 1, BEE
30 HURC TS OB &R, F 1, BRI
oL EEEL 5-FC ST - BEEKd, 211 30
AURETo~ Y RCEEHR 2R H. Lil, CD
BEFEAFEARZBRMCES L 5-FC 251
% LEEHBAEIIH S h, 2% % X O 5% O L4 Tk
RIFCIRE Lo A1, 90 B HoBEiiFh 60% o0
<V ARBEEHEEZDDHRTH 1. Xbic, CDEE
TFEAMIEE 10% 3 X 0 20% 0E & CHEMERES
T5 &, EEUERIZNEFR A0%E L 020% LB
HWElE i,

% =

SEEDHTFEWE DD X E L \Fei & Mfassmsmiio
EHC LY, BETFERCETAMEIEELRBEYE
i, ERUEOBETRICE EEHIED - BETHRE
DR ETR> TET WD, JRITHT 5 BEFREE L,
HEEE L VEMRCEBREEY v BREERL, &
DY A I A VEBETFEEALLBCBEOR—BE~B
MULCTRTC XY, SAE0OBEEREREYERIE 5L

Table 3. Suppression of tumorgenicity by CD gene-transduced cells and 5-FC

treatment

Inoculated Cells

Tumor Incidence

No. of mice bearing tumor
/No. of mice tested (%)

Parental CD transduced 5-FC () 5-FC ()
100 : 0 10/10 (100%) 10/10 (100%)
98 : 2 10/10 (100%) 6/10 (60%)
95 : 5 10/10 (100%) 6/10 (60%)
90 : 10 10/10 (100%) 4/10 (40%)*
80 : 20 10/10 (100%) 2/10 (20%)*
60 : 40 10/10 (100%) 2/10 (20%)*

* Significantly different from the result without 5-FC treatment at P<0.01 by x*

test.
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BT 2 RETREEP2 L, EEMa0EE
I 5 oD EEHEER T EEA LY, EEM
fax el S € 5 oI MlaEEREY AT 5 E8ETFEEA
THEENECNT 2 BETFREEYCH T bh 5.

EEMNLBECHTIEBETFREEO K LLT

nontoxic /e 7 v ¥ 5 v F& toxicia ¥ 5 v 7 T
% suicide BT #EMRCEARERE IR, T 7y

— B

7 HRET 5 HED R ST\ 5. HRiE, suicide
BIZFLLTCHSV-tk EIZF, 7rFIv7ELTHY
7 m EATRAGCIEETHREE, Bx oo L cE
BREABENCTLR TR Y, MESCINEE S
T REKERAT TR EB BRI T W 5.
WHZE T, in vivo BIETFEAE R AV HEC 3
BEETHREOMWIL Y Bis L CEBHNIELERTED,

5-FC
Bacterial or Fungal CD
5-FU
uridine thymidine
phosphorylase phosphorylase
FUR FUdR
- orotic acid -~
Eirr'g:: i phosphoribosil l }(?ng'”e
transferase
FUMP FAUMP
FUTP FAUTP
\ \
Cytotoxic RNA Inhibition of DNA
synthesis synthesis

Fig. 8. Mechanism of cytotoxicity induced by the bacterial or fungal
CD gene expression and 5-FC treatment.
Abbreviations used are as follows: 5-FC, 5-fluorocytosine;
CD, cytosine deaminase ; 5-FU, 5-fluorouracil ; FUR, 5-fluor-
ouridine; FUMP, 5-fluorouridine monophosphate; FUTP,
5-fluorouridine triphosphate; FUdR, 5-fluorodeoxyuridine ;

FAUMP, 5-fluorodeoxyuridine monophosphate ;

FAUTP,

5-fluorodeoxyuridine triphosphate.
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Z e, FHEMIRRERN Y A — 2 —BIEFOREY
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O CD BEF2, HSV-tk BETRECEETRECE
Y7z suicide SBIRF & 7 Y B 5 BT 57z, CD
BETFEV e YA ARAR2 & — 2T £« ORZEM
RWEAL, 7r ¥ 5y 27 &L T5-FCOHEERFT\,

FREMERA~OMIEEERE S b iEEDR R L.

CDEBEFRE L 5-FCHESIC X s MBEEDEF %
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RTHY, EEBEREDAINVATREENT o Ve
Bi7 2 746l v 5 > i BB 52900, IFFLIEMRE~ CD
BIEFEEAL S-FC#E5%#1T5 &, CD 11 5-FC ¥ A
ehi7 3 7Ll 5-FU e B#+ 5. 5-FU BEn s
ELAWbhTWARENLIERCH b, WIEME
HkDE 2 DBERIZL D, 5-7 A4 vy ) oVv=Y VER
L5-TAFeTEAF v I OVEY VBB X A,
RNA 8. & DNA A ON S #HET S L 1c X b i
faEE 2. —77, WASEMARI % CD 3 L s e
®, CDBETHAEAIR TVl TIE, 5-FCiL5
S-FUREBI WO THREEELHE L v, X5
W, 5-FCRHAIEEA L LTHRL Y RSBRIGH S h
TWBEFTHD, EREE I 5EYERE: & B
LTREL OBERVPERINTE D, BRECRT 3%
eI TV 5.

