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iNOSH]HI 35 1400 W iE i pS3 1R 12 48 5 5 $8 X+t
S I SiHaZ R B 40 77 R

OB KR RO
(52 FLK 2B 5 T RS B 4007, i 200240; 2019540 A 51 AR BlE B, A6 215400)

WE  Z IR T INOSH 4| 7] 1400WELE IR 445t 2 37 /& SiHa2m J ik A K 3 5| VE A Z A AUH].
JL FMTT i 4 ) 1400W B 4425 37 8 SiHa2m i A K 49 37 51V B 5 IR X 28 BB ) 1400W ZUIR 44
it 5 3 J& SiHam el /8 1= 49 % °f); quantitative RT-PCRAF=Western blot# 7t 1400W ZUIR 44 %+ 2 27 /% SiHa
fieps53. AR E 2(murine double minut 2, MDM2). DNA{R #1 % & i 54(DNA-dependent protein
kinase, DNA-PK)%& & ZmRNAKR L 69 Frh, 45 R 2, 1@ LINOSH 4] 7 1400WE AR 464F A T &
& SiHafm JOAR K I, 1400WELS IR 44 668 47 4)SiHatm e A K, HIr4IERM S5 A 2 EAMX.
1400W =T vA3E 5% 4835 50 nie B AR R . b —F BFS0AE 5, 1400W =T vAIF D445 7 89 pS34R 3K,
3 R AL F 2 B DNAIR 1 5% 6 3Bl 6 R, i RIR4E R A G TT B 30 B A AL T #76976 7 1%,
Bpid i BRAME R INOSHP 4 7], =T VA 3RIM 44T S 30 & am 6l 0 VE R, 48 3 4GRS 208 B4 0976
FFAER .
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iNOS Inhibitor 1400W Enhanced Chemotherapeutic Effect of
Cisplatin by p53 Signal in SiHa Cervical Cancer Cells

Ye Jun', Cheng Yan?, Chen Yaping'*

('Department of Gynaecology and Obstetrics, Shanghai 5th People’s Hospital of Fudan University,
Shanghai 200240, China; *Department of Gynaecology, the First People’s Hospital of Taicang, Taicang 215400, China)

Abstract The aim of this paper was to explore the effects of iNOS inhibitor 1400W combined with cisplatin
to cervical cancer cell line SiHa and the mechanisms. The effects of 1400W and cisplatin on SiHa cell growth were
investigated by MTT. The SiHa cell apoptosis rate was detected by flow cytometry. The expressions of p53, MDM?2
(murine double minut 2) and DNA-PK (DNA-dependent protein kinase) mRNA and protein in SiHa cell were detected
by quantitative RT-PCR and Western blot. The results showed that 1400W combined with cisplatin could obviously
inhibit SiHa cell growth, and showed a dose-dependent inhibitory effect on SiHa cell proliferation. 1400W enhanced
the effect of DDP-induced cell apoptosis. Further study revealed that 1400W could inhibit DDP-induced over-
accumulation of p53 and increased the expression of MDM?2 and DNA-dependent protein kinase (DNA-PK). All of
our data suggested that the combinational usage of iNOS inhibitor and DDP was an new strategy in cervical cancer
treatment, which could improve the therapeutic effect of DDP on cervical cancer.
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B MR LIRS R 2 —, EAREE
PR A Ay B A, e R AN R o S 1
80%~85%, - T 2y b W i TR BB PG 4f,
TAPAAFEIEI0% o 1T B ) S S0 70005 22, 54
HEAFERAT N 3.2%~13.0%", FLIGTT H JE ik B, Rl <
A VT 7 R e I R A AR AR
VB HA, BT FARKIBETT, KRGS
WS FY S bR UEVR T )7 €2 — . Mi4TI(cisplatin, DDP)
ST AN A — AT 25l iz v P, A3
e FLEEE I Y A i 2t S BUA T R 32 B R .
A5 2 BT IR A7 7 28 R4 v SR ) 1 1 7y 38
i KR AT 2, )N AR AR ) 25 Bl SNV o

