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[(HZE] Hm BIEAEPE N CArG/SHRE + HSV-TK R G4 BN 7] A4t C6 BRI RCR , KA JJ 44 %
JBE 968 % A0 A B3 L HE DUEI CAYG/SHRE + HSV-TK R 46, Jiik 78 Wistar KBTI N C6 Ji By 188 0 A JE il I, 4
AN[E)#E V1%L CArG/5HRE + HSV-TK by ( 75 Bobi 4% 4 + 430 JJ Bt 41 (HSV-TK + 4135 JJ I 494 .4CArG/5HRE J3 8+ +
¥ 7] B 5F 20 9CArG/5SHRE Ji3 2l F + ¥ JJ BRSS2H (12CArG/5SHRE J3 8l + N 7 RESTAL) |, 38 2 fig o A s 4 38 R Lt
VAR e 2 2R b Sk e 2 2RI 0 S S A RHR T i BROR BRI 2 21 3 s o R 2E 4 0 L 9 A At 9 T VHSV-TK
mRNA J2 25 1 3R 3A IULEE , 1 2 AN IR #8 DAL CArG/SHRE + HSV-TK £ Gedf B s 7] 53 HSV-TK ik K Xf C6 Jit fyd A
s, BEMY &4 IR A0 B X AT L UR T BE SR, CAYG/HRE WU 31T + (D JJ BE AT S B & (P < 0.05) , Ji L
9CArG/5HRE JH 31 ¥ + N T RS R o8t M T-2 4 (0. 71 £0.12) % (P <0.05) ; CArG/HRE X5 87 + N JJ 1R
2 HSV-TK mRNA K85 [ 3RB BTG 20 T4 W w3 (P <0.05) ,9CArG/SHRE Ji3 31 + 55 77 RSk 4 sy WA Sk,
HSV-TK mRNA f{AH%T 5k 4 (0.84 £0.09,P <0.05) , &5 1F SRS J&¥7F 5414, CArG/HRE RS 8 FRefL it B it 3
HSV-TK #3235, 3%t CO e By 4 i) 75 4, Forfr ,9CArG/SHRE XWUE 3 7 M /E I W 4k o

[x#W] CAG/HRE;HSV-TK; i i ; {¥ 7]
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Cytotoxic effect of gamma knife assisted with different copy numbers of CArG/
SHRE + HSV-TK system on C6 glioma cells

Yao Yibo', Xu Minhui’, Geng Mingying2 , Tan Yong3 , Li Feipeng2 , Shen Guangjian2 (' Department of Neurosurgery, People’ s
Hospital of Linquan County, Linquan, Anhui Province, 236400 ; *Department of Neurosurgery, *MRI Room, Institute of Surgery Research,
Daping Hospital, Third Military Medical University, Chongqging, 400042, China)

[ Abstract | Objective To determine the cytotoxic effect of gamma knife assisted with different copy
numbers of CArG/5HRE + herpessimplex virus-thymidine kinase ( HSV-TK) system on C6 glioma cells.
Methods Intracranial C6 glioma model was established in Wister rats. The recombinant plasmids with different
copy numbers of CArG/5SHRE and suicide gene HSV-TK were artificially constructed. These different recombinant
plasmids were transfected into C6 glioma rats with GCV injected abdominally afterward. After Gamma knife,
tumor tissue of rats was collected, and then the killing effect of the tumor was decided by conventional pathology,
tumor cell apoptosis and the expression of HSV-TK gene. Results The destruction and apoptosis of tumor cells
were observed in all group, and more obvious in the groups containing CArG/HRE promoter (P <0.05),
especially in 9CArG/5SHRE group (P <0.05). The mRNA and protein expression of HSV-TK was increased
significantly in groups containing CArG/HRE promoter (P <0.05), especially in 9CArG/SHRE group (P <
0.05). Conclusion Under stereotactic radiosurgery (SRS) treatment, CArG/HRE double promoter signifi-
cantly promotes the expression of target gene HSV-TK, and enhances the killing effect to C6 glioma cells. The
effect of 9CArG/5HRE double promoter is identified as the most significant.
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B R ST ARSE 1) T AR R (stereotactic radiosur-
gery , SRS, B 4& ¥ U, X J1 45 ) & K& T B
WEhEIT b EACRIE AR B A RaE B, A
BEDA T RREOR (e 200 i 355 A 2% 2 A s e 4%
DRI, AT SRS Xof il g 9 & 00320 5 i e A S Sk
SN LD R 3 F CAYG B/ Flk S U S 3l 1 HRE
DN 52 BT IR T i e B ik I R AR IR Y T R
IO, ik, MR SRS f R A5, ASBIE ST A A [F] 45 DL
By CArG I A SR A B HURKHY SHRE $5 D1F 44 st s -
BRAESUURE IS 301, £ B T B4R 2 9 B i T VR
(herpessimplex virus-thymidine kinase, HSV-TK) , Y %%
FC B A T 355 Co U RIRCR , B 7E A 4% SRS
6T SO 5 30 A4 3T B S 34k

