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EE T ABEME DNA SBEEEER MSH2 RIAR SN

BEE T, o wat T, Eat, 2wttt KBRS, B
(1. P EBEAGU AT, 22 730000;
2. ERNE R B TR AR P R, 22 730000;
3. HN A T 7 R AR A Be 22 N A TR A s B0 =, =2 7300005
4. PEFREERRSE, bRt 100049;
5. HN A ANRBERE, 20 730000 )

WE: RAGKRELAEE(LET) % T4 E A H®SGCT01 40/, NMARXNABEEA. &Zaf ik
£ (Western blot) & K # R &84 X R 5 (RT-PCR) W Z £ 7% 5 A H & SCCT901 4 i )& #. A
TR MSH2 kK kM. SERKXW: HxrBAML, SGCT901 4 Mo 48 41 )5 72 h G2/M ¥ B 5 48 ffg th
% (33.26£0.08) fE =% (24.16+£0.64) H3A 2|5 E, HE R ERGMER I, ZEHFELE, DNA RS

B HFE MSH2 mRNA fnEH kA KFEG6 h & 5.

ZRET EHTEKRINE T SGCTI0L 41 it & H MLt

FET, HEHDEHNEERBERNY, EETFE— AN EREET, #57 SGCT901 M MSH2 3 H &
. DNASRBGEEEH MSH2F 655 7 EH THEEF T & A DNA Hifs 068 £

KA WA, EBRTR, MSH2, XHEKk#%
FESES: R73-3 XHEkFRERS: A

1 3

jillf3

"R TR FH P 555 2 R P SROE N A P 7 2 1 51 e B
REE 3 IN AR ECE R, 6 g 8 0 B s A8 —
M AGER, 1 2 i T30 4 A T Bragelé, fig
AR AR T IR, AT AT 2 CR o L1 et
A, SRR oY T B,

DNA #5823 K (mimathcerepair, MM R) j&—
ORI KN, HA1BE DNA BEAT. 1%
SRDNA S B STk, o FE 5 DN A S PR R BRI B R
RAZ )Yy fite MM RAE1E S DNA 546 F8 o i 4 i
AP R AR M DR 208 Rl ) 434 b B A T AR A
MM R & — R 5 18 52 DNA BRI IC 6 7 1
YUk, RE1B AP R 2 AT S DNA SRR AL, /b Fr B
FHNBLE R NI TE BEETE 20K DNA #5475 R DR 45 4
S, AR SEE R A MR . PRARIE R R AR R, R
E 38 A% A B R R My T e 3 T A B, 7R LUAE
T5E A AR R PR K W o A T A T R I R R
MSH2 fI MLH1 25 K 2~ MM R, 58 K%
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)7, MSH2 & 115 MSH6. MSH3 & 1143 51 JE it ¢
TR hMutS-o fThMutS-p, m RGBSR 25, IF S
HECA A G AW, N EaisEiiiE 2. cAat
I7 26 W] 1 9 41 23 P A7 MSH2 #4635, 36 ) DNA M MR
FE B A R AE . JRIFST, TBUALIT SR T g
5 MSH2 47 5B=9, B Aoy 4% 497 b 988 1 st B 2 5 £
X DNA 44, AR DNA & & RS, eA
B2 Z 8 DNA, AR 4AEH T, MSH2 2
TEAEM, AT ARHEEIER, DA TR 3740 5 4
M5, <5lEEMKDNABE, HArwALRE. o
DARFSY I 2755 A 0 DNA BEWT 24 K A8 ML, o 53
TR EEWE S ARSI H &S T4
HECFS 9 40 il 3R SGCT901 40, Al L0 MSH2 3K 1)
SR, A TR B VAR A AN T A VA U R T AL
OETFL7

2 MRFNAE
2.1 YA
SGC7901 40 g FARF 330k 10% /N2 I3 FTRPMI

EEWA: HRESIERITT R R R(9737 %) 55 H (2010CB834202); 5 H ARl 3L 4 % Bh 3 H (10835011, 10675151); HiFE EA
BHEE U H (0702NKDA045, 0806RJYA020);  H [ERF2= B VG 2y A A 5350 R0 H (XB106012)s  HR & RHE s #H
B0 (1104FKCA155); Hili 4 AREHEIES 51 (096RIZA030)
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#5013 % [H 9855

TN B A0 DNA 55 52 3L IR MSH2 Rk (1) 5% - 111

1640 Br IR K597, B IR 100 U/mL 5 % % 1100
ug/mLE R %, pH 7.2, 1£37°C AFECh 5% CO2
A R LS R

2.2 BBHTEMH

O RO SR T o R A B A B R
JT HIRFL-CSR 2 ' 1) 9 50 i e 3 29 11097 24 om 10E 4T,
WA 12C B TR SR o 4IRS, TR 0.3
Gy/min, LET }j 44.56 keV/um, 4il fg W 55 5 43 5l
/&0, 0.5, 1.0, 2.0, 4.0 Gy.

