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Abstract

AIM: To investigate whether nitric oxide (NO)
donor sodium nitroprusside (SNP) can induce
the apoptosis of hepatic stellate cells (HSC-T6)
and to explore potential mechanisms involved.

METHODS: The apoptosis of HSC-T6 cells was
determined by flow cytometry and Hoechst
staining. The nuclear translocation of nuclear
factor-xB (NF-xB) p65 was detected by laser
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scanning confocal microscopy. The expression
of tissue inhibitor of matrix metalloproteinase-1
(TIMP-1), type I procollagen (procollagen I),
and growth arrest and DNA damage-inducible
protein (GADD458) mRNAs was detected by
real-time reverse transcription-polymerase chain
reaction (RT-PCR).

RESULTS: The apoptosis rate was significant-
ly higher in HSC-T6 cells treated with SNP
than in control cells (20.78% + 5.91% vs 3.25%
+1.26%, P = 0.031). Apoptotic HSC-T6 cells
showed dense nuclear staining or granular
fluorescence after Hoechst staining. Tumor
necrosis factor-o (TNF-a)-mediated nuclear
translocation of NF-kB p65 was inhibited
by SNP treatment. With the increase in SNP
dose, the expression levels of TIMP-1, procol-
lagen I and GADD458 mRNAs were reduced
(all P <0.05).

CONCLUSION: SNP can induce the apopto-
sis of HSC-T6 cells and reduce the expression
of TIMP-1 and procollagen I mRNAs perhaps
by inhibiting NF-kB activity and reducing
GADD453 mRNA expression.
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kB; Hepatic fibrosis
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:’ﬁ %ﬂf , =% @ A B (growth arrest and DNA damage- TCCCTCAAGATTGTCAGCAA-3', Fiif5'-AGA
B NO . . . . RV,

TiE %HSC};} iy inducible protein, GADD453) mRNA & ik . TCCACAACGGATACATT-3. § 18724y 286 bp.

bR PR TR
i AR L8 %, W
NOA % 7T id if
NF-xBif %% %
HSCHA T, B %
A ARG

Z5R: SNPZLHSCH = F A& 2t PR 20 5 3538 Jn
(20.78%+5.91% vs 3.25%+1.26%, P = 0.031),
Hoechst 332584 &, % 2 .~SNP£AHSC4a it 4%
EHBRERRRBAERG TR, BT @M
& I =, SNPHP 4 TNFA-$- &L 89 HSC NF-
KB p654% # 45, [ A HL A & 7R Wi 3 hm, TIMP-1,
Procollagen I , GADD458 mRNA & ik [ Z &,
¥ (P<0.05).

Zi8: SNP##F FHSCH =, B Y TIMP-1,
Procollagen I mRNA% A, HAuH TS
B RINF-kBE®E, RV RATEGER
GADD458 mRNA & ik A *%.
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AR FON A I F < B(nuclear factor-kB,
NF-«B)ifl 2% 75 175 5 JH R 4l il (hepatic stellate
cell, HSO)JH T, W%k T 414k (hepatic fibrosis)
g F A Y. SCRR RIS — 4k A (nitric oxide,
NO) A P FEENF- BIGEP, I A7 38 ik 28 b 44 550
i FHSCH TR, MINOM I NF-«Bill % /5 5
HSCYH T4 FH L] A W, A< SEE A5
NOMEAKAH 44 (sodium nitroprusside, SNP)IH it
NF-kBiffl 2% 175 FHSCI T RAE L, M A e R R
Rz 2 Put£r 4t vy 3245 70 Ay B B
7 2

1 MRRTSA

1.1 A4 IFALRGN ZHSC-To R B2 K
ARG B BN, HER AR IIHS C. /M
PINF-xB p65HiiA(SEESanta CruzA#]); SYBR
Green Real-time PCR Master Mix(dt 5{ KR4
R A ), TRIzol(Ab 5 38 1 AL R H A
HRAR); PIY@F, ABTNF-a( Li#fFSigma
N A); NOEAAH S (SNP) Ho i3 9¢ Y 4L (iR
FE-Pi/ N RCY3. Hoechstg Akl & (VLA
WEITT 32 RV ARWITTIN. N Real-time
PCRIINEMRNAZKIA: 5|4 b 5t B8 17 AL DN 4
RA WA G, 5197508 GAPDH LJiF5'-

GADD45p Lii5'-GCTCTAGACCCTCATCCCC
CAGAACAATC-3', Fii5'-CGGAATTCGCCCT
CCGCTGACTTATG-3'", ¥ #/=4): 332 bp. 1 Y
HI 37 5-TTCACCTACAGCACGCTTGTG
-3, Nif5'-GATGACTGTCTTGCCCCAAGTT-3',
P82 67 bp. TIMP-1_L§i%5-GTGTTTCCCT
GTTCAGCCAT-3". Fii5'-TATTGCCAGGTGCA
CAAATC-3', 147 4): 375 bp.

