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Effects of Amifostine on Apoptosis, Cell Cycle and Cytoprotection
of Human Colon Cancer Cell Lines

Eun Ju Lee™

Department of Clinical Laboratory Science, Daejeon Health Institute of Technology, Daejeon 34504, Korea

Amifostine was developed to protect cells, but it is known to induce cytotoxicity and apoptosis, and the exact mechanism
is unknown. In this study, we investigated how the DNA mismatch repair (MMR) system interacts with p53 to prevent
apoptosis, cell cycle arrest, and cytoprotective effects induced by amifostine. HCT116 colon cancer cells sublines
HCT116/p53+, HCT116/p53-, HCT116/E6 and HCT116+ch3/E6 cells were used for evaluation. Amifostine induced
G1 arrest and increased toxicity two-fold in p53- cells regardless of MMR expression. Both G1 cell cycle arrest and
induction of p53 protein peaked at 24 h after the start of amifostine exposure. Both G1 cell cycle arrest and induction of
p53 protein peaked at 24 h after the start of amifostine exposure. Amifostine induced the expression of p21 protein in
both p53+ and p53- cells. As for apoptosis, compared to p53- cells, p53+ cells showed 3.5~4.2 times resistance to
amifostine-induced apoptosis. HCT116+E6 with both p53 and MMR loss showed maximum apoptosis at 48 h, and
HCT116+ch3/E6 with p53 loss showed maximum apoptosis at 24 h. As a result, it was confirmed through in vitro
experiments that amifostine-induced G1 cell cycle arrest and apoptosis are mediated through a pathway dependent on

MMR and p53 protein.
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714 W85 27 (hereditary nonpolyposis colorectal
cancer, HNPCC)¥} T}F3t F72] <oA1 DNA mismatch
repair(E U x| 75, MMR) ZAgo] 9102 v 4 thFink
et al., 1998; Fishel and Kolodner, 1995; Jin et al., 2017; Salem
et al, 2020). MMR-> DNA Z@a 2ol 9]al] 25 #x]of
2 FEY QB =g} Ba i A Ho vEEE o
71794 9] slippage°l] °|3 BYAE WA TH(Fishel and
Kolodner, 1995; Sunitha and Mats, 2003). MMR A]~E12] 2

Fe Bdo] MAES B4 TN BAIS &

ZIA]7]131(Sunitha and Mats, 2003; Jin et al., 2017; Salem et
al., 2020), h(MLH1Z} hMSH29] 232 Al Ed®ol= 2
Al HNPCC 22| oF k& xF4| gtk Fishel and Kolodner,
1995; Salem et al., 2020)3L €24 It} DNA EUX] &
(MMR) @22 DNA S8k OFE Qs BUX B
g Q% FAREE Y} 72 A= H(Fishel and Kolodner,
1995; Sunitha and Mats, 2003) 2 A} A E- o] 24
Folsl= Ao w A A- Atk (Hickman and Samson, 1999;
Lin et al., 2001; Chakraborty et al., 2016). DNA &Y 2| &
T48HA sk EAWo] vlEo] F7hshH, MSH2 HE
© MLH19] E<1Ho|2 Q18 MMR <42 diFie]
A4 v-8Fd 27ete] gle] =™ (Fishel et al, 1993;
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Papadopoulos et al., 1994; Salem et al., 2020) Az U=2Hed, Wt
A9k e, AP #He B A 5o 9le] H
| = &CHFishel and Kolodner, 1995; Munakata et al., 2023).
Hol Hl &S S7H7IE A 9ol MMRO] &4
oFE WAS S7MAIZILL Sxjoll Al ARgshs &
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Sl A3E7F DNA &4e] EA1E 1418 &
L, MMR®] 4= 18| 1A o] &EAY B
AE7F FEste] AlEAbE F3 2187 AaskA |
(Kat et al., 1995; Jiang et al., 2021). p532] 7-$- 4|3 DNAYI)
EFo] HABIS wf EA4fo] of Y] Aol MR
do] XPEA] Fopes sk F4do] oHe g AE
7F 2a2 AbEEeE ) ps3 Veo] Aojd Al
AR Ebgstar FAAR FHAF WA FHoks
7l BhJiang et al, 2021). p53 715 Foli p53 Hok-
wk-2~(knockout mice)oll A S7HE FF A2 o] 9l
S 1(Carder et al,, 1993), p53-2 QU7F 9] w9 B2
oA & o] FrH(Bhattacharyya et al., 1994; Fink et al.,
1998; Hollstein et al., 1991; Jiang et al., 2021)3 224 AT}

