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F= G0l Yol AR A o FeiA ek
AEE AP e TR AR Bl 5k A 3
Ao A 2 AL 1070 vk ohsl el S

2. WARM EAb U o2 X
ARt AN ZAT oFE ARE AL

oFg Y 59 4vo®E Eiesich v EAl 52 vk
25 olFd Eol F¢= AL telvkE Aol 137
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Fig. 1. Antitumor activity of drugs alone in murine hepato
carcinoma, HCa-I. Tumor bearing mice were treated using one
of 5 drugs, and tumor growth delay was analyzed. Tested
drugs involved 5-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 (@).
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Table 1. Antitumor Efficacy of Radiation, Drugs, or a Conr
bination of Radiation and Drugs in Murine Hepatocarcinoma,
HCa-|

Time (d) to Absolute Normalized Enhance-

Treatment” grow from  growth growth ment
8 to 12 mm delayJr delay factor

Control 6.6+0.5

5-Fu 73112 0.7

RT 14.3+1.2 7.7

5-Fu - RT 124+14 5.8 51 0.66

RT - 5-Fu 109+15 43 3.6 047

Control 6.2+04

Adriamycin 8.6t1.1 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 79 071

Control 62105

Cisplatin 83+04 2.1

RT 17.4+05 11.2

Cisplatin - RT 16.1+1.1 9.9 7.8 0.7

RT - Cisplatin 163+13 10.1 8 071

Control 62105

Paclitaxel 8+0.4 1.8

RT 17.4+0.7 11.2

Paclitaxel - RT 18.3+0.9 121 10.3 0.92

Control 6.2+04

Gemcitabine 74%03 1.2

RT 14.7+05 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} HFAFM X A0 2|8t apoptosis =
(Fig. 2)

Gemcitabine}t WA X85 B33 At b 2y
o]9A7] wiitell gemcitabine®] WAAZTA FH1ATS] 7
S ATl =7 FHEA apoptosis FE T A48}
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4BAZE Foll s UET FeoE 38Tk Gemcitabine T
E 2184 28X|7F Zof apoptosis 5 F=o] 20.6%% FH
AE Bolow RA7F ek =2 FF(137%)E A4 3
33647 o SHE 46%2 Holgon, wiHek B A7l
A= 5.6%E GA sl WA T gemcitabine 231X
8 A apoptosis®] & AL oFE Fof 2447k FHE] A
Pl om 2647F Foll 195%% HaXo| o2z a o]
36417 I7A GAE Qo 14%), T2A7F Foll 825% % 7
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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.
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Hal
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= A AR 'S X 87 7R9E X Bell FEAX sk
], ojw3t FelEE SF¥XE7F desih=s e AARE
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Tl S AR etk okE, e WAk
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Aol S A5 zbell o3t FEAge] deelEe
QAT S
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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 b}y densitometry and are plotted
(B, D) for p53 (@), Bdl-2 (M), Bax (), Bd-XL (V), Bd-XS (#), and p21"*"" (@)
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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, Yonsei University Medical College, Yonsei Cancer Center.

Backgrounds : 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, Bcl-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 p21WAFVC‘P1.

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"A7"/cP!,
WAF1/CIP1

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