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(absolute growth
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Diego, CA, USA.), Bcl-2 (N-19, Santa Cruz Bio-technology),

p21"AFYCPL(santa  Cruz  Bio-technology), a- Tubulin
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(Table 1),V
EGFR  p-ERK
EGFR HCa-1,
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25 . p-EGFR  HCa-I
, MCa-K, OCa-I, FSa-Il, SCC-VII
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(Fig. 1).

p-EGFR

2. PD98059 ERK

HCa-I PD98059 ERK

Table 1 TCD50 (50% tumor cure dose) in mouse tumors™

HCa-l  FSa-ll SCC-VIl  MCa-K  OCa-
TCD50 (Gy) > 80 748 280 29 52.6
MEK ERK
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Fig. 2. Western blotting analysisfor p-MAPK inhepatocarcinoma,
HCa-l. PD98059 were administeredintratumorallyasasingledose
at a constant volume of 0.16u a/50u I.

. in vivo
MAP kinase PD98059
0.16p g/50u |
Western blotting
ERK . PD98059 1
p-MAPK 05
(Fig. 2).
3. PD98059
MAPK in vivo
HCa-I
; , PD98059 : 15
PD 98059 , 1 PD98059
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0.7
PD98059
PD98059 15
75 mm 12 mm 1326 ,1
14.41 7.03 , 8.18
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Table2.Antitumorefficacyofradiation,PD98059,0racombinationand
PD98059inmurinehepatocarcinoma,HCa-I

Time (days) to Absolute Normalized

Treatment ESP(?VQC?I%%“ growth growth
7.5 gcﬁr mm delay delay
Control 5.52+ 0.25
RT 9.9+ 0.55 4.38
PD98059 6.23+ 0.34 0.71
PD-RT* 13.26+ 0.62 7.74 7.03 1.6
RT-PD' 14.41+ 0.67 8.89 8.18 1.87

Radiation dose was a single 25 Gy exposure. PD98059 were
administered intratumorally as a single dose at a constant volume
of 0.16 g/50pu I. PD98059 wereadministered 15minprior(*) to
or 1h after (T Jradiation. The absolutegrowthdelay(AGD)was
defined as the time in days for the tumors to reach 12mm in
treated mice minusthemeantimetoreachl2mmintheuntreated
control gorup.Thenormalizedgrowthdelay(NGD)wasdefinedas
the time in days for tumors to reach 12mm in mice treated by
thecombinationtreatmentminusthetimeindaystoreachl12mm
in mice treated bydrugonly.The enhancement factor (EF) was
calculated by dividing the NGD by the AGD.

PD98059 15 1
16 1.87
(Table 2, Fig. 3).
4, PD98059 apoptosis
apoptosis
apoptosis
PD98059
apoptosis
HCa-| apoptosis
, 25 Gy 4 1.4%
PD98059 24 0.9%
PD98059
4 4.9% ,
12 apoptosis 5.3%
. PD98059
PD98059 apoptosis
(Fig. 4).
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Fig. 3. Growth delay murine hepatocarcinoma, HCa-l. PD98059
were administered intratumorally as a single dose at a constant
volume of 0.16p g/50u I.Growthdelayanalysisfor(?) control, (? )
25 Gy singledoseofradiation,(? ) PD980590.16 u g/50p I, andthe
combinationofPD98059andradiation,wherePD98059wasgiven
(? ) 15 min before radiation or (?) 24h after radiation. Vertical
barsarestandarderrors of mean.

Fig. 4. Induction ofapoptosisby(? )PD980590.16u g/50p |, (?) 25
Gysingledoseofradiationandthe combination of PD98059 and
radiation,where PD98059 was given (? ) 15minbeforeradiation
or (? )24hafterradiation.Treatmentwasgivenwhenthetumors
reached 8mm in diameter.Vertical bars are standard errors of
mean.

5. , PD98059 apoptosis
PD98059 apoptosis
PD98059 , p53, p21WAFVCPL
Bcl-2 family (Bcl-2,Bcl-X,, Bcl-Xs Bax)
PD98059
15 PD98059 , 1
PD98059
Western blotting
25 Gy p53 1
24
. PD989059 p53
PD98059
24 2.7
, 3.2 . p53
1 24
(Fig. 5).
p21WAF1/CIP1 P53
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Fig. 5. Westernblotting analysis for p53. Densitometric analyses
are plotted for (?) radiation, (? ) PD98059treatment,PD98059 was
given (? ) 15 min before radiation or (? ) 24h after radiation.
Vertical bars are standard errors of mean.

PD98059 PD98059
2
3.2 (Fig. 6).
Bcl-Xs 25 Gy PD98059
4 1.93
1 1.83
(Fig. 7).
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Fig. 6. Western blotting analysis for p21

. Densitometric

analyses are plotted for (?) radiation, (? ) PD98059 treatment,
PD98059wasgiven(? ) 15 minbeforeradiationor(? )24hafter
radiation. Vertical bars are standard errors of mean.
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Fig. 7. Western blotting analysis forBcl-Xs. Densitometric anal-
yses are plotted for (?) radiation, (? )PD98059 treatment, PD9805¢
was given (? ) 15 minbeforeradiationor(? ) 24hafterradiation.

Vertical bars are standard errors of mean.
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Abstract

Enhancement of Tumor Response by MEK Inhibitor
in Murine HCa-l Tumors

Sung Hee Kim, M.S. and Jinsil Seong, M.D.

Department of Radiation Oncology, Yonsei University Medical College, Brain Korea 21 Project for
Medical Science, Yonsei University Medical College, Seoul, Korea

Purpose: Extracellular signal-regulated kinase (ERK), which is part of the mitogen-activated protin kinase
cascade, opposes initiation of the apoptotic cell death which is programmed by diverse cytotoxic stimuli. In
this regard, the inhibition of ERK may be useful in improving the therapeutic efficacy of established
anticancer agents.

Materials_and Methods: Murine hepatocarcinoma, HCa-1 is known to be highly radioresistant with a TCD50
(radiation dose vyield in 50% cure) of more than 80 Gy. Various anticancer drugs have been found to
enhance the radioresponse ofthis particular tumor butnonewere successful.Theobjective of this study was
to explore whether the selective inhibition ofMEK could potentiate the antitumor efficacy ofradiation in vivo,
particularly in the case of radioresistant tumor.C3H/HeJ mice bearing 7.5~8 mm HCa-l, were treated with
PD98059 (intratumoral injection of 0.16Mg in 50M).

Results: Downregulation ofERK by PD98059 was most prominentlhafterthetreatment.In the tumor growth
delay assay, the drug was found to increase the effect of the tumor radioresponse with an enhancement
factor (EF) of 1.6 and 1.87. Combined treatment of 25 Gy radiation with PD98059 significantly increased
radiation induced apoptosis. The peak apoptotic index (number ofapoptotic nucleiin 1000 nucleiX100) was
1.2% in the case of radiation treatment alone, 0.9% in the case of drug treatment alone and 4.9%, 5.3% in
the combination treatment group. An analysis of apoptosis regulating molecules with Western blotting
showed upregulation ofp53,p21 " and Bcl-Xs in thecombination treatmentgroup as compared to their
levels in either the radiation alone or drug alone treatment groups. The level of other molecules such as
Bcl-X,, Bax and Bcl-2 were changed to a lesser extent.

Conclusion: The selective inhibition of MEK in combination with radiation therapymayhavepotentialbenefit in
cancer treatment.

Key Words: PD98059, lonizing radiation, Apoptosis, Hepatocarcinoma
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