1 RS

1.1 =244

X JFoki CHSV-TK J5i k7 S A [5] #% D1 %% CArG/5HRE + HSV-
TK ARG8T TR A Al IE %2, C6 I 5 4 i bk 1y
A PR BT, 1. ST BRE SR M UG 1] T2 7L,
1 [E OUR-XGD i35 7],
1.2 ER%sHHhBE SN

30 H 1.5 A3 IEE Wistar KR, 445 & 200 ~250 ¢, H
O = AR R BRI e B AR MRS T L s . Y N
23 OB Y + i 5 ) B 54 HSV-TK + 435 7] B S5 2 |
4CArG/5HRE J3 3hF + ¥ JJ B9+ 4H 9CArG/5HRE J3 3 F +
NF 7] BE 5T 2 12CAG/SHRE J5 3 1 + {35 7] A 5 4. KB
TEIRRI A B 4 A P01 RN G 7 5 41, 4L 5
1.3 B mER G E S

Wistar B 1% 1% B b - 8135 40 mg/kg [ ¥ 1 56 JRR Y I
W T r AR 4, B9 25 3K TR &, TR 1 2 00 75 12 kU
FEHR T, TR E— K25 1.0 em VI T, 4385 5 ik 2 %
AT, BORGRT J7 1.0 mm, [ 4755 JF 1.0 mm, 5L Z B, FLA2
1.0 mm. BV S A% A WS I A0 40 B W 5 L, T 1 R
FEREBER 2 mm, FE A MBI, 5 S min, DU R
PR, 24 A 56 M. AR TS 3 MIRT ibed WL B2 485 3L, T 1
G 13 d PEATSCER
1.4 F 20 F 45 4% J Y 98 BT 98 69 Am 35 7] BT

TG 13 d, SRR OB R HERE R B8 2 M TEA
AR 20 WL 5 iR FRRLRIE R 10T 5, 18 8 4T i
BT, A R IR I . BE LS 100 my/ (kg - d) K
TR SR LRI S HE (GCV) , B, Y5 3 d, 5L
BN IE E T N 2 B R AT MRTSE {37 B i e 9 40 55
T o ARG R 30 Gy, IS5 15 Gy, MRETSERE, 3
YIT 28 °CE A SRR, /3 51 5 o
1.5 #nld547