WR-27212 ¥ amifostine> 1950dth €H 2= &
T AT o)A 3 b o 7 BE #91S HEE] 9]
3l T4 = thShaw et al., 1988; Capizzi and Oster, 2000).
ATFE2] amifostine™} &4 tIAMFEQ] WR-1065% ©F
3 A Hebd A AFsAR] IS vA= Ao
2 RBAL% A THCapizz, 1999; Taylor et al,, 1997). <& £,
amifostine> ©]-&3} WAL B 318t Ao £ G

2
-

ol
b

ne P 24e masAn, EgelE wvt g
g G912 PN Amifostined] A4 ATE B

d = dl
Zohs WAYSS & dEA A 2L, amifostinel] 2]
S

S g 20 AEA RE ps3 oFY Aze] B4
sle} ghelo

S TH(Falcicchio et al., 2020; Lee et al., 2003).

B Aqto A= amifostine] 23l FetE AlEALE 2
A F7] Kol gk ps3 whulE W op21 @] o
&9 2A}817] 93 MMR+, MMR-, p33+ 2 p353- A1
ol A amifostine®] p53 THMA L p21 whMA o] Wl ]

Ar YFe ojumA gk

HE Y Wy
Cell lines

A4 AEF21 HCT116 A|3EE American Type Cul-
ture Collection (ATCC, CCL 247)o| 4 F-ull3}od ARE-3}S]
). HCT116/p53- MEF+= %4 5 AZ3Hhomologous
recombination)°l] ]3| F p53 tH AR} 25 A4
H A Zo]tkBoyer et al, 1995). HCT116+ch3 2.2 ™ &
AZFE 31 A7 B9E AEZ DNA B93] 2
T 5] A& HEo|tHKaoi et al., 1994). HCT116/E6S}
HCT116+ch3/E6 AZF+ fFH|FE & HA=2E F3
ps3 ALl B35 ATl =2 Y QI 7
T vlolH 2 §3-16 B6 T ES HHS = M ETolt)
(Davis et al., 1998; Bunz et al.,, 1999). & A ¥ 100 mM
L-=5E 2 10% & 22433} o} & 3 (FBS, Fetal
Bovine Serum)©] H.%¥ Iscove?] WFE EH|=Z wiA|
(DMEM, Dulbecco Modified Eagle Medium, Irvine Scientific,
Irvine, CA, USA)elA FA = At A Bk 2hele
400 pgmL-1 AY|E]2](geneticin, GIBCO BRL, Gaithersburg,
MD, USA)¢] B3 wjA|ellA] A ZTE HCT116/p53+
2 HCT116/p53- AlE+= 100 mM L-Z5FER 2 10% <4
B3} Hlof & ¥Ho] BFHE McCoy's HIA|(Irvine
Scientific, Irvine, CA, USA)ell Wo] 37C9] %5 fAsHH
Al 5% CO, vlj71elA] wgstolct. A= 70~80% ~AHet
W EFete] Al ket AEE ARl o] &si3ith B
= A3 UCSD Cancer Center®] Dr Howell 25 &1o]

AH-ai.
Reagents

Amifostine> US Bioscience Corporation®] 4] ¢ T},
50 mg/mL2] YNE 0.9% NaClol| &-3l3}aL 4Tl K3}
ATk

Clonogenic assay

7Y J45 B7] Asto], B F=2] amifostine
S 24M3F B9 AP e & HEE PBSE AIH T Al
28 AE 7R § 37T ReE A 5%
CO, HlF7Io1M 10~149 &<t wlgeh & AIEE PBSE
A ska W= 31743k 0.1% Crystal Violeto = 341
ST 5070 o) el AE7F B AR FHAHE E2

U2 45E it 488 7 ok Fme ojs) A
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33] o] FHEACE 1IC50 #H tlg A BIH(log-
linear interpolation) & AH&-8to] A4ttt

MIZF7| £H(cell cycle analysis)