— %1 1k & A M (inducible nitric oxide synthase,
INOS)7E 2 Flt Jih g v iy 3R 08, 3L v (0 36 5 300
INOS_F i 1A 55 i 2B AR BEAR O, HOrT A B
TG, FEAR S v, FRATTE EET 2 5% 9 SiHaZH il
PR SR PR T8 T A e s IEG B 1400 W5 SiHa i i 1) 5%
Mo &f5 JLUE 5L, 1400W AJ LU i 3% ilnMDM2(murine
double minut 2) 1A, 5 85 [KpS3AH B A H 14 535 it
B530 SO AN R IGZE T . SEER &5 SRR YT B B
P FR BRI TR IR T S, RV 1k 1564 A HINOS
I RT DA ey MR ) 16 ) 0 S0 P ¥ 7 VR

1 MRIEREE
1.1 #HpELEST

B B0 SiHagl MR B b E R B i g i
o A 10%06 4 M FDMEME; 775, 7537 °C.
5% COLMIFINE & (B T4 h 3G 95 . 2~3 diE4e— 1K
IR a0 M A K BI80% I HEAT B R s 56 o
1.2 #M5RF

1400W. JIfi 41 & H Sigma-Aldrich 2y & & —
AR IR B — S0 5 B Bl A I 77
W A 25 RAEMEARBEFCET. Jbt Ap53. DNA-
PK(DNA-dependent protein kinase) . $ii fIMDM2 %
i [ PU AR H Epitomics A 7]« FTGAPDHyLAA. =F
PUAR PRI H Cell Signaling Technology /A 7 . Vit 24,
4 M TS R & H Invitrogen A W] o PCRY |
Yy eh 1 I 5 ) A BR A T e
1.3 —SUEEHREEE R — R RIRE N

¥ SiHaZH i k3% Ah 296 FLAR 14, 2440 i 2E 1K 5]
80, 43 1A% FEL AL FH AN [1] 34 B 1400 W 4 (4K 52 53 il
0.5, 5, 50, 500 pmol/L), R &6 T LEG IR, K59%

6 hJ 4% S A S R RGN ) e U S AG G

KA 515 nm, BUZ96FLMT %€ 't Bl ki AR
ISR I T SR S Bt 4 A D)
UL TS REAT, AW A 2H AN s TR b R bR it 2k
(1) Dsao, L ARAE M 455 AR FEAT — AL RN &
o MR S 4 LA i 2S00 T 1400 WK FE
1.4 MTTik3:

i W 8% E5x10Y/mLKsSiHad Mo 42 Fl 19651 B
TR R R0 A () 9 B 245 W 4 i H (10 pmol/L).
1400WZH (50 pumol/L)FH 1k 7 F 24 ZH [ £1(10 pmol/L)
+1400W4HL(50 pmol/L)]. 7EH;7724 hok48 h)5, L
BIN10 pL MTT(5 mg/mL)4k 42 % 54 h, & LA
100 pL DMSO, {35 4% 7% 10 min, JT 7 BE S 2 &0l
W HE490 nmAb & FLIBOGEE . LU R 40 i is ) ok
100%, %23 2: 20 400 3] 28 =1—( 24 P 2 W e B /0t R
G SE)*100%, T E-411 M35 2
1.5 RIS MR A T

0 M 7 AH Y 4153 R 7724 hE LR AR BE,
PBSIE2IK, B3 min, PEREA. A i0fE 455 2%
MR T =, 1% Annexin V/PTRE 146 MR 70 &5 i 17
S Rz Rl E IR ez
1.6 ZEH % & N KLE(Western blot)

i F Trizolik $2 HU 4 41 b B B 1. 3 8%k
10%[#)SDS-PAGE R ($ip53+ HTMDM2H10%M%, $t
DNARHSEE 10 FH 8%M1%), 5 MU HLIK, B, & 141,
IA—$i4 cCFF R, —Pr=iRIFH1 h, ECLIL
ROCKT I 25, LRI R R Ge E A O 0 4
1.7 Quantitative RT-PCR

M TrizoliZ #2& U % 41 ) SARNA, ¥ % 5% il
cDNA, SR G AT SEW 8 #PCR. W 454 95 °CTil
AFPE2 min; 95 °CAZ1E15 s, 60 °CIEAH34 s, 40MEHE .
HARSILRPCRG ) WLEE 1
1.8 FitHA*E

