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Fig. 1. Antitumor activity of drugs alone in murine hepato
carcinoma, HCa-l. Tumor bearing mice were treated using
one of 5 drugs, and tumor growth delay was analyzed. Test
ed drugs involved S5-fluorouracil 150 mg/kg (M), adriamycin
8 mg/kg (A), cisplatin 6 mg/kg (V), each administered 15
min before radiation, paclitaxel 40 mg/kg (#) was given 9 h
before radiation, and gemcitabine 50 mg/kg (@) at 24 h
before radiation, compared to the control (@).

o

CHEHEARA S 2FEEEI X 2000;18(4):329~336

i

A AN AR F bR ARshe Aol HE Tl
g elo] oA 1 o}z Vieksdeh pacliaxel& 42 900]
09224, Ber} Fjoll A2 Ao ehgeh gale
Qo] 1o}kl oFZe §lel7l| gemeitabineo] 9w, 25 Gy 4

Table 1. Antitumor Efficacy of Radiation, Drugs, or a Conr
bination of Radiation and Drugs in Murine Hepatocarcinoma,
HCa-l

Time (d) to Absolute Normalized Enhance-

Treatment’ grow from  growth growth ment
8 to 12 mm  delay ! delay factor*

Control 6.6+05

5-Fu 73+12 0.7

RT 143+12 7.7

5-Fu - RT 124+14 5.8 51 0.66

RT - 5-Fu 109+15 43 3.6 047

Control 62104

Adriamycin 8.6%t1.1 24

RT 17.4+0.7 11.2

Adriamycin -RT ~ 16.2+0.8 10 7.6 0.68

RT - Adriamycin ~ 16.5+0.8 10.3 79 0.71

Control 6.2+05

Cisplatin 83+04 2.1

RT 174+05 11.2

Cisplatin - RT 16.1+1.1 9.9 7.8 0.7

RT - Cisplatin 16.3+1.3 10.1 8 0.71

Control 62105

Paclitaxel 8+04 18

RT 17.4+0.7 11.2

Paclitaxel - RT 18309 12.1 10.3 0.92

Control 6.2+04

Gemcitabine 74103 1.2

RT 14705 74

Gemcitabine - RT 19.1%+04 129 11.7 1.6

*Radiation dose was a single 25 Gy exposure. For the drugs,
estimates of the maximum tolerable doses were used: 5-Fu,
150 mg/kg; adriamycin, 8 mg/kg; cisplatin, 6 mg/kg;
paclitaxel, 40 mg/kg; and gemcitabine, 50 mg/kg. The time
interval chosen with respect to irradiation was based upon
the published literature: 5-Fu, adriamycin, and cisplatin
were administered 15 min prior to or 4 h after radiation;
paclitaxel was administered 9 h prior to radiation; and
gemcitabine was administered 24 h prior to radiation. All
drugs were administered intraperitoneally as a single dose
at a constant volume of 0.02 ml/g of body weight.

"The absolute growth delay (AGD) was defined as the time
in days for the tumors to reach 12 mm in treated mice
minus the mean time to reach 12 mm in the untreated
control group.

*The normalized growth delay (NGD) was defined as the
time in days for tumors to reach 12 mm in mice treated
by the combination treatment, minus the time in days to
reach 12 mm in mice treated by drug only.

$The enhancement factor (EF) was calculated by dividing the
NGD by the AGD.
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3. Gemcitabinen} QFAIM ZAIY| 2|8t apoptosis
(Fig. 2)