AmifostineS 24417 F<t 1 10°~2 > 10° Al Zol| A
2 g F, amifostine *2] A2t F 0, 1, 2, 3, 4, 5, 647l
AZE AFste] WY PBSE 23] MlAskar, WY 100%
gkl 1ol 1071 AEE Alste] diliels)
i, 27k PBS 500 pLell A1 EFete] 0.1 mg/mL RNAse A
(Sigma Chemical Co.)Z 37ColA 30& &<+ A2t
50 mg/mL 5%=2] Propidium iodide (Molecular Probes, Eugene,
OR)E Al Aol H7Hgnh A5 flolA 302 &2t
B33 ¥ FACScan A1 #4]7](Becton-Dickinson, San
Jose, CAYE AH&38le] AlEE #2431tk Multicycle AV Cell
Cycle 42> E 9]|o{(Phoenix Flow Systems, San Diego, CA)S
AREste] A7)0 Zh Al A Ml H]ES AL
THLee et al., 2003).

MZAFH =ZH(apoptosis analysis)

Amifostine *12] AlZ} F 24A13F, 48A1%E, 724 b -
fr AlEeE B2 AEE AF ek dAalEe skl PBS
100 pLoll A HESFAL acridine orange®} ethidium bromide =
QAEIATE 1 M= 3 dAvAel os) MlEAbd
Fefell sl H7h= Ak A= FEjsHA] 7]1E(McGahon
etal, 1995)°] we} M¥APE R H4E ujzch

Western blot analysis

ChFet F9 amifostineS 2] 3 § ThFgh Al el A
0.15 M NaCl, 5 mM EDTA 1%, Triton X-100, 10 mM TRIS
(pH 7.4), 5 mM DTT, 0.1 mM phenylmethylsulphonyl fluoride
2 5 mM epsilon-aminocaproic acidE -3l Sl A
S-S S E S 75% B 15% EE]otad
oln] = Z(Precast Acrylamide Gels, Bio-Rad, Hercules, CA,
USA)S AHgste] 7| sos A% 3 243} a3t
w2 S polyvinylidene difluoride =H(Immobilon, Millipore,
Bedford, MA, USA)S. 2 &ATE TS 5% T4 9,
0.05% Tweenl & 1A|7F Tt x}eb8lal 0.05% TweenC =
A S T 4ToAA WA 12} Aol =F3 AT vk
2 &l ZE antip2l (sc-817) 2 anti-p53 (sc-126) A=
n|= ] Yol AFERTF 2] Santa Cruz Biotechnology
oA Ak 13k FA= 5~10% FAE S-froll 1:400
o= 345k T AlE & 1:3,0009] 34 H]S= horse-

100

50

Survival (%)

& HCT116+ch2
-5~ HCT116+ch3
—4 HCT116/E6

—# HCT116+ch3/E6

0 1 2 3 4 5
Amifostine concentration (mM)

Fig. 1. Effect of p53 and MMR on amifostine sensitivity. HCT116
cells were exposed for 24 h, and dose-response curves were gen-
erated by clonogenic assay. Each data point represents the mean of
at least 3 independent experiments performed with triplicate culture.

radish peroxidase-conjugated anti-mouse antibodies (Amersham
Life Science, Inc., Arlington Heights, IL, USA)ll =EA]7]31,
E3AE slehigo s 7 skeelth

i

el 52 33 HHE Zsigion, ol disk 4
= =9 ZHmean £ sd)Z AlLFSIATE Amifostine
v A 2 (t Z) 2 amifostine A 2]t ZFe] xpolof] whE
932 two sided ttest WHE ©] 83T} 7 £4 9]
A el 95% AFTE(FlE 0.05, P<0.05)

A
2 stk

by

4 I
Amifostine2| S40f| Cist p532t MMR2| &3}

Amifostine®] e HCT116 24 AlEe] W7te] o
Sk ps3, MM 2] J3kS A73}7] 913l clonogenic assayE
AHEZITHFig. 1) AIEE FHAIR F, ohFdt 5529 ami-
fostine®l] 24A13F FF =FA|7]AL, 10~14Y Fof] F2Y
5 H7FSIATE HCT116 MEoA ps3 frzte] Axe
IC50 #ke] ml&= A=sk(Table 1)3F v} 7o) amifostine
NZEE 214028 S7HAZCHE T + sd, n=3, P<0.05 -%F
W +-374). FAEA, E6dll 93 ps3 wruld o] e
amifostine WS 1.910.28] S7HAHTHE A £ sd, n=3,
P<0.05, 45 A7) EUA] B o] A& HCT16+
ch3 AJEZo| A Eeoll 213k p53 whilE o] F-&3= amifostine
of 3 VAEES 1.89+028) F7FAIHTHHE T + sd, n=3,
P rE|E 23 P<0.05). Amifostine®]] THgH HCT116
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Table 1. IC50 Values for HCT116 sublines”