12 ik

1.2.1 HSCs#y 3z B oth: HHHSC-T6),
T80 mL/LEAA- I« 100 TU/mLE R 2 |
100 mg/L% % % )1 mol/L HEPES[{IDMEMK;
FEWh, 37 'C. 50 mL/L CO, 51 F 1597 0 5
AR, 2.5 g/LIBEER TR A 28 1 SN, IRET
LS P PRV, A0 BT BB MR T L S Sy
A 3 VLA R ZH : AL BAE 80 mL/LJG A MLV
(I DMEM4H il 1% 77 055 77 40 i, SNPALERZH: fin
NIKREEZY 581, 5. 10 mmol/L SNP; TNE-ou
B WKPE 100 pg/L; SNP+TNF-a4l: J6H110
mmol/L SNP 1 hJ& FJi1100 pg/LATNF-oilli#41 h.
1.2.2 & JAReal-time PCRM & mRNA & ik: K]
TRIzo A&, % Ui — A48 A LB RN A,
W E RN ALLJE JoE & JF s 4 vk 5o, W sk
cDNAZE—#EA A TP CR; A 3E R Bk
Primer 5.08E4T 5 [#%) 5t TEPES7005% 1 %5
JE P CRA EREATSEIN E 9. SYBRE VAR
Z: 25 uL. AN 93 °C 5 min, 1/MEFE;
93 °C 455,55 °C 1 min, 10/ME¥F; 93 °C 305, 55
‘C 45 s, 30MFFR. W EX I, PCRIX MY HI3-15
MG TEOCAT TVEATCARIRAT T, 1525k
Ll E AL, K90t 2 s R AT R
BRI CHE. § =220 o/ LB RS A
VKUESZ, FEAH. Real-time PCRJ7 V245 A% ] b
BIE VLT AT H IR e &8 DU =
2-AACtA ™ CHE 2 SR IR 5% ik
B9 (B (Threshold) E AL, ACHH = H I
FERICHE-N S IEIERICHE, AACt = SEIRAIACT
{E-XF HRAHACE. R RE—FrATH 5 H 5L 45 D1
. DI ALIE R R IA & M1, 2-AACHE B A 5K
56 2H 0] L ZH R R Rk TR 15 5

1.2.3 %953 R4 & k-3 A Cy3#mNF-xB#)
O KBS X 10 m LY R TS FLBY,
YL TNF-a41l. SNP+TNF-a414EHHSC 2 hj,
WS TG TR, IO T E W g, [ 3E 10 minBl 5
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KSR (rT 4 C [ 1A, F & A E 14160 min; [ EEEX R

” ey 3 o AR IRIENO T8
ﬁﬁ*ﬁﬁﬂgqﬁ“ﬂi#ﬁ(l . 300)1/]5)%60 min, kK5 i Kk R 9

g, a7 e CHERREAG AT mL#
FBRUF IR0 I =T ¢ 500)/EH160 min, [7]
/¥ TR £ 0 711 12 59 i ) TR S W 2 2 (11 B2 DEE B
BEIVE3 TR, BEIXS min, 100 LAAERE IR B
Bl W AR S AR POV K B
TR b, AT b D120 5% I AR
— U S Y, AR5 AT ] DOBL g 3 41
T HOL.
1.2.4 7R 48 feAL - AL R g (P1) £ &, %A M HS C
B WALK I ZH . SNPZH(10 mmol/L SNP),
ML AT 55724 hfa, WA S 440
2X10%mL, 500-1 000 r/min5.0>5 min, % I
iH, 3 mL PBSYERR2K, BS.0 5 525, 700 mL/LZ
B4 CRERA, 1 g/LINRNARE37 ‘C b330
min, f110.5 g/LIAL AIE Bt #5630 min, HR
2 M A AT I 5 AR T2 AT
1.2.5 Hoechst 332584 &, ik LA A = 0 f 6 7% 25
SR RS X 10 Y m L 3R TS TR,
PR RZH . SNPZH(10 mmol/L SNP)fEHIHSC
24 hj, WORKEFEM, IAN0.5 mLIE &, [ 10
minZ KIS (4 Ci i), 2 e, FHPBS
500.9% NaClyt2i, X3 min, TJSHBAE, TIA
0.5 mL Hoechst 33258 4% {43, Y4 {45 min; 24 (n
i, FIPBSE0.9% NaClyE2iH, £:7KX3 min, M3
WAE, W —RPUre K il T8 b, &
N A R R B, LA R e v, SOk
AT AT R I 2 2 €T AN A