WRSES 3 K, TSk 15 RS, TR UK 4140, KAWL ¢
Je Tk B BV A S 4 MR 4404 B AR AT TR
55— B 2 AU BE K A7 L

151 HRwEe
WLEE e 4 i A4k
1.5.2 My gu KR JE 7 TUNEL ¥, A 84 B i
I KAk, | AT K 154k, TUNEL J W F1 Streptavidin-HRP {0
IEE ,DAB W, SRR B Y, R ER I, B ES . B
MLIEH 5 D HEE B S A58 ( x 400 ) LB, T 5008 T e 41 i 5k
5 e 20 M A B, SRR TR R T R A R g A i
x 100%
1.5.3 HSV-TK mRNA [y ik SR FH Sybr 2% 9% 5 B S2 it
PCR U, Trizol $2HCE RNA . 336 %% S i R4 i ) 6 1 B 43
Y. HSV-TK A 37514 :5' -CCGAGCCGATGACTTACTGG-3',
TS 4 :5'-CGCTCACGGCATAAGGCA-3", BBy A /N 162 bp; 4
%y B-actin, |2 #): 5 -CCCATCTATGAGGGTTACGC-3',
W581%47 .5’ -TTTAATGTCACGCACGATTTC-3", B Bt K/ 150 bp,
il & it PCR WK R, PCR & F5E .94 °C 45,94 C
205,60 C 30 5,72 °C 30 s, fGFF 35 U, 72 CHEIME T o MRAEHT
5 CUfE, R A 221 H B JE IR AR X Rk
1.5.4 HSV-TK &  RAGAEHLE = Western blot £
W GREH L2 R A S-P ik RS IR 15, Western
blot ¥L AR U - SR AR 0 i R AR 1 50 peg/mL
#1T SDS-PAGE Hi%# 2 h,SDS-PAGE 43 8 5 By BEI h 2 1 L
KBTS B RH R 2T 4 2% JE I ( nitrocellulose filter membrane , NC) ,
NC R AT P = 0 B FE K 1 h, SR J5 5 NC RS AR BE 1Y
HSV-TK $ii&if 4 CHFE TR, A TBS Z& ph i PEAE 5 min x 3
W, T NC R A TBS L 1: 1 000 # B 3£ 0 % 1sG-HRP
THUERNFE 1 h ECL Ak ROL R G R . BER ER AL R
LA B AR I K BE M .
1.3 %itSoM

BHELL x =5 2R, R SPSS 10. 0 e it #4740 ) L
LR L

2 HR

AT AL HE B B R, BT

2.1 FAREIK

5 2L 6 240 24 A [ R B P AR 43 A T A g X
S, 57 TORLEE YL + (I ) BEUR ZH R HSV-TK + i3 JJ Btk
LML, 2 TR DB CAYG/SHRE BUR 38hF + 1135 7] IR 5t 20
20 M HE S SE A, AR BR R 3 2, o L 9CArG/SHRE J3
BT + N3G ) BRSSO B R, s R G + N3 ) R S A
53515 HSV-TK + {35 J] W8 4341 (4 CArG/5HRE J5 3 F + {i3g
JIHSS 4 12CArG/5SHRE + M35 7] BEGH 2 th B Al 22 AN FH B
(K1),
2.2 MrEgminA T

25 2L 20 L 49 SR AN [ R B B U T, 43 A 1 A e X
B, s FUREE YL + NS JJ BRI 4 AN HSV-TK + s 77 Bk 26
FALL, & A% DUEL CArG/SHRE WU 3l + A3 7 HE 55 24 i
JEANEIA T W] B4 AN (P <0.05) , H 9CArG/SHRE J5 3+ + fil
T4 7] BRG] 25 T 4CArG/SHRE J3 3l 7 + 4135 77 BE 55 4
M 12CArG/SHRE J& 8§ + IS T BG4 (P <0.05) o 25 kL
UL + fiNE J) RO 2H 5 HSV-TK + {3 JJ B 4 L 4CAG/
SHRE J5 3T + ¥ J] B 540 5 12CArG/SHRE + {1 ¥ JJ BR 55f
HILBAHZEA R (P >0.05,182,% 1),
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W LS,

Aer s s S BES IR Ay (Teatie
T R R )

A d o s S »‘-i’.l»’.’t.CAE&p',{"‘::.'f. Fo kot 0ale.)

A RFFAEY + 3D ] BBAT; B HSV-TK + 3% 7 440 C. 4CArG/SHRE BT + w2 77 BB4H40; D: 9CArG/SHRE &3

F o+ B4 ; E . 12CArG/SHRE B 3hF + fin 2 77 BB 440

e
A ALY b
b5 e
S s

vl T

B2 BHXRSAKRRBEMBTERL (TUNEL x400)