. Phenotype Amifostine IC50
Cell lines
MMR  p53 (mM)
HCT116+ch2 — + 4.87£0.5
HCT116+ch3 + + 43403
HCT116/E6 - - 2.57£0.7
HCT116+ch3/E6 + — 225%0.5

*Each values represents mean * sd of 3 independent experiments
each performed with triplicate cultures for each drug concentraion

Table 2. Magnitude change in amifostine sensitivity expressed as
IC50 ratios

Effect of loss p53 Effect of loss MMR
Celllines 1y MMR+ In MMR- Inp53+  InpS3-
cells cells cells cells
Fold 1.91 1.89 0.88 0.86
P-value 0.081 0.0012 >0.05 >0.05

AmifostineO| =38 M[ZAFZO|| CHSE p532F MMR ©H

2ol =t

Y3F A AA S ARESEe] Al
3}8ITKFig. 2). HCT116/p53+, HCT116/p53-, HCT116/E6
2 HCT116+ch3/E6 A EE HCTI16/p53+ A2 1C509]
3l F3l= 4.8 mM amifostineol] 24417t FoF =F A F T}
apoptotic M3E2] &3> amifostined]] =Z%7] A& &
24, 48 123l 724t SASE3ATE HCT116 AlaEel A 3%
2 Azl o] gk ps3 frdAte] A4S amifostinedl] =3
H % 24A 7 72 354128 2 4.2+40.74] 2 (Table 3)
amifostine 28 MEAPES S7MAIHTHET £ 54, n=3,
P<0.05, MMR+ ™ MMR- A¥9] H|2E 93 %= 7
A). A, E6oll 213k ps3 vl A o] R-a)l= amifostine
o =EE7] AAZE F 24, 48 E 7247 22} 2.1+
021 = 43+0.84)7FA] amifostine®l] 2|3+ A EATEH S
ZINFHTHHE A £ s.d., n=3, p53+ U] p53- A2 WL
3 AR 23 P<0.05). =LA H- 5ol 3

= HCT116+ch3 M Eo|A] ps3 vl d o] E6 vlj7l] w8l
amifostine %= A XAPES 72A17F 2 96A| 7ol 242t 4.2

A ALE A

i ol

Table 3. Magnitude of change in amifostine-induced apoptosis as
aresult of p53, MMR, or both functions expressed as apoptosis
ratios”

Effect of loss of p53 Effect of loss of MMR
in MMR+ in MMR- in p53+ in p53-

cells cells cells cells
3.5%12(@)  4.2£0.7(b) 1.3+0.2(c)  2.1%0.9(d)

"Ratio of the apoptosis value in the functionally deficient to pro-

ficient cells determined from acridine orange and ethidium bromide

and this value was compared untreated with amifostine treated

cells. Each value is mean £ sd.

(a) P=0.02: comparison between the MMR+/p53- and the MMR+
/pS3+ cells

(b) P=0.002: comparison between the MMR-/p53- and MMR-/
p53+ cells

(c) P>0.05: comparison between the MMR-/p53+ and the MMR+
/p53+ cells

(d) P=0.02: comparison between the MMR-/pS3- and the MMR+
/p53- cells

8 u HCT116+ch2
HCT116+ch3
6 HCT116/E6

u HCT116+ch3/E6

|
THeEl mEl ..mE
24 48

Fold

72
hour

Fig. 2. Effect of p53 and MMR on amifostine-induced apoptosis.
HCT 116 sublines were exposed to amifostine for 24 h. The percent
of cells in apoposis was determined by supravital fluorescence
microscopy at 24, 48 and 72 h. Data points represent mean =+ sd
of 3 different experiment each performed with triplicate cultures.