I FHSPSS 17.0% A0 B s 24T Ge vk o0, i
B R H R =TT 2008, S bn i S B bk
ZERTR, LAP<0.05K 7R 25 A ik 75 o

2 H#R

2.1 iNOSHJ # F1400W ¢ 1% 5E2DDPX B i =
SiHa#f Btk 89 4 A 25 14 1E A

2.1.1  1400WxT g 37 % SiHam J— B AL 7o Bl &
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#1 PCR3|#1/F7
Table 1 The sequences of primers for PCR

HAREE A

Target genes

514)(5'—3")

Primers (5'—3')

H B (bp)
Fragment length (bp)

F: GCT GAATGA GGC CTT GGAAC 167
R: GAA GTG GAG AAT GTC AGT CTG

F: GGC TGT GTT CAAGTG GTT CT 190
R: ACG CCT GTAATC ACAGCACT

F: GTG CCAATC CAG CAGTCATT 165
R: TCA GGCACT TCA CTT GAG TC

F: GGT GGT CTC CTC TGA CTT CAA CAG 214
R: CTC TCT TCC TCT TGT GCT CTT GCT

p33

MDM?2

DNA-PK

GAPDH

(A)

1.2 ®3%

NOS activity
S
> o »

R
o
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1400W (pmol/L)
**P<0.01.
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Fig.1 Measurements of NOS activity and NO content

HANORE# 6 K4 SiHaZl e Fl T-96 LK,
24 hJ& 43 91 J10.5, 5, 50, 500 pmol/L (%) 1400W A H
T-SiHadf iy, £ — 4k B A gk, 45 R R OR,
50 pmol/L 52500 wmol/L ) 1400W 4 fig i 23 ifil—4%
A B )G P, LI P AN (4 s R B A
B2 22 (B 1A) . AN _EiE R IINOWR 2, 45 R
7K, 50 umol/L /2500 pmol/L[¥]1400W¥J fiE & 2 P A
NOMJSE, HIX M2 MR A W% 2= 7 (8 1B).
DA B &5 BLAE 5K, 1400W n] 4 il = 3509 4H A SiHal¥) —
A TS T A BRNOKRE, I HLS0 umol/LI)
WP ) AR MR B, DRIt T R B bk B
AT HEBE

2.1.2 MTT#4 R 1400W A=)l 482+ & 37 )% SiHam
W LA % 5K 56 41SiHadl i 4 5
1400W (50 umol/L)FIDDP(10 umol/L)#I ##24, 48 h.
1400W-+DDPZ 1 56 11 1400WHF 5 16 h, M5 FEA
DDP4k £E 07 & . FHMTTAS I 48 i 14 5 410 o 175 0 5F
THEAEE R, SN IRAEE R RN gRER, Pl

120 " O Control
I 1 * O 1400W
100 F — — — EDDP
.- W 1400W+DDP
EZ 80fF *
£3 ™
% 60
=
& S 40
20 |
0
24 48
Time (h)
*P<(.05.
El2 MTTHMiNOSHNH] 5 1400W /55 I55A X = FjESiHa
AT EE MR

Fig.2 Effects of 1400W and/or DDP on cytotoxicity of SiHa
cells measured by MTT assay

A I 1400W A 41 B S 58 4/ DA . M H S
DDPI A H T SiHaZ il I G184 3G 55 DDP (1) 44
Jo#E AR H (K12).

2.1.3 AKX @@L N 1400W A=)IR 485t 5 27 #& SiHa
mie AT egen AR M B AR — R
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=
S
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*
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*P<0.05.
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Fig.3 Effects of 1400W and/or DDP on cytotoxicity of SiHa

cells by flow cytometry analysis

2900524 ) A0 R TR G, 48 H Annexin V/PT
TS W R S A T AN, T LA ] s 000 )3 4
FUE T A0 M RPE AN B g bR, S5 R OR, A
FEIE R S MTTR 45 B SRL, TG AL P R A0 T
0w TDDPUAR BEA, JE—PHIESE T 1400W
RER A7 R0 s DDP 1) 4 M 25 P A5 H (K13)

(A)