2.3 {HARIEENE

WO B KW AN e, 4%45 40 25 x 10*/200 pL #EF
96 LR+, A E4LE 10 NI, 2T 0.5,
1.0, 2.0, 4.0 Gy &Y}, #5772 h)5, MTT LbEEN
JE 4 G GE B8 ), 2 Dh Bk B 3 Bl 4% 1 (RT-2100C)
F-490 nm 4bW & Y6 % FEAE (OD fH), WHHE-F¥ME, 5
H A AFE R, DARIE A, ah IRAi e ok Al 2l
-V, 2%

2.4 RIHHRESG E LR E B KR T

T AR % AN TR ) & f 0 JS, 24, 48, 72 h
1) SGCT901 41 B4y 1 x 10°/mL, PBS Vi, 4 °C i
%, T5% SWEIE E R A € a4 i T PBS Ue vk,
JFEET & 0.1 mg/mL WAL N BE T, JHR A4 A 2>
Hr. 7E DNA H 57 F GO/G1 HAZH M it B — AN —
TR AN I 5 SO U T 4 L 0.

2.5 Western EJifFi%

SGCT901 41l fitd (1 x 10%) #ehh T4 it rpr,  FH o 2
T 4.0 Gy By 5, f£6, 12, 24, 48 ht&Ednif, 11
UKPBS bk 2, #SL40H lysis buffer 50 pL %5 & iR
F1 (40 ug) 7£ 15% SDS 3 I8 45 Bk Jic e i vh g o3 25, JF
MU B R AT 4 2 0, MRS Adn B AL B, BYHUH
NR/NBINC i, 2B KRBk L a)E, HLLTBS ¥
i1 5% MR I My fE =B 1 h, RE5H—ditk
PN MSH2 HiAk (Fike 2 1:500) K actin FTIARE 7 (Fik
£1:1000), 4 °CxLi, A 7 #h 0.1% ik 20
) TBS YEiivt 3 i, H 5 EHi e —Ht (Fk 421:5000)
WE, DABOR S S A 5 (0 Ak 2 RG24 2R
B i B G R G i e AL F AKX EG
Foak Iz I =1 Y 4LV AR IR A ) A B
L PRI AKBEAE)] % 100%

2.6 RT-PCR

SGCT901 41 fu(1 x 10°) 4 Fh T 40 fu i p, &%
F& T A B4y H10% RPMI 1640 57 77 W,
fE6, 12, 24, 48 hWr 4L 40 M, H trizol i 7 $2 I
ERNA, i —  %RT-PCR ik A & AT 08 % %
B, RN AR FR & IO B PR S X
ANMSH2 2 K 514 Fif: 5-gggecgacttetatacge-3" T
it 5'-ggtteggagttgggtatgt-3" 55 — X 5] # A4 A B-actin
IR GIY: . 5-gtgggcatgggtcagaag-3’ Fiif: 5'-
gaggcgtacagggatageac-3’ A 444 4 42 °C 30 min, 94

°C 2 min, 94°C 15 s 28 fi#, 55°C 30 s, 72°C 1 min f

Ja 5 72 °CHEAH 10 mine RT-PCR “#7E H EB %L {4 1)
TR e e b oW g, AR DL A ST mRNA R IAH)
TR PR = [1- (5 YA V- I AH S IR P AR ) A G 1
PIRENS I EAR)] x 100%.

3 %R
3.1 HEERN

SGCTIO0L 4 L T2 27 M4 AE 518 W AUBE & AT Woxy
W2 20 M RE 2R K R bf, REJERZ B, HAGREHT
N, 2 BT AL E A AR AR 0.5, 1.0 Gy I,
MM B SZBAAN L, HEER MAw, 2.0, 4.0
Gy B KR40 [ 8557 MR W%, iR/ Bist
BB O R BEREIRIN TR I, A A, D EE AT
WA NS, ke EAT P, BESE RN, BV
AWk i IbZ S e EAN
3.2 {AREIEIEERAYNE

28 MT'T LU (3200 e 4 f 3G 58 68 7, 1490 nm 4
Wiz ODAE, WHALIFIME, AHAMRANE R I
W o LT S R 38 00, 4 A 0 28 B RAIG, LA 4.0 Gy
I PR W 2. B 1 TR,

0.7
0.6
r\__\i
ﬁ 05 T
® 04f
a
03| T
02}
L 1 L 1 i 1 i 1 "
0 ] 2 3 4 5

FlE/ Gy

Bl 1 RSN ek
B L =R 1 mean+SD, 4.0 Gy 45 H B HAM L,
P<0.01.