+04 2 204022 Z7MATHHETF £ s.d., n=3, p53+ Ul
1253

P53- Ao vluE 915 4 Al €3 P<0.05).
Amifostinedf| 9|5 F=E MZE 37| HA|2} p533t
MMR CHHZI0] 2t

HCTI116/p53+, HCT116/p53-, HCT116/E6 & HCT116+ch3/
E6 A|¥EZ HCT116/p53+ H]Eiﬂ 15091 SNF3H= 4.8 mM
amifostine®l] 2417t B9 =ZA]ATE ps53o] LHE =
HCT116/p53+ L HCT116+ch3 A|3EoA] amifostine *] 2]
A Gl AA7F @Adske] 24 holl Harzol Y3tKFg. 3).
g, p53- € MMR Z3E HCT116+ch29} HCT116+
ch3/E6 Ao amifostine> Gl FAE Lo7]#] Fglo
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100

HCT116+ch3
0G2eSoG1

100

HCT116/E6
0G2o0S0G1

DNA %

Fig. 3. Effect of p53 and MMR on
amifostine-induced cell cycle arrest.

100 100
HCT116+ch2 HCT116+ch3/E6 HCT116 sublines were exposed to
sl 0G2aS oGl 15| ©62ms =6 4.8 mM amifostine for 24 h. Cells
1 were harvested at 1, 2, 3, 4, and 5 days
< G1 R o1 after the beginning of amifostine ex-
< 501 < 50 \I/l\.;_,——l\ posure. The percent of cells in G2/M,
o e S and G1 phase was determines by
25 L S 25 + < flowcytometery. Data points represent
R e mean & SD of 3 different experiments.
o G2/M o _ G2m d0 mean amifostine untreated cells.
0 1 2 3 "1 5 0 1 3 4 5 D1 mean 24 h after the beginning of
days days amifostine exposure.
© o o = ™, o] amifostineol] 913 X GI AX|7} ps3 wHA
100 ma o L I . o 2]&#%S Yebith Amifostine> HE3F p53-2F MMR
|}
I . . I I I s AP % HCT116+ch3/E6 A|XE AQ|e A3 BFoA] &
80

261 A= G2M AAE skl GoM AA7} ps3z MMR
60 || | ) S92l ARE F9 wizlEs JERATHFg 4).
40 Effect of amifostine on the expression of p53 protein

" and p21 protein
RN, Amifostineol] o]l ¥ AEARE 9 AE F7]

ch3 control ch3 ch2control ch2 E6control E6 ch3/E6 ch3/E6 q

control

Fig. 4. Effect of p53 and MMR on amifostine-induced G2/M cell
cycle arrest. Magnitude of change in a amifostine-induced G2/M
arrest as a result of p53, MMR or both functions expressed as the
under the curve of fraction of cells. HCT116 sublines were exposed
to 4.8 mM amifostine for 24 h. The percent o cells in G2/M phase
was determines by flowcytometery. Columns represent mean = SD
of 3 different experiments. (a) P=0.0035: comparison the amifostine
untreated MMR+/p53+ and the amifostine treated MMR+/p53+
cells (b) P=0.0038: comparison between the amifostine untreated
MMR-/p53+ and the amifostine treated MMR-/p53+ cells (c) P=
0.01: comparison between the amifostine untreated MMR-/p53-
and the amifostine treated MMR-/p53- cells (d) P=0.045: com-
parison between the amifostine untreated MMR+/p53- and the
amifostine treated MMR+/p53- cells (e) P=0.008: The G2/M
phase was 2.5 fold larger in amifostine-treated HCT116/E6 cells
relative to amifostine-treated HCT116+ch3/E6 cells.

o] o3t p53 ol 2 p21 g o] o8ke Z=7ta
ZAFE7] 913 MMR+, MMR-, p53+ 2 p53- A3 of| A
amifostine®] p53 T T p21 A o] W&o w]X]=
AeS ARSI tH(Fig. 5). HCT116/p53+, HCT116/p53-,
HCTI16/E6 2 HCT116+ch3/E6 AIEZ HCT116/p53+ A%
2] 1C50° s} F3l= 4.8 mM amifostine®l] 24417+ ot =
EA Y. p53+ A|EoA] amifostine-> amifostine F-= Gl
A e} v A R ps3 wri A o] wihE F s Yl
H, o] 24A17kell Harzol| &3t} T3l amifostine
p21 Thide] WE §rE2 oAt 1 wue] &

