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HIF-1 o FE R UTERE S PFZ 0 DA #1144
AHJFJE;-E HepG2 4 ity 3 5 Kz HHL il

ZE-F FF4H xmut RYH AHE FRKA ZEAE

WE BH HKiT#E2F5FHF-1a(HIF1a) AR RHHEA 48 1A (Tanshinone TA,Tan TA)
KBS T AR & HepG2 mfadg ey % R AUh . Fik RBEA HIF1a K HAZ 8 75 % RNAI A zc¥e
F 3 &R R A AR G| A I M R R, LR R A R R Bk, 45 8 HepG2 e, MR IKA S T HepG2
etk HIF-1a LB RE, Bamins h EF 3B ( 5 AR HepG2 mt) . Tt B4 (HepG2 4 it 4%
NC-shRNA) . F#.28 (HepG2 s 4t HIF-1a-shRNA) , 5 A4 3 5 8% (150 wmol/L CoCl,) An A3% J&
TRAL AT 5 8 RAK B ER3%, R Western Blot 4 &40 20 HIF-1a &8 R X IEE AR WK R, RA

CCK-8 #ml 5 mg/L Tan [T A 422 sk A 5 4F T & 20 4m B3 78 76 M 69 % vm, 5K B Western Blot 421 Tan
A &2t &mempn ) p53 4= p21 P Z g ki ey ¥, BER  (1)HIF-1a-shRNA 12 5% & 38 & 5 %
HREHERERG KB RE MM 24 h )G, 5 EF 3 BAR FHASBUAE, FHRA@mEF HF-1a &8
F A REM(P <0.01), (2)Tan A #EBF AR ABUEIP R IRA S T S A mg s, 5 Ew x BRaAR TH
T PBLA AL, TR AeIE A R IEM T (P <0.01, P<0.05), (3)M&AIZ/R & MmN 24 h, 5 EF
W848 B T kAT IR LA AR, AR e b p53 Ao p21 TR R G R A KPR R FH (P <0.05)., &it  HIF-
1o K BETKTHE Tan TA KA HepG2 4a ey 3§ s 49 ) 1A , L ALH T A6 5 p53 F= p21°7"A7 & & Kk
F LA X,

XHEIR A F RNA; A TA; 883558 FT-1a; HepG2 @i K5 mieigsi

Effect of Hypoxia-Inducible Factor-1a Gene Silencing and Tanshinone 1A Administration on Prolifera-
tion of Human Hepatoma HepG2 Cells under Hypoxia LI Guo-ping, PU Ze-jin, LIU Li-xuan, XIANG
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ABSTRACT Objective To observe the effects of hypoxia-inducible factor-1 alpha (HIF-1a) gene
silencing and Tanshinone I A (Tan Il A) administration on the proliferation in human hepatoma HepG2
cells and its molecular mechanism under hypoxic condition. Methods The effective target sequence for
RNAi based gene HIF-1a, human (Genbank NM_181054 ) were chosen, a pair of oligonucleotides were
synthesized and annealed to form double strands, and non-homology shRNA sequence as negative con-
trol (NC-shRNA ), then the double strands were inserted into the lentivirus vector GV248 and the recom-
binant plasmid were transiently transfected into 293T cells, and finally the recombinant virus. Then HepG2
cells were infected with the recombinant virus and screened by puromycin. CoCl, (150 umol/L) was used
to simulate the hypoxia environment for HepG2 cells. The cultured HepG2 cells were divided into 3
groups: normal control group (wild type HepG2 cells ) , negative control group (transfection with NC-shR-
NA), and interfered group (HIF-1a-shRNA transfection group). The protein level of HIF-1a were assayed
by Western Blot to observe the effect of HIF-1a gene silencing under hypoxic condition, CCK-8 assay was
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used to detect the effect on HepG2 cells proliferation by HIF-1« gene silencing and Tan Il A administration
under hypoxia. The expression levels of p53 and p21°~""*" protein were determined by Western Blot. Re-
sults (1) The HIF-1a-shRNA lentivirus has been packaged successfully. Compared with the normal
control group and the negative control group, the relative expression level of HIF-1« protein were signifi-
cantly down-regulated in the interfered group at 24 h under hypoxia (P <0.01). (2) The proliferation of
HepG2 cells in three groups were inhibited significantly by Tan II A administration in time-dependent man-
ner from 8 h to 48 h under hypoxia. The proliferation in the interfered cells was even less than that in the
normal control and the negative control group (P <0.01, P <0.05). (3) Compared with the normal control
group and the negative control group, the relative expression levels of p53 and p21°"""*" protein in the
interfered group were increased by Tan II A administration under hypoxia at 24 h (P <0.05). Conclusion
RNAI targeting HIF-1« enhanced the effect of inhibition proliferation of HepG2 cells induced by Tan 1T A un-
der hypoxia, and its mechanism might be related to up-regulating the expressions of p53 and p21 """