-112 - [ S R 7/ B N I 7 P32 %

3.3 LA AG I, G2/M BT &40 L AR A J2 24, 48 hé i,

I H 4.0 Gy B BT (W& ), Ui 4.0 Gy

WA A AR I B 37 6 SGCTI01 4l e ToAE EE RS S, ATE SGCTI01 4 i K il R T G2/M
&5 R R, 4.0 Gy 410 SGCT01 41 i fE 72 h I W1, JRAEBEA A M gs T R .

* 1 EBETRETENEMBEAPHTN (% Ttxs)
5 241 S5 3

ZH 5 T
7’] Go/G1 S Ga/M AC#
X I 46.21+3.39 9.26+2.73 11.08+0.92 0.83 +£0.34
24 h 43.93+2.78 10.56+4.12 12.584+2.90 1.08 £+0.33
48 h 41.34+4.04 14.0243.42 25.801+0.07 13.56 +£0.91¢
72 h 36.14+3.02¢ 16.06+£2.48% 33.26+0.08¢ 24.161+0.64%
a BUARE 6 TSI I RERTAESE P < 0.01 R0t ALY 24, 48 h 41HILL.
3.4 RT-PCR il mRNA By%KiE A, Uil cDNA EREEMIFE. 0 F0 2 TR, 4.0

Gy B MSH?2 FIAAE G 6 hfsemy, BRI ST
RT-PCR VEK I #2041 iy MSH2 mRNA £kt K, REEH T, LR 24 h 5K E 200 41K
W, LA B-actin N B KK, WK, B-actin A=EAMH P, ZRILKE 2(a). 2(b)s

0.7
06}
05F mRNAM FE 7 Hr
04+
03+ : Z
02 e
0.1H

0.0 1 1 1 1 1
Ctrl 6h 12h 24h 48 h

st i)

a (b)

RT-PCRY™ 74 (a)

mRNA ] ¢4 (MSH?2/actin)

2 RT-PCR ##r & 7R EA R 5 MSH2 mRNA R &494T
AT = IRSEH ) mean+SD, 6 h 5HALK AL MSH2 mRNA F£ikiE, P<0.01.

3.5 Western ENEEE#N & B Fik 4R 5 mRNA [RIEEHBMELL #£4.0 Gy H4HE,
6 /NI R IL By, BEIN S N R RSE G, RAB BT R
I Western ENZEJ VAR A FIKF £ MSH2 I9RiE XK, 473U 3(a)y 3(b).

0.7
E s} : ®
ing ko il (a) 3] " . . .
Western blotting i | MSH2 1% _§ sl I MSH2ATA 52k B
2 o3} ;
MSH? A————— |
é 024
Caul 6h 12h 24h 48h d o[
0'0 1 1 1 1 1
Crl 6h 12h 24h 48 h
Fisf ]

Kl '3 Western blot A&l T 25 -7 B I AN [R] I ) MSH2 25 [ 3R0%
HHRARE =KL mean+SD, 6 h HILALKS ) fiAHEL, MSH2 Z 1% IA P <0.01,



%1 SRS, TR T A R DNA R 15 57 55 [l MSH2 461 1 50 113 -
4 g BT G2/M W1, HPEBEE AN T2 R A, XA

T 9 A TR L R 2 —, R 10 T A
EIOT RN 25.12%, A5 MBI b S A iR
MRAETFEL—ANEKK. 2L B, ¥ k24w
R DR S R R R ) 2 v E R B e YR T AT LA
AHE, BEEKES B LR b, REFAR
Bles, ML B R A e M4 (NCCN) F7 5, 80T
SEHATHE R M EZETFB, T LLERR S 0T T R
SRR BEA R AR O I )

T AR — PR S VR YT ik, @ T
Je R AR HOM R YA YT (s B R S AR ), AR
B EL, AR BT ORI, B BEAR (AR AR
Y230 (RBE), AU E i 52 I8 10 58 X N, 33 11
YRR LR B A LA 5], AETFE K AT — > Bragg
U (RE VTR X)) FEMMIR VR YT I o] LU 5,
R RS T SRR A g R A i A AR
IR () FR e BB AT, X PR BE S UORR AN (R 2 e S R, 3t
AT IR BN g 1 B K A 3K