= HCTI116/p53+, HCT116/p53-, HCT116/E6 L HCT116+
ch3/E6 A3 5ol A gl o o]= amifostineol] th3F
W0 p21 wElEe] {7b ps3 9 MMR e
1A S YeERATE MMR-/p53- A3 A] amifostine-

Gl BAE dor|A &ar p21 djde] H S F=de
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HCT116+ch3 HCT116+ch2

TC 24h 48h 72h 24h 48h 72h

o0 [ -
ot 210 [ e e ]
e 210) | S e

HCT116/E6

HCT116+ch3/E6

TC 24h 48h 72h 24h 48h 72h
p21 (21 kDa) —— PR

pein (2100 | ————

Fig. 5. Effect of amifostine on the expression of p53 protein and
p21 protein. Cells were exposed to amifostine for 24 h and cellular
proteins were analysed by Western blotting at 24, 48, 72 h after
the beginning of exposure to amifostine. Amifostine induced the
expression of p53 protein in p53-proficient cells and the expression
of p21 protein in p53-proficient and -deficient cells.

], ©]+= amifostineol] g WG OZ p21 Tz o] b
ol A 719 GI GACNA AEE FAA7]7]0l
oA gtk 21s YERATh

g Z£UK(sporadic colorectal
tumour)< H]AgH oz AU 71 dinucleotide WHEAE
S 71A 3 9t} o]#3 DNA = o]E= microsatellite
instability2} 32 3H=H], HUX] EHMMR)7F Al 7]5S &
sto] %21%E DNA A 9 (replication error) ol AY7]
= Ao w2 FZHUKFink et al., 1998; Fishel and Kolodner,
1995). Microsatellite instability:= AHgtA] 2]A; FoFuint
ofyet 314 M85 U7 (hereditary non polypasis
colorectal cancer)ol| A= YERATE F-744 H]8FA4 g
oFS MSH29F MLH1%} 28 EUAEF(MMR) F2¢
9] 7)5/ ¥ o](loss of function mutation)9} A& F o)
= Ao BWuEArKLord and Ashworth, 2012). -3
1 9ok MMR T d2 5% DNA <ol Z3tst
T Uom o] AL ps3 I AZEAME s} o] 9}

Ao 2 K35 A THFishel et al., 1993; Kat et al., 1993;

Papadopoulos et al., 1994; Parsons et al., 1993) DNA <73
= % ps3 e B AFEARPEA MMR Tl o] of ek
o}2 olaf & A ottt E ATl A= p53 H MMR
@ AEi7F o HCT116 AEFE ©]-8-3te] amifostine®]
A3z oFg]gholl tigk ps37 MMR Tl g o] gito| 3|
<ol B kt}. Amifostine< paclitaxel®] Al E 54 0 2 5]
HCT116/p53+ AX2E AedoR W eh= ATeA A
A 24L& ps3o] FH3F7] ol amifostine®] ©]-23} W
APl 2 osketaAle] 54 adteRH Y 248 B
SBkA|RE, ps3o] A o 24 Gl IS S
K AAT = R 53 o
T ps3 @A e §) 2o FE7t
22 Ao A W3E ¥ S Uh(Falcicchio et al., 2020; Roser et
al,, 2021; Jiang et al., 2021; Munakata et al., 2023). H3},
amifostine paclitaxel f-= Al X544 S 25 E MRC-5 QI
2 H Afot IS BEakar A427 H9F AlZENA pacli-
taxel A|EZ 5] F7IEE AL R YEN K Taylor et al.,
1997). A427 ME= ps53 S-S THIA|THL et al,
2021), p53 whEe] Asto = Qg ps3 A=) v|EAdst
o] DNA 73 W82 =(Strobeck et al., 2001; John et al,,
2007) F1&YET}h Amifostine *2]%¥ A427 A|Eo|A] pacli-
taxel®] W7 S7H= DNA 39| Z7le}h #go] gl
3(Taylor et al., 1997) ¥t X525 93 sleta
Al AR kel MMR 2/go] AW Al (genome)
Ao EARe] HES STIAA, ke Wide] st
DNAS &k AlXe 8 ARz os &3e
2 AZAPE S S7HAIITE MMR @A 2 Al 527
o] &3}t FAoll #ofste] DNA &7l gk vhg-o =
Al 7] AAEJESH A ZAFEO] Aoy a1, MMR
o] Z¥d AXe S Zte 3o B tHDavis
et al,, 1998). MMRo] A|2252d8 oA wj7fiel=A= A
gs] At 4= U] T 6-thioguanine ™} cisplatin -l 2]3]
AA¥ DNA WL B EdWe)E 832 MMR
ol AE7F FA4] 942 Aolekal o= AL, MMRe] H]
23St DNA $HaEA 075 H6HA] Hehr] wie
of EAWoe]Eo] mfg- H& Euk olg} DNAC F7HE
woltk AAQl of= Wid e £e¢}
Hdste] Fdel] MMR 23 Ao FoAdl iz A
T7F @A AlEe] Fesirhal AbsEh