Control  1400W  DDP 1400W+DDP

o —

1.2 ,ﬁ,_ :z: 0.40- [
%1 o Eg 035 =
£ - 28 030
= 0.84 cE‘ =~
g " 5 S 0.254
e g2
= 0.61 £ 3 0204
wnn O
£ o4 2 £ 0154
< V97 =
O S E 010
(s . >
g 02 £ = 0.051
0 2
" A
St St
CJO \bt $>< CJO \b( $><
N N
\v \b‘

A: Western blotkd JI 4b #1124 hJ5 #4241 ps53 4z (1 R IA 48 4L; B: 2wy
Hr A Western blotff] 4 717 51 5, **P<0.01; C: quantitative RT-PCR%}
Hip53 mRNARIE/KF, *P<0.05.

A: Western blot analysis of the expressions of p53 in SiHa cells treated
with vehicle control, 1400W, DDP or combination of 1400W and
DDP; B: quantitative analysis of graph Western blot band intensity of
p53, ¥*¥P<0.01; C: expression of p53 mRNA in SiHa cells detected by
quantitative RT-PCR, *P<0.05.

El4 SiHaZB 1 pS3RIRIETER
Fig.4 The expressions of p53 in SiHa cells

2.2 1400WHNI$A Xt E S SiHaH ps3. MDM2
K DNA-PKEBFRIERE M

2.2.1 Western blot% quantitative RT-PCRA& ] & 28
FpS3& A KRAEI  Western blothi il 25 Ab BEZH
p53%E 1% iL78 1k, GAPDHAE NS . 1400W+DDP
21 HpS33R 1A & B AR T X 4L, 1400W4L F1IDDP
o, Ty AR KPR 22 57 LRSS DRI (B 5. (1 4)
2.2.2 Western blot% quantitative RT-PCRA& ] & 48
TMDM2& @ &AL TS 1400W
XTpS3H % ¥ 52 ), FRATTRS U T pS3 1% o 4 H A
MDM2 ¥ IERE . 45 W7R, /EmRNAZK - 8
[17KF-, DDP4L B2 P MDM2 1) % ik 1 i 2% w1 Xt
TEZ1(P<0.01), 1M 1400W HIDDPIL [7] kb FE £ HMDM2
(1) 2% 35 7K SF- W] 5 55 T DDP & kb B 20 (P<0.05)(J&]
5).

2.2.3  Western blot% quantitative RT-PCRA& ] & 48
FTDNA-PK&E & KX H L DNA-PKHE [ £IE 2
DNAZSZ $ JrpS33¢ 12 (1) b3 i 1 DR, DRI b A Tk
— A T DNA-PK KIS . FA 1A FH Western blot
FE FEPCRI) 77543 SRS 45 41 HH DN A-PK (1) R %,

Control  1400W  DDP 1400W-+DDP

B) 157 * © = 097 22
5 167 - r %08 [
S 1.4 S ‘g 0.7
£ 1.2 g % 0.67
= 1.0 5 2 057
g 0.8 55 047
S 0.61 2 8 03
§ 0.4 £ £ 021
g 0.2+ o 2 0.1
= Z

PR = PRIE R
SV S FSPP
Qo‘\\bg Q$><Q &~ O EQ\XQ
\b‘@ W

A: Western blotf il %21 P MDM2 8 (115 /K B: & s HT AT
Western blotff] 4k iy 5 /%, *P<0.05; C: quantitative RT-PCRZ TMDM2
mRNAKILKF, #P<0.05, #*P<0.01.

A: Western blot analysis of MDM?2 expression in SiHa cells treated
with vehicle control, 1400W, DDP or combination of 1400W and
DDP; B: quantitative analysis of graph Western blot band intensity
of MDM2, *P<0.05; C: expression of MDM2 mRNA in SiHa cells
detected by quantitative RT-PCR, *P<0.05, **P<0.01.