protein.
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M 4 AP B S A IR D At s ( hep-
atocellular carcinoma,HCC) 54 hE 22—, B
AN TE BAA R ER B T B 405 2 71 (hypoxia in-
ducible factor-1, HIF-1) /& B 2 ik, 1 HIF-1
HIF-1 oAl HIF-18 2 N34 i, Hod  HIF-1 o 37 S bk
AE HIF-1 (36 HIF-1 o 2 e 20 B X i 4038 07 s o
(A HR L BT P88 200 B i 37 fole A2 O 45 1 B 3 1
RIEFEZEEM" . F128 1 A (tanshinone 11 A,
Tan TTA) ZMfE5 2572 P 4R BUW SR 2810 &
Wy, )z N TR SR O R , PRI R 2 R g R
YR, P B AASE . AR R Tan TA A
A VTR BB AR, Xk 22 e 20 B (an FLAR g L AT
Bl Ji a5 B iR R L I L R SR ) A
WA BGE S U TR Y S R BT R,
5 mg/L Tan 11 A figfs 8 & M H KA HepG2 JIFJ# 41
JLs 5 5 S HLR T, HHLHI T RE S Tan LA #Bi
HIF-1a® [R5 & BB A7 p53 R RIEAFEH
K Wit Tan A B HLE, ABF9E %
F RNA T4 (RNA interference, RNAi) % A 3T 2k
HIF-1o 5 IR DHTTER HIF-1 o ZEE X Tan TTA #H
A ST HepG2 AT 41 i 78 1 5% S HALH

MHETTE

1 Uitk A HepG2 it 4 e ( = B} Be
VAR ) A1 293 T 4 fig I 35 9L 3 PR b 24 B R A B
ol

2 O FEEEN ANEE  Tan T A (5
Y0001560 ) b2k 4175 57 S A4k (CoCl, , it 5
V900021) . —HI %L i (DMSO, it 5. D8418 ) Iy A

shRNA; Tanshinone II A; hypoxia-inducible factor 1a; HepG2 cell; hypoxia; cell pro-

#%[® Sigma 2\ 7, DMEM 5% 55 3 (it 5. 0446 ) |
0.25% Trypsin-EDTA i (1 x , fit*5:1297729)
W H £ [ Invitrogen A ], T EH R MBEERERZRAR
(H 8 % 100 UmL + 5% £ 100 pg/mL, it 5.
15140122) S 4+ M4 (Hit*5: 16000044 ) 14 [ 5 [
Gibco /A w189 i 2 iR & A H ) b L
k23 AR A B2 7] (165 : 1pk001 ) , CCK-8 X7 &
Wy H HA A2 7 (5 CKOo4) , S it A p53 Fi ik
(it %5 2527s ) R PL A p21 7T B ik (HHE 5
2947) (RPL B-actin PLik (L5 :58169) Fhif IgG
(415-:14708) FIEHE 1gG (#t5:14708) K [ 2
CST A, BCA vk B2 I il ) & (fit 5
P1511-1) \ECL fb2% & ik 5 & (45 : abs920 ) 11y
B bt 1] 3 5 4 R 28wl 2ot s (LS N-
STORM&A1, HA Nikon A7) ) , Z gL (B 5
550, [E BIO-RAD 24 #]) , H1Uk{X (A5 EPS300) .
SR (H5 VE-186) | HL UK (#1445 VE-180) , Il H
g RAERHL AT,

3 4R ¥ HepG2 4fd i 293 T 4 55
F& 10% IR 1% 100 U/mL 2 Z F1100 pg/mL
iR 21 DMEM 552 5k 8 T 37 C.5 % CO,1fu
B B SR A bR LB R, IR G IR AUk
150 wmol/L CoCl, KA FREE

4 Ik HIF-1a-shRNA 1895 35 T3 80K 1
Ay e 20 L

4.1 HIF1a 5H shRNA F BS54 K
J& GenBank {1 A HIF-1a 3 4K % B ( Gen-
bank NM_181054) , i % i GE 4% A 2L LB HIF-10o S
HY#E 5 751 5'-GTTACGTTCCTTCGATCAG-3', i%
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& B — X B A 19 % & & RNA  (short hairpin
RNA, shRNA) J¥ %1 ( DNA oligo), iF ¥ f:5'-
CCGGGTTACGTTCCTTCGATCAGCTCGAGCTGA
TCGAAGGAACGTAACTTTTTT-3', Jx X4k :5"-AAT-
TCAAAAAGTTACGTTCCTTCGATCAGCTCGAGC
TGATCGAAGGAACGTAAC -3', [Al i L — B A%
XA AT J55 BRI A TG G P SR A B P ) BR ( negative con-
trol, NC). # DNA oligo iB Jk i X} 7= A= X4k , i i
Howism i & BEUI0z 5i(Age 1 F1EcoR I )RH] T4 %
B2l SV R F A GV248 HE TR M E
2018 955 2% 5 k: ( HIF-1a-shRNA-GV248 #1 NC-shR-
NA-GV248) , 54k B KT H DH5a, 42 PCR %
8 K g e L IER P . i B WL R R AR
PR W) 5 1A At o 26 SR