Amifostine®] 2] Aol A p53 T AL HE F7]
& xdsled 8% 9% gtk Amifostine> p53°]

3L

= At A E AE BFelA G2 BAE Lozl

oL

k

N, Mo o

el

HA

o]

o,
fd
ol

b

( &’?—4
K

i o2 o

@ rlo (.
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™, o] amifostine®] &3 F=¥H G2 A7} ps3y T
-5 Lpebdith. Amifostines T3 ps3-5HA HRE T
3l p21 T Ao #tdS K==, amifostineo] |3l
i G2 BA7F p21 ST A QlE oA, A
AR p21 AL Cde29] 2iHEE AAE A G2 AA
& Ak Ao2 B 31% UK (Shapiro and Harper, 1999;
Smits et al., 2000). MMR Z& A ¥4 MNNG *&] ¥
G2 Al 7] AA B AEAPE S FXI8F(Davis et al,
1998), F-AFSHI, 6-thioguanine 2] ¥ MMR & A3
A G2 AA7F HH A tHDavis et al,, 1998). o]l Rk,
EYe =Fo) 6-thioguanine> G2 HA& FE3HA]
23] MMR =5 AlEoA Gl BAE =ik Al
F719] G2 AA AAEJNEE AE7F DNA EUx|o] &
T2 AEsta E9o] ¥ DNAY HAZ WA s
5.8 = Utk DNA &4 gt ¥h3- 02 ps3t p21ol
ol SAIE G1-S WAl w24 Frk Hell= MLHI
o] A% QI TY MEFTIE cisplatin A 27} G2 A2
F7] Aol TAsHA] Hoh= AR HILEATHDavis et
al,, 1998). MMR©] DNA EJX¥ut o}l DNA $/g0]
AAE W NE BAE Agehs dAAE #HAFHS 9
v gk},

E AG 437} amifostine> p53+ AEANA Gl AAE
dozlom, o= Gl AA7} ps3 SlAI} A AeS
YR, p53+ Al3Eol A, GI 4]} ps3 T ] Fies
S5 amifostine =% AJAF §- 24417kl Harzel] &)
w], o] amifostineol] 23 F=E Gl A7} ps3 24
A2 AEA gk FAeIth ps3-¢l MMR+9} MMR-
A329] 74-%- HCT116 E6°] 73-%- ¢F1He] Gl BA|¢F GaM
S F=3k WA HCT16+ch3/E62] 5= A 7] AA|
iz R A= e

Amifostine= MMRZ} J#glo] p53+ A3E<} ps3- M2
RFo A p21 Tl o] HES FEPAINE ps3+ Ao
ATk Gl AAE doF7] wliol], p21 thjde] wkgnto
2+ amifostine®l] 2|3 G1 AAE AHstr]o] FE3}X
eFSITh p21 FrIAke] ArE e A 9ok, ps3 &
A2 p27Kipl ¥ p57Kip2<t 22 CipKip #d&] <] 3f
& dAs 7Y ke A AANE 2dshe 2o
2 W E I CHFeng et al,, 2012; Shapiro and Harper, 1999;
Smits et al., 2000). p21 TAZ} vpR7EA] 2 p27Kipl T
A7} p5TKip2 AL Alo]Ed E-CDK2¢}F H3HA1E &
g8kl CDK2 oA B Gl AAE FA o= sloz A

%1 tH(Feng et al., 2012; Shen et al., 2001). ©WE}A, p21 T
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