AR B\ TEE T, KEEBRD CD EETH~<
vAER=—FRHABEY A A AEZEDOLTR A=V v
P—BIVOTrE—2 -tk > THREII X 5 ICEE
INTzpCD2 Vb r Yy A L ARNRZ 2 —H T, FHEM
% CH LT 58 4« Dfifatk~ CD BIETFOHEAXT
W, TRrEFTy 7 THBS-FC IR 5 EE R L
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L, CDEETEAMBEIRS-FCHELE X b ZH il
BEEXHD, ICoix 1.5 g/ ml~3.5ug,/ ml THh, &
PRMfG & BT 5 & 5-FC ok 3 5 B s i3 120 £
~460 fEDEZE BT D . 5-FC I EEH & LKLY
CIREFEIRE ST, BAEREOEE L
B MAFRE R, BHEENIER OBE T 60 ug,/ ml L
LIRS WD LR E SR TV 53, SEOKE I
b, Zo5-FCRERRE~D CDEAMBAE 95%L
TR B0, CDBEETHEA IR T LBk
LK EERE 2R GBETHD Z LB LE. L
LXb, CDEETFEEMECEAL 5-FCHERT 2
¥, CDEEFNEAZIRTWiIWIEEMECEEST 5
Z &2, CDBETFHEA I NTFEME O R 2 IEE S
BEBENTBR I NI, e, CDBETFEAMSE &5
BRMIA D 5-FU 12609 B REZ T34 R A D e
o7 é b, CDEREFOEARTT - TH 5-FU icxt
T HREMEIB L2 EAVRI .

BAEKEZ B\ TThbh T 5 B FREORRIEER
T, ERMEGEEYRE, 2k cilzr e
ANARY & —HAVWICBETFEARTHR TV 5.
Ve AR, EEHOMRCO LB, B
ZHHMBICITERE L E WS HEEYE L T 5%,
FEIE LI B 5 IEERBPNIC I U - AR O/ W
BOEMEELLNBDT, VIRYAARARY X —%
RACIcBETFEARR, BHRCEENTBETFEALE
EEZbNB. i, suicide BETFEAL v NS v 2
Bebic X ) MIREEE L HE S 1 5 HF 13, suicide BET
EWZID) 7o ¥ Ty I DbERINLFT v 741
DNA s X O'RNA R EHE TS Lk BT, #
TEIA B B RIS ECEEL W B B2 bhB. L
52T, VIFRYA LAY X —%H\ - suicide BETF
BAKED, BHRICERRNIOEGE TREE & LT
ns.

LIAT, VIRYALARY 2 — %AW BETFE
AETRBETFEARIMEZ EHEHBIL TR,
B LT 5E& TORMBENDEETFEATRIEE L% %
bha. Lal, HSV- BETEH vz rErof
S EDLEI L ZBEFHREOCH A I, HSV-# BEF
BAMBROEECHEET 2 BIETHREAME L BELY
%, bystander effect &N AESEINEE 5 & L 23R
HEEIRTWB, = pRIKIT S bystander effect ®
PR IR T ThH B A, HSV-tkick v v Vg
&Nt verzrero ) v SHEE 2B E L
12D, Zhbo ) vt ek A R
% gap junction®*" % U CGREMR~BE L, HSV-
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hBETHEAIh TV WIEYEETSEE LD
RT3, FELORF KB\ T, HSV-tk &fm
FEAMR L B2 RSN T e BT 5 5
JABECHEEL, Fv v s e EARRMULEAIE,
387 7z bystander effect X558 L8725, #fas L
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effect DFFEIECH T 5 RW LBEFEERTT 5 L
TAREREZ 2N 5.

L ZATCDEEBETESFCERVBEETHRECE
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e, MlagEso i VEMREECE T EI Rk
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C—HL i BlkX Y, CDBETF & 5-FC o as
Jo® 2 X % bystander effect 1%, 5-FCfF# FTCD &
BFEAMBIVEEEINRSS-FURX - THEEBIRS
LB EINI. HSV-tk BIETFEF V7 rERR
X % bystander effect i i3 MfEERALETH 55, CD
BET & 5-FC OBA R MBS I N E Tl b,
ERTFEAMBORGCHELET sEMC X v iEIk
bystander effect *FELESELFE2bIh5. SHIE
HirZ L1X, CD #=T & 5-FC iz X % bystander effect
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BIETFEAREMEZ T 2 2% O &6 CHRTRE
WRAEL5-FCHERTT 5 &, FEORAERIL 60%E
TL, EHbRIBDEETERAT S L, EERERI
WY EERCHHEH SN DEXY, ERNETHEAD

— 3

PEoREMIAC CD BETE2EA LBNE, ARHiE
BOEYFELE D - LIRS hie.
BE—BPCRA DR T ABIER 5B ETFRER,
HEEE X VEMECESREY v A REHERL, e
vivo TEBWTEGTFREALLBCBOA—BAZCE
WL CRTHETHS. ex vivo BETFEARER, BET
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FERIRBLDE, VIRTAALRARNZ X —ZfEaD
HEEZMXLTEY, ThbOBHBERZ 2 —2EAVB LK
THED 50% Ll L DO MBI EIZ T EANTRETH - 1.
LichhoT, ThHLDHBEVIRY A LAY Z—%H
Wi CDBIETEA L 5-FCH# 5, FExRLHET
51« OFICKT A R MR IETFIRERC RV ESL L
FEIhb.

& B

suicide BIEF & AV fEicxd 3 5 BIEFRE O KR
Bge & LC, KIBEHh¥%D CDEEFRER = —H~
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