1 ZAMBET X HSV-TK mRNA & HSV-TK EH
FRIEMIEEB (n=5,x%5)

i AT % (% ) HSV-TK mRNA  HSV-TK/GAPDH
Z Z i ":} 3 0
LRSS HHE K
Z R eR + 0.21 £0.06 - -
¥ 77 B S 2
HSV-TK +
0.23 £0.08 0.25 £0.07 0.37 £0. 10
A 73 BRI £
4CArG/5HRE J33hT +
0.39 +0.072 0.65 +0. 08" 0.74 +0.03bc
A 77 RS2
ICAIG/SHRE 3T + 0.71 £0. 12 0.84 £0.09 0.99 £0. 11
.71 0. 12# .84 +£0.09¢ .99 +0.11°¢
s 7] B4
12CArG/5HRE B3 T +
0.49 +0.072 0.73 +0. 05" 0.83 +0.06"
A, 7] B4

a:P<0.05, 5= Fifsdk e + 3 77 BB 540 & HSV-TK + fhe 3%
7] B4 ;b P <0.05,%5 9CArG/SHRE 23 F + 1 77
BAFLA 4R ;¢ P <0.05,%5 HSV-TK + #n3h 77 18 4340 1 45

2.3 HSV-TK mRNA # %A

23 JFORLEE Y + N30 ] B 240 R 00 HSV-TK mRNA [ 334
HSV-TK + {in¥4 JJ f 2 UL HSV-TK mRNA /i 3635, & R A48
D% CArG/SHRE JH s T + NS J) BB 2 W & (P <
0.05), H 9CArG/5HRE Jii 8l F + {34 JJ M 5 41 B & F
4CArG/SHRE + {iIl ¥ 7] J& 5} F1 12CArG/SHRE J3 3 F + {35 JJ
HASHZH (P <0.05) ., 4CArG/SHRE J& 2% + (i35 7] B 5 28
12CArG/5HRE JH 8T + {35 JJ JE 5 20 [A] W AH 22 R BH 8. (P >
0.05,%1),
2.4 HSV-TK & & f£ C6 J&JR J5 4048 F 64 Rk KT

Western blot #6;i 25 5 7R, 25 Fokr &% 4 + 3 JJ e 5 4H
AL HSV-TK 2K [ A9 %3k, HSV-TK + {3 77 B 5t 41 L 4 &t
HSV-TK mRNA ({3535 , & AS[Al$% U5 CArG/5SHRE J3 3 + 1l
7] WS A e 2 B (P <0.05) , H 9CArG/5HRE Ji 3l +
¥ ] RS20 B Sk 55 T 4CAYG/SHRE Ji3 3l + 35 77 RSt 40
F1 12CArG/5HRE Ji3 8l F + /¥ JJ BT 41 (P <0.05) . 4CArG/

SHRE J5 8l + {35 77 B GT 4L 12CAG/SHRE Ji3 3l 1~ + {35 )
TS AR 22 B (R 1K 3) 6

GAPDH(36x10°)—

1 2 3 4 5

1: BRAHE + 3 7] B4R, 2. HSV-TK + fin 3 77 J8 4485
3: 4CA1G/SHRE 23T + M & 7 B4+ 415 4. 9CArG/SHRE B3 F +
fw i 7] B4 5 . 12CArG/SHRE B3 F + iy 77 BB+ 4a

3  Western blot #& il & 4A kX R HSV-TK & QI FR %

3 W

RIRIR BOH RT7 1 D B PE 25 53R )T
Bz — (AR m B E A CE A e B T
ZAEH . SRS ARG IR BoR Mt — 2 ke N
Fr R R RS/ N AL TSI T R, B
KA T B 6T . Aad, i RSB A BE,
SRS LN B B BATT AR UG BA AR o Sze-
ifert 2 BT RORF R B AMERAYT R T TR
T 5 440 MR8 B 1 5 60% ~T0% |, T 25 % 3 i 9
B P AN 14 4 H S FFEAAF RN 25% .
XFF SRS RS TR RO AR T Z SN, AT
A O—LEBAERE 2R MR K IR T R i A
K SRS IR HOARIN, A A BERE S B 1 JH] il 1 At
U2 ARGR IR, 3000 — S S B0 F15 200 3k 34
G 3 (D)2 4 S A — 28 Ji PR ol — 26 fir 98 240 J0 X H 2 8
S BAT R 2 IR , 10032 F R 2L A R R S
FAHE A Al RETCRR 3G I — Ay, ax sk 5 2R
SRS HARZA By Bir e e iz, 5 22 A 55 =22 36 NE 19 i B 7
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WA . Niranjan 257 W8 & B, SRS & 4 TNF-a
FE PR B A PRI 7 R R A 1 i ot B 240 e P 3R
WIS 47 T4l ) SRS 35, R WA AL AR HOR,
A e 4 L 1 5 1 A i PR 8 g 245 493 R = 1 % e
JEPEAT R R, R — B 84 SRS B BIAIT HR
ANV HEARAFAE 2 5 7 3o R e 38 A 42 14 [n) R, B 6 5
FERAERE A 2 Ak KB e MRk .