DNA AU — KBRS+, Rtk
SR, R AR A T | B R i .
AR I B Rk I 1 (R BE F A DNA 7= A2 %
Bt Horb W2 (DSB) J2 48 5 T 8028 M 280 v fe
EER R, W45 1 DNA GER# ERiisE, %
REGER SR, AR, —HiiR: DNA
S HE T Rl FH T PTI98 240 R0 O 9 O [ T
Wkz 5O,

ARS8 R FH 2 AN )R R AR A e SGCT901 4
M5, B IR ), 2 MTT Ebfayd, Wl 40 i i
FEREJT, WLEE B BE 4 T B N, 40 A R
B, N RAFIE LI UE S, SGCT901 4L 4 Gy
THE, ARG 72 h, 55X AL T gl i A7 s R
T 50%, WIS 72 h, 4 Gy Al fgE SGC7901 4
JpEoe s a4 A DNA &8 428th, &
L2 B TR IR SGCT901 4/ 72 h G2/M HIFT v
0 0 bl AR A0t HAZH W S 0 vy, D)8 T A O S A A

B PURARAE T B . A SZI0E s 2 A0 a2 3
T HR ST MSH2 SRk 7 A 5 6 hfmemy, BEMUN S
I TR (A, RIR BT B R, ARG 24 h JE Pk 2
FHTRT

5 2518

ZE L PTIA,  FE T S R A AR R A ) R e 40
Moff 36 hE; HEAREERS HHENE, HIG2/M
BHAY, A0 MO TR, HEMAE I G2,/M 3 BH A s 4
Fraa AT, sz E A, A Redi AT A RE
SN T; A8 SR T B SGCT901 41 fiu i,
SGCT7901 4 g s MSH2 [f)kik, JFH 6 hik#|mig,
24 h JEEEARWS R ILL KT, W MSH2 M RES 5 T
BTSSR DNA 818 N E, AR EE T
WA AL BUB PR R AL T — o B AR

S
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Effects of Heavy Ion Irradiation on M SH2 Expression in
Human Gastric Cancer Cell SGC7901

MIAO Guoying® % % 5, ZHANG Hong" % % 4, LU Qiming®,
LI Hongyan® 2 * 4, DI Cuixia > % 4, GUO Yixiao®
(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2. Key Laboratory of Heavy Ion Radiation Biology and Medicine of Chinese Academy of
Sciences, Lanzhou 730000, China;
3. Key Laboratory of Heavy Ion Radiation Medicine of Gansu Province, Lanzhou 730000, China;
4. University of Chinese Academy of Sciences, Beijing 100049, China;
5. Gansu Provincial People’s Hospital, Lanzhou 730000, China;)

Abstract: Human gastric cancer cell SGC7901 were irradiated with high linear energy transfer (LET) carbon
ion. Apoptotic cells after irradiation were analyzed by flow cytometry and expression of MSH2 genes in the
irradiated cells was detected by western blot and RT-PCR assay. Compared with the control group, we found
that the number of G2/M (33.26 +0.08) or apoptosis (24.16 +0.64) of SGC7901 cells reached a maximum after
irradiation at 72 h in a dose dependent manner. And heavy ion irradiation efficiently up-regulated the expression
of MSH?2 gene at 4.0 Gy after being irradiated 6 h. These results imply that heavy ion beam could induce cell
apoptosis and cell cycle arrest in time-dependent manners. Furthermore, expression of M SH2 genes activated
by carbon ion irradiation suggests that DNA mismatch repair gene M SH2 might be involved in DNA repair
pathways.

Key words: cell apoptosis; heavy ion beam; MSH?2; gene expression

Received date: 12 Mar. 2014; Revised date: 22 Apr. 2014

Foundation item: National Basic Research Program of China (973 Program)(2010CB834202); National Natural Science
Foundation of China(10835011, 10675151); Scientific Technology Research Projects of Gansu Province
(0702NKDAO045, 0806RJYA020); Western Talents Program of Chinese Academy of Sciences (XB106012)
Gansu Science and Technology Support Program (1104FKCA155); Natural Science Foundation of Gansu
Province (096RJZA030)

Corresponding author: ZHANG Hong, E-mail: zhangh@impcas.ac.cn. LU Qiming, E-mail: lugim@163.com.