El5 SiHaZHi R MDM2AIFEER
Fig.5 The expressions of MDM2 in SiHa cells
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() {ELSZNOSTEI R 53 2 F LRI R U 05
Control  1400W DDP 1400W+DDP ) .
N A_PK— WA FEEL D . 1400W AEINOS () oy J5 3% 45 4 41 61 751 o
INOSI 1 ] 6 1 LE % eNOSFInNOS (1) #1011l fig ) 43
crn o - - LS 0002006, fES N B FF 0N ¥ M
®) . ©) RY ST, L R1400W 3 dJF, 5065 FALAILL, 55
e x5 ™ S AL LR 2 2 R 1309, A S AR R,
2" 23" 1400W ST 3 #EIINO £ FRINO, 438 1 61 ) 40 i 7
2091 e 1 . P05 A TSR AT 25 ST A 1
£ 35 WS, MR 24 1 B 1T 5 3 M 0
. 2] A P 2K S B2, 5 A DNAS I
2™ =2 - ips3geik, MMM i Kk ipS33e e 5 3 I 40
TS “F S W, ARTUBFFUR IR, 1ET0 S S FOR A
TS S fhips3id 2 B 5 MG 24 A1 5C 2, ek

A: Western blothéy Jll #- 41 PDNA-PKH (13K A 7K °F; B & #4047
A Western blotff] 45 717 5 &, **P<0.01; C: quantitative RT-PCR %} #7
DNA-PK mRNAZK /K-, #P<0.05.

A: Western blot analysis of DNA-PK expression in SiHa cells treated
with vehicle control, 1400W, DDP or combination of 1400W and DDP;
B: quantitative analysis of graph Western blot band intensity of DNA-
PK, **P<0.01; C: expression of DNA-PK mRNA in SiHa cells detected
by quantitative RT-PCR, *P<0.05.

El6 SiHaZfifflH DNA-PKHIFRIAIE R
Fig.6 The expressions of DNA-PK in SiHa cells

2E 0B OR, ZEmRNAZKFEFIE 17K, 1400WHIDDP
I [7] b PEZH S DN A-PK [ 22 3% /K - B & 75 T DDP#L
PALFEA (6).

3 itig

J g 40 i n LA B — 404 A (nitric oxide, NO),
HNOFEMRE )R AR i FE b i 2 Z/EH . NO
i — % b & A M (nitric oxide synthase, NOS) & Ji{,
H IR Thig A —Fpr 7Y, B ph 28 o0 8 — A AL A 5
(nNOS). P B 4 — % AL A& A B (eNOS) LA S £E 41 4
JE S RIENFEFE A EEGENOS). B 5T
HESE, iNOSTE V2 I8 4 H 5 50 SE 4498 20 2L A A7
WERRIE, o EES, j RS, BT,
gt Sk R IR ILL K AR b Rz P T e dn P gRg !
2k, INOS 5 R 1 28 R I AE A2 B, ik oRg
J& I . INOSTR R IE 2 5 IR 1l 5 AN )
A ORI, SilvaZE Mk I, IONSZR A 155 3 1T LA Ky
W E U TS R AR 2 — o 7E 45 W S FL IR I
PRATHFSE & B, FHIINOS 2 ikl LA R 1 ik 78
HE U190, iINOSTE (A B R IA T T R 2,

B AT I8 T AR DG RBURR B 1 0 40 B 45 R R, ps3id
FE AR IR e S e B AT T 2 A OG, T HAZ 5T
UESEpS3RIA b I 7 20 AR A O B Kk AR 2, T
Ji 220N ARSZIGIE ], 1400WHIHIINOS & i ml LA
S8 i LR (1 240 P 75 4 D, IR) R R A B 8 9 I 15
SHIpS3BURAE T . TangZ5R30%} M €7 22 98 41 o bk 1)
W SEAUE 52, NO ] LA i Jif 87 41 Jfa %5 MRCET g i 24 1
{4 FH 1400 W5 5 A 5 PENO 5 1T LSS i I 6138 3ok pS 3
BARESA MR T . XTI L TRATT I S &5
R—5, B 1400 WHIHRIINOS & B, #lilpS3FAZE,
s GLATN E SE Al AR  BE AR . 7R g e
J7 VA W SiHaZH Mo 3 T 1R 52 56 R B, 1400WIHE
I8 20 v SiHadh ff 46 1 26 B Wl 38 i, idf — AP Uk s T
1400W fig A5 %G 5 DDP ) 40 i 35 1A