4.2 1SHRE IR AR MO BRI E % 293T
IR B ECE K, S R B S U R R R
A BRA Ve Gk R G Ul T A3, 23 0K 20 pg HIF-1a-
shRNA-GV248 Jfikia 20 ng NC-shRNA-GV248 i
ki 25 pg 18R RS A R (pHelper 1.0 Rk
15 pg.pHelper 2.0 ZARFRL 10 pg) F 4L Ui TR
S1IOFAMVEE 1 mL, I E 15 min, B4R 5
SIHINZEREFET 10 om 40855 LA 293 T 4if
T37 C 5% CO,i5effirh i 5% 6 h, i ly 58 k57
FEBEFE LS AN T 25 M4k 6 98 6 5 11 (green fluo-
rescent protein, GFP) 31k ,48 h 5t 8N
iHW 4 C 4000 xg #5015 min, FIEHO0. 45 pm
JEERITIE , TR 4 °C 4 000 xg B5.0> 15 min, WAE R N
R BRI R R A, 3 S - 80 °C RAE, IF N
A BRA BRI TSR R B o e 1T B, IR A
Joi BRI P = 175 A M50 7 SRR R

4.3 FEAMEIKTEHY HepG2 4ifils  Buab Fxf
BRI HepG2 4 T45 44 fi 1 d #2706 fLik,
FFFLAERN 5 x 10* M4l ,37 °C ,5% CO, 8555 , kY Y
K#E MOl (multiplicity of infection)1,10,20,50,
100 AL AME, INALHREE S 5 pg/mL f %% Y3 5]
HEB I (polybrene) . 12 h J5 5 4 ok 5 4 1% 352 4%,
72 hjiE FHE) 92O B M 8¢ GFP 3R 3K 1% .
2 dE e 1 ISR, G YL 70 % I, i ACEERS
B R I T R DD , RAT R e YL i A R

4.4 Western Blot #ill HIF-1« JLER)E H A&
H HIF-1o £IETEOL 28050 3 4H, 1R X IR (R ¥%
ey B AE R HepG2 4 ifl) . T-4EXT R 4H (HepG2 4 Jifl
Yt NC-shRNA ) . T #t 41 ( HepG2 41 fifs %% 4«
HIF-1a-shRNA) JJOHUE KA KORS R i1 3 4

i, B A SR A B 55 24 h, 412 T 4 °C 2 fi
YU, B KB HEESO 1 min, BB E RS & B 50 ng &
RSN EAEZE i 2 10 min,10% SDS-E N/
Pk EE I LUK (SDS-PAGE) ,f T B B 2
PVDF fii5 I~,5 % BIEWSE A 1 h,jm T HifAk(1:1 000
FikE) 4 CHFE . TBST PEE 3 ¥k, 4% 10 min,
Il 4t (1:2 000 i B¢) = EME 1 h, TBST VL
3 K, B 10 min, k¥ &R

5 CCK-8 ¥l Tan A 3%/ {48 HepG2 41
M FE B R0 A B B3 4140 R 5 x
10* AN /m LY BA20 i B, BT 96 LA, AL Fh
100 pL.%3 5 F 24 (CoCl,.5 mg/L Tan MTA)8,
12.24 48 h J5, 7 RIHIG 33, B h %4 CCK-8
FIEE SRR AW, 37 CHFE 1 h J5 F R G2 A
D5E ODyeo Ab MMM, A 6 MR FL, LK E
53K,

6 Western Blot #:{l] p53.p21°~""*" & 19 %
ik b3 M T inZs (CoCl,. 5 mglL
Tan TA) 24 h J5, W 4E 40 ig, Western Blot £ il
p53 A K Tl p21 7T R Rk

7 GiiteFdrik JH SPSS 19.0 St b kAT
ShTe B x £s Fon, Z UL LR ] one-way
ANOVA P <0.05 HERHGIT¥E L.

# =X

1 Rk HIF-1a-shRNA 18558 T3 a8 14k 1Y
TUBRAICR

1.1 BN EE S SR BRI 2 (B 1) NC-shR-
NA il HIF-1a-shRNA 20205 # 45 JL 293 T 4ilfi )5
48 h, 58 FOGRTOE R T W 293 T 4 KRS
R4, 2B, RN S, 40 eS| B0% R 57, 2 U
G, HF B Rt 90% , UF B 18 5 754025 20
WA RNEERHE N 5 x10°(TUML) .