Gemcitabine¥} WA X828 £33 Ay} 742 13b9
0]27] wliifoll gemcitabine®] ¥WMALAZRFA R EIY] J)A
& AFekA 27 EEolA apoprosis $E L LA
etk HCald: WAl 93t apoptosis §-=o WS ver
Hol, 25 Gy WAAIRA Al HIXE 1247 Foll 25%% 5
BATE Folle diz=T FF22 &t Gemcitabine T}
£ X|8A4] 28417F 3o apoptosis F-E FFo] 206%E H)
AE Hgon RAZ FAlE 52 FEI13T%)E #4 3
3L 36A17F o] 3 HE] 46%2 Holgen, vk W A7)
ARl E 5.6%5 FASIIEE WA gemcitabine5-5}X]
£ Al apoptosis®] W AR FE Fof AT FHE A
sPalglom 2647 3ol 195%% H Al 0|23 T o|&
36217 37HA RASH ALK 14%), 127 Foll 825%2 F
2T B AZAe] $ESE apoptosis FENA P71
e BAEA gty g FrHEQ anakg 29
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Fig. 2. Induction of apoptosis by gemcitabine 50 mg/kg (@),
25 Gy single dose of radiation (M), and the combination of
gemcitabine and radiation (A), where gemcitabine was given
24 h before radiation. Treatment was given when the tumors
reached 8 mm in diameter. Data represent mean+SE.

4. =X 7 Wsl9 M3KFig. 3)

Gemcitabineol] )3+ Z<ke] WAA 244 F7HE A3}
71 Qe 4AEAY WS BAudck ps3, po1"
Bel-2, Bcl-XL, Bcl-XSE dhAA whEFa WA 9 gemci:
tabine E-3hroll tislo] E-A531c).

25 Gy WA =4 A] ps3E WK ZAL A7 $RE F
7Fstgiet. olell Folo] p213} Bel-XS7} ZF7F EHgich Bel2
U} Bax 9] Wy F9] S2ho] XA Yhou R o] 7
S whAAol 218 apoprosisi p21o]u} Bel-XSel] o3l =4
£ Aoz A7E|gickFig. 3A, B).

k23 WS Eqhlgl S o, bt dxg Wk B
AL p1oz eyl p212 1A7HEE] F7ste] 3u o]
Z7kslgedzl 25u]2 okzkel AHelE: Holdrh 4847kl
oA 4ul 2 Z71EIJekFg. 3C, D). Baxg AlLl3F B2 79
SR BASE 7T 152 SUE o ZAEgich
pS3e FEidk W3S Holx oigith Baxk: 7Y AdE
Heoich

Dok 3 AHE

B ooollA nhgA ZQEl HCald AR o2 B5F
ol thale] WAE Btk & A7l Ag= 5-Fu, adriamy-
cin, cisplatin 52 AAZ HZ ool ALsz gle ok
Soln], Agtd #Fy} En i 9tk®  Paclitaxelo]ut
gemcitabine-Z 2 Zofl /H FFEEA olF HA] HCald|
A uEES g 3o E3E BolA Fgich old A
= BohAnt A4S 95 X871 g X 8ol FEX F3t
o, w3t HelgE FPNF7) Hasde AE A
t}. & olF A3}, gemcitabineo] HCal9] WAA ZrAde
FosiAl FNAATIE Aoz e okF, = WA
A gate g Feidt ¢t aAE Holx FYAT *EFH
WA 23hAo) R gele] 1622 UeERE AL, B4 %)
A6 F Aol foldt Aol gedEe A
o Ajgtc} ‘

Gemcitabine> DNA 4] A8 #H&-& dh= Ao& geiA
ATkE ™™ In vitro AT ollA] gemcitabineS X129 1.88.4
A e ZA9E Ao Baslz g’ in
vivo QATOIAE nude mpgzoll o)Ag Qb AlAEYY
o9& §% Sl gemcitabineo] WA AEAE F7)
AFIE Zeo) #alslgle). hE 7t A A ER-S WALl
w78 Zokolst ul$-x §F2¢ SA-NH £ TCD500] 53.6 Gy
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Fig. 3. Comparison of the expression of regulating molecules by radiation alone (25 Gy) (A, B) and in
combination with gemcitabine (50 mg/kg) (C, D). When combined, gemcitabine was administered 24 h
prior to radiation, the same time schedule as was used to monitor the combined drug and radiation
treatment. The results of western blotting analysis (A, C) were analyzed bx}; densitometry and are plotted