76 1EH 41 i b, MDM23E i S5pS35 1 i =
G, MpS3A W Bk KA, B 57 R AB I T E L, 4
DNAE 2|5 {75 1], pS3#E w1k, A5 MDM2% [
g4y, ML pS3AN T B B AiA, 40 il hpS3 8 (4 I8 1Y
i, AN pS3H 1 A B R TR 1 RS2 B T
AN e s BRI PR 3 . IR, MDM2 2t — /> B 22
[ AR Bt R 1 DR, B B RE RS A il pS3 4 S TE 1k,
BE L2 B K pS3 8 (R IE/KP®), NOR LAIE ik /715
MDM2 - i 2 R 7% i Al BH TMDM2-p53 45 5 1#p53
SRR, B UL iR, NO W] LA Sps3 i BRAL kb
R, ANSLEG 45 FAE S, LRI A 4L hpS3 6 i T
[AlF-MDM2 4 i ] 5 34 i, $2751400W ] 3 it b ify
MDM2[{F ik, 1 H 5p53iz ZAL & & Mdilps3id £
R, PR SZpS3H0 i e 2B K AR o (L, B
FH1400W I3 A7 B 12 (0 pS3 3R I8 B N4 B st T,
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FEN 1400WLE £ 250085 20 B Hh A A NUECT T 384 B

DNAMK i PE 5 113 (DN A-PK) /e DN A 175 15
53 () Sk i, DNA-PK & DNA XA W7 2446 53 1) 5%
fifg, 554057 T 24 B AR RO, R R R 4 B iR
I7 7 VR RE TR ST #0380 R 4l fEDNA T
SN M TS SE R A R, G SRR 46 fUDNA-
PR I8, K 1T BEXTTBCE 4 R IR 2 P s 24 7
AT 52, Db TR V6 9T 8 BN e . BIFST R IR, DNA-
PKYE 5 53 1b-TIbZH 21 i 3 08 B 4 iy 1 1E 3 A 2
HARA B, 0T U % . HHIDNA-
PKEE [A3RIK Jam e Je, v] DAEHE 5 S HeLad bk
P IRAR T U PERT . NO M HE M B AT A )
T AT LA EAE T DNAAE HL R AR 5248 A, thmT LLIE
I ATDNAA S & 5 1 WDNA-PK S5 45 [ $i 3L W
T FEAR S ) L 1 5 Dy BB AT 3 BUDN A S AR A iy
Jo 441 Mo 3 I BUDN A A3 1) PR 1 1) A4 F (a7
MR R MHE)PY, WooZ PR 9TAE 52, fEBL =
DNA-PK 1] 5, % 5 i [ 40 L A2 N glioma4tl Jfd bk o,
p53i% 2k DNARI 45 fie ), #Ell, DNA-PKAEpS3%F
s VEIERCDNA W 255, R EDNA-PK R 1 K&
JEDNARZ H fip5334 ik 11 b 15 A 7. Hill 5562
UESE, 8 L HIDNA-PK es2R 1A 25 1 n] $ il p S35 2
P FIFA B, W) B 410 s caspase-3 2L il T 21> 41 i
Too ASZH 45 B AL7R, DNA-PKAE IS 411 £ik &
B L2 NITAN A48 K, 1T HEAE 1400W I T pS3id E RN
I, AfpS3uE P, A 1T 3 9fipS 3 M A4 478 1 4H i 97
TAEM . Rt m 1T E R R E T
{8, Chirino%5™I7E 204 556 ik S 3% £ PEINOSH
TSR AT DA B UE B A TR I PR 3h 4
A PR AR B, HOR WA Fs TG

ARSI RS, INOSHI I 1400 W 541 4 H
- SR SiHaZ MY, RE62 14 inDDPXf SiHad i ¥ 25
PEVE ], INOSHIIHIF 1400W B A7 AL 57 Ba 804 ]
I, R 0 HlINOS & JNO, INOSHI il 71 A LA 5if
T AEE 6 00 0 ) A 1 D, 3K Ok W B R R
S0 SR IR YT B TR i SR B BT S iINOS I
FI5 IUAT (AT 2990006 3wtk T 7 290 I U IR G
P, AT AT 259 1 LA I iR s s A T
LYW 52 Pk, B I 0 A TR AR AR )
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