St K Hmean+ SD#R R, H
SPSS15.08 AT BEATHE v 43 Hr. W ALIR] S FH PR AT
RIGEL IR IR 5, 22 20 R 3 40 22 e P LU IR
FH PR IRI 250 22 90 M1 Je SNK -g K6 56 33047 1 1 LE 2,
P<0.05RI A gt 2 m XL

2 BR

2.1 SNP*THSCs 8%+ Ji 04l A -ffk 14
E(PT) YL {035 R SNPALHS CIF T 2 45 % i 41
S BNN(20.78%+5.91% vs 3.25%+1.26%, P
=0.031<0.05, ¥/1). Hoechst 33258 %Yt 4 (4 {7
X A HSCAH k% 5 R A A 98 6, SNPALHE
53 HS CHI A MR H I G B0 (1 Btk slcoRn ik
PN, PR ALK . Yt TBE . DNAKY
Betk, g s BLE T (E2).

2.2 SNPNF-kB p65#) &4 %o # RSN
NF-k BAFAE T 40T, W05 5 #7204 B A% X,
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48 TIMP-1 Procollagen |  GADDA458
WiRA 1.00 1.00 1.00
SNP(mmol/L)
1 0.67+0.35° 0.80+0.17° 0.43+0.20°
5 0.50+£0.28" 0.56+0.16° 0.36+0.18°
10 0.37+£0.27° 0.43+0.15° 0.26+0.07°

°F =0.003, P = 0.004, £ = 0.001 vs WIRLA.

45 L R TNF-o 4 #HSC-T6 p65, SNPZL I
TNF-a /S5 HS C-T6 p65 M 41 it Ji 5% 7% )
ARz (R13).

2.3 SNPHTIMP-1, Procollagen I , GADD45p3
mRNA# & ik % M Real-time PCRIIE
TIMP-1, Procollagen I , GADD458 mRNAZKIX,
4t FL R WISNPALEN FUA W 29> (P = 0.003, P
= 0.004, 7 = 0.001)Jf 2 FIEAHKCAE, $E7~SNPH
HITIMP-1, Procollagen I , GADD453 mRNAZ
RN

3 e
HSCIWEA - 19 5E 2 T 25 440 T8 B a0 38
W, CENT ARk ol B2 v P o 2 A €Y, VA
HSCHr b K 1 BT 5 (Procollagen 1) 25
4 JE B E B A 7~ 1 (tissue inhibitors of matrix
metalloproteinase-1, TIMP-1)®", i Hy% 1 58 i
ST YT AL R A S, SClkR
TENF-kBAEFN ] 22 R AL () 40 i v, S
NF-kBif 1 il LL5 S HSCIH T

N OXJE PRI T4 1R 55 4 TR 3 Ak A LT
NOM—FHr A2 N, AP NOXINF-«B

K, NOJK J# 5 MRl (1) LRl 5032 97 1] Y.
7 Ak, NOYEAR R 25 i S A T Kk
Jght

NF-xB/&1986%F HSenfIBaltimorefE /s
BB VA 2 4t v A IR ) — e 5 Al BR R
ARBE LN R T BA SR R A A A E
U HATARER M2 Hip6 5 FIpSOZL A1) 5+
U AR AEAROE AT, B HNF-« B
H M (inhibitor of kB, IxB)4L & I —
AR, AEAE T A st . 1F R v 35 K ) 4%
SEY TN, NF-w B4 & 7 iU n] 252 % 9% i
e I IE AL N T-a(tumor necrosis factor-a,

#FHSCH T, &
AW RS FINOA:
PR 2 s TR
PR R B AT 8
bR E; KT
EHREAT G
% & SNPH7 %I NF-
kBEE G IE S
A A ENOB Y
IkBa &g, 423t
IkBa & A X
FF 3% FENO
e hl T
VAT A e dad A2,
St A2 Pk
F) 4 ) 4 AL K
R o9 tEm.
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WA # B A _ | H Apoptosis Diploid: 100.00% B B Apoptosis Diploid: 100.00%
K 3@ iE NO® 2 = B:B gi fi Dip Gy: 71.07% at 66.20 2 = B;B g; Dip G,: 67.25% at 62.36
A SNPHH NF- 3 Dip S \ Dip G,: 3.72% at 132.39 N Dip S Dip G,: 6.91% at 124.71
kBWEM, B R 5 g | Dip S: 25.21% G,/G;: 2.00 5 §7 ‘lf : Dip S: 25.84% G,/Gy: 2.00
MrEkalB 28] \ %CV: 7.50 2o S F L wov:1447
GADD458 mRNA 2 §— } \ Total S-Phase: 25.21% e |I ' Total S-Phase: 25.84%
F 3K B 5 SNP g | Apoptosis: 5.45% Mean: 47.53 B IJ"" g Apoptosis: 13.57% Mean: 45.25