(B, D) for p53 (@), Bcl-2 (M), Bax (A), Bd-XL (V), Bd-XS (4), and p21™

Q o4 WY Foeltt? weld] B oA7e HCIS
TCD500] 80 Gy o434 WA o] g =& Fok
olth ujgbd] B o Aibe= gemcitabineo] HFAFA OS] Al o]
$& 08 FPIAT BAY BHAE B AL 4 e
glEhe AS Al gl

Gemcitabineol] 28t Wb ZHpEA} o] 714 27 in vitro
AZAA ATEIT. A gt AEZe] 10 molL <]
gemcitabineg- 24A}17} %:=Z3}Av} 100 nml/L £33 mmol/Lol]
N7 =% 59s ol AL A SR 2gg o
+ deoxynucleotide triphosphate poolo] w2ls) it A EZE7]6))A]
S71=9 AT AA AR AAEZ Yok kA
¢ 2olA Milas 52 B4 WA S719) HEF) AA
Ha AES AEe A Rz AEFIIE AHEES

© o] gemcitabineol] J3k WA o] FrtEle 29

(@14 (.)

28 AAoleka AR om™? in vivooll 4 H4ks Al
o) FoF AT AILHTE AE B4 AR A
55 glep

2 QT gemciubinett #A4 ¥3t A, apoplosis
SEol QolA A4Sl Gl AL Mis 59 Azsh
Ax)gle). 2k, HCa 7} ojugt X Soll% apoptosis7} &
A7NA) ekedke e 2HE W, 539 X & Al gemcitabine
off 9Jgk apoptosis FrEE F7/HE L AHAE AlFeA
ok

S AT Tl 24 24 3RS vl sglE
W b FE2iRl HEE gemcitabined] F7tE ¥
p"ITS] ghgolet "IN WA 24 242 F
(F2 X7 2642 ) F7hEo] BATHGE XE T2AIZE

SyA e 458 $ANHFE 3. AL gemcitabine
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32 HellAel & ¥E (100 nmol/L~3 ML)eillAI 2] 2
€ =E52QAD AF= o] gota sk F 2] FE3
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— Abstract

Enhancement of Tumor Radioresponse by Combined
Chemotherapy in Murine Hepatocarcinoma

Jinsil Seong, M.D., Sung Hee Kim, B.S. and Chang Ok Suh, M.D.

Department of Radiation Oncology, Yorsei University Medical Coliege, Yonsei Cancer Center.

Backagrounds : The purpose of this study was to identify drugs that can enhance radioresponse of murine
hepatocarcinoma.

Methods : C3H/HeJ mice bearing 8 mm tumors of murine hepatocarcinoma, HCa-l, were treated with 25
Gy radiation and one of the following drugs: 5-Fu, 150 mg/kg; adriamycin, 8 mg/kg; cisplatin, 6 mg/kg:
paclitaxel, 40 mg/kg: and gemcitabine, 50 mg/kg. Tumor response to the treatment was determined by
tumor growth delay assay and by enhancement factor. Apoptotic level was assessed in tissue sections.
Expression of regulating molecules was analyzed by western blotting for p53, Bel-2, Bax, Bcl-XL, Bcl-XS,
and p21WAF1/CIP1.

Results : Among the drugs tested, only gemcitabine enhanced the antitumor effect of radiation, with
enhancement factor of 1.6. Induction of apoptosis by a combination of gemcitabine -and radiation was
shown as only additive level. In analysis of radiation-induced expression of regulating molecules, the most
significant change by combining gemcitabine was activation of p21"WAF/CeP!,

Conclusion : Gemcitabine is the first drug showing an enhancement of radioresponse in murine hepato-
carcinoma, when combined with radiation. The key element of enhancement is thought to be p21"F"eP!,
WAF1/CIP1

Key Words : Hepatocarcinoma, Gemcitabine, Radiation, Apoptosis, p21
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