B 1 AL BB A E A e
Yy 293T 4is  ( x400)
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1.2 HAMENREEEY: HepG2 40l b TSR
KB 2.3) 2518055 MOl =50 B4 Jeii
o H MRS B AT, 2 Western Blot #:l HIF-1a#E
FORTEBULER, H A S N IEH X IRALA HepG2 4iifi)L
T HIF 1o A R ARG IR 24 h), 574 B4R
THIRAL HIF-1 o TR G 8 BT, P 2 8] He g
ZERTGE T (P >0.05) , i THE2H 40 HIF-1a 5
2 W s , 5 1 X BRAURD TPt B4 Lo g, 22 5%
ALEiFE (P <0.01),

B2 Mty BiEt
Yt HepG2 4iffi  ( x400)

XA 5 41 95

A B EH T THA
MR Pl Al
Lk i
HIF-1or [ ——— 120 kD
Bactln 43 kD
B
o 3
P
®
E 2
{a
ER
i
T ol -
EH T4 Ta‘)ﬁfﬂ
XTH’,’\f’H AHRAL XAl
A iz

VA A SR E R SR 24 h 5 HIF-1 o B EHIKE:B K
HIF-1o 26 A X 28 3K 7K 5 S5 AR S0 4 1R F 16 3 % HR 41 L %%,
*P <0.01; SIRELAMT T RA 4, 2P <0.01; FEF
B3 Uik HIF1« X HepG2 4 HIF-1a Y

FIB R0

2 Tan I A AbEIXHIKSE HepG2 4 44 56 11 52
(&l 4) 34400755 mg/l Tan [TA b3 KK 4%
Hig7 8.12 .24 48 h, A /EF I E] ) A4, 4 i 3% 58

i 2 3, BY Tan 11 A BE I 8] 442 861 2 410 )
HepG2 Zi s, 15 15 % X R 41 K T30 %t B2 He %%,
THe A 4 LG 5 K- W e 2 3, 25 A T L
(P <0.05, P<0.01) ,fHTHLXRAL 5 1E# % 412
] b4, 22 S/ ogiit2# i L (P >0.05) .

*kAA

80 *xAN *4
70 PN T - R AL
100 3 FHx AL
;\@F 50 = Fh4l
i;_;: 40
= 30 il

A |

8h 12h 24 h 48 h

o

e HIERE XA L, P <0.05, "
IR He#, 2P <0.05, 24P <0.01
4 Tan IA AEFXHLHAGE HepG2
2 PR3 B T P 1 5

P <0.01, 5 F#xf

3 Tan II A 4bHEXHIK 4 HepG2 4f s p53 Fil
p21CFWAR I I Rk (&’ 5) p53 Fl
p21 P AR R P T A A A W S L, 5 TE 9 PR

R TP IR OB, 22 A Geit 2 8 (P <0.05) .
Wit

ARSI R AR 2 il A0 (RIS 75 T PO A ik
JE 4R E G ) CoCly ) ke A5 480 i Ja 41 it ke 40 1ok 38 B
Co’ "fE i #lE HIF-1a /3 FH 5 VHL Z R-EAME &
REE A RN, Se P HIF-1a 5 VHL 22 R-H (1
HAWES G, SRS HIF-1o B A7 M T 240 i N HIF-1«
HER, Bl 40 HIF-1o B9 SAE . HCC il
PS5 A SR IR , (5 p T iR A0 A L 43 Ak R
ﬁztﬁﬁﬁ%ﬁ?‘rﬁuﬂqﬂﬁmmiﬁiiﬁxﬂ%f: )
SRR Ab AR X B AR A B, 1T T HIF-1a
(223K, T HIF-1 o 38 528 1875 55 i 88 200 1 B o R
LA A AT AT 43P AT T A G Y L R 2 1 0k 1
i 0 BT S B SN, O 2 P A A A G, i v
A AN AT TG BE T, AR A7 R | 39858 3 40 i £ 7%
AW AT DR e, LR B A BOBR B R
HIF-1 o8& R ZRIA AT RE WIBYT HCC 48 T Mk i 42 41t
ARt T RNAT A R 2k i A 1 TR 2 7E
PEAE AR o BE AR SF I Ll BUEE RNA 175 & 1 [R] T8
MRNA EChE LA B 42, Rl Rl bk
MR R 3k R LAY RNAT AR A
siRNA (small interfering RNA ) .shRNA #lI stealth
RNAi, shRNA G35 P50 S 1) FE F 81, i) il —
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A p53 | — ‘ 53