CArG 2 RV Z1 1A 356 R 3 i CS Ut oo
HA PS4, A0 CCA/T6GG ; HRE Sy it
SRS 38 T, A0 O TACGTGC, Bl i 5 it 4
BT T AN A 1 0 PR R S A S T
WFFE R IR . e SR IR BT IR YT, BT IR A
7 R S R i AR A R i A CARG 5/
HRE R B F M RE AN FZ¥EHMNE
51 %) SRS i, M CArG/HRE Bl 4 4 sk
MURSIFH G, KoY, 58 @ 7 AN A, SRS &5
YRS, A SRAE ] CArG 5 31, Tk = K B 9 30 8%
PRI 2R, filt 5 B D DR 1 v 0 3R 8 M DA A T R S 2
SRS JAYT HI G FREAFTE W BRI 2, FEBEIR 7 B[R] )
FER IR A HRE J& 2l —F W ] 7543 A1 A % —
R R (1 2 R G B L PR ik I i i I R R
AWFIE & B, S AR $E DL CArG/SHRE XUS 31
J&i , 7 SRS IRYT 45 F T, H 3L HSV-TK [y 33k B i
BT o R SR A0 A A A At ) S A SR T A
W, SRS MMAGAITHR AL TR & . A Uk IE AR
% CArG IV & M5 H , o7 LAB 1R 3 S 2h 15
TG A AR 5 ¥ D1 HRE () B 405 50 1 I
B MR DUR CAYG/SHRE fYRIFST 45 6
B, 7E SRS 45 ,9CArG/5HRE J7 gl 1 + {5 JJ i
SRS E 32 DR (1% 358 R0t b gg 20 2 5495 I S A
T 4CArG/5SHRE J3 8+ + {35 7] BE S 21 A1 12CAG/
5HRE J7 87 + {4 JJ BG4, 1 4CArG/5HRE J3 3
+ + 43 ] B G2HFN 12CArG/SHRE J5 8l ¥ + i34 )
HESF AL TC A 8 22 5 o AR5 Hhou) s 1) 25 40 0 ey
FlBf CArG 5 DUER 8 T 20 257 14 5k, 4000 i PR (DA 522
B, X R ) A ROR R B B R R R R R A )
TSR R 45 2 5 (@) 2R S5 TR 3 1 7 b g 41 41
(14 22305 T 2 2 1 IR I BT A R, iR 4 2 A A
0 TYOR SA ANRRER AL FE R 1 B AR R R R A B
RIS T A T JE AR S B B S R
IRREE. BT SRS BT A AR BAAE B 22 AR K, Al
o T3 TSRS A B AS ()% g 7 R A RICR AN [ P Ut
X255 BB T A 3E % U4 CArG/5SHRE )3 3))
TFHER AL T REPE . 5341 CALG TR U T A%

& CCA/TOGG A sy N Tk A/T B #5 DUARE 75 2k
A CATG UHBUR IR (AT E— 22

B A FERIAIESSE T AR #5 DU CArG/SHRE
XUA B9 14 A A% FE R HSV-TK 4B SRS 1677 K it
AR A AT, Hoh 9CArG/SHRE )5 3l 141 %t
AL DR PR 75 7 R R AR D B A5 H AT RIS
1 R RE AT B BRI 0 A WL 4 8L, 0 i 3 Ml 2L 4R ) 52
WAdL AR S, A Rt — 2T
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