4H0H] . 2 Uz o Y S T T 1 © = —— T T
?{27‘}"‘?’5};}? f éf 0 40 80 120 160 200 0 40 80 120 160
T::—;é‘ AT Channels (FL2-A-FL2-Area) Channels (FL2-A-FL2-Area)

o] AR P R

1 RIERAGTISNPIHSC-TO BT HIER. A: SHHEZH; B: SNPZH.

B 2 Hoechst 332583 M EBEIMSNPIHSC-TOETBIWER. A: X A4H; B: SNPZ.

B 3 EE R RS NEEYEARIENF—kB p65SHIZEENI( x 400). A: TNF—o2; B: SNP+TNF—oZH.

TNF-0). 141 %-1(interleukin-1, IL-1). AR
(lipopolysaccharide, LPS)s{ T4 Ay i, ttAh
ROMNE U . B ROEMEAN M A K
DRI, LA R A T s 2 S 4 45 1) UE N F -k B.
TEALIINF-« BRCRE U Sk, IR N, ke
SEPEMBAL S 454, T 3h JRE R 1 (1) 3L A
e SEOMASE JOE IRNTBOR, AT S 5 T L %
RE 5307 1o PR,k e S PR R R R
SNPHHINF-x B 1 AL i 5 Hil i N O 2>
IxBolffif . I Bofi & A 5, ALK
FE FRIRIE P 45 R — 8, @Ot H IR
£ IBE T A F M I SE T TNF-adfif HS C
[(INF-kB p6535 1, SNPRLWT T TNF-a/t 3351k
HSCHIZEAL, #iH] TNF-«xB p65iEE, sk S

HSCHIP T AR50 10 52 9t X 40 B AR Hoechst
et )5 JHIFSESNP ] 5 S HSC-TO T

JH 21 4 Al Ak 2 DU R A =5 () 40 i 4h 1A
Jii(extracellular matrix, ECM)7E T i £ U0
FARESL o T i S5 EC MR 2 B4y R
4 & A B E R (TIMPS) i i B 1FEC MBF
i, M T BB A BE AT 27 4 Ak, ARG 2P 5T
KHUITIMP-1Z 544 e sod i, JF 55
Y A0 IFRFE COEAH G, ARSLE Mt Real-time
PCRJ7 VAL TIMP-1, Procollagen I mRNA%
ik, &5 R RoRBEA SNPUWR B A W N, TIMP-1,
Procollagen I mRNAZFRIAFEZ J/>@ = 0.003,
0.004), $#£7~SNPHJ LAJak/> TIMP-1, Procollagen I
mRNAKIL, MM SNPH LU/ D TIMP-1,
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Procollagen I M #lHIATEF 4k, 25 5 54452 HE
HINOMMEZ 5 T2 M 4R 4 fb i 72, JRAE it
Tk v B AT A A R R AR FRATT T
FE HARIE 45 R —3%

GADD45(growth arrest and DNA damage-
inducible protein, GADD45) 241 il 4 ffd 4=
DNA#h i FRIEMEN, HENKES5H
I SO R Al P T 1 1 45, GAD D4R
GADD4SKIEH I — A, B T&NEA, &0
T4 PE T SE D, 2 NF-xBi#s, GADD45B
(MR IA T ENF-«BIWiE S, 4 fufX K FNF-«B
JEGADDASBI FJiF AT IR 723N, A st di ik
Real-time PCRJ7VZFIMIGADD458 mRNAKIA,
45 R WoRBEAE SNPIKR LA W i, GADDA45B
mRNAXIEBEZ /D@ = 0.001), HERSNPH] L
NRPETHE LRI GADD4ASBR L. K, AT
IHSNPFEFHS CH T 1 AT BEALHI 4 SN P i
FIHINF-k BiEPE, BHWT T LA RIGADD45R#E
i, NI FHSCH T

B, AT ASNPREF FHSCH T, Jksb
TIMP-1, Procollagen I mRNAZIX, HAHLHI T ge
53l i M HINFe BiGE VE, 9D PUiE o e Ak
GADD453 mRNAKIAA K. ALl IINF-xB
WA 7T SNPIE SHSCH T-/EH IHL, ik
JFF 7 LA T 1D 53 5 DL 04 (1 1 B8 4K
i, A LT AEA VR T 39707 1R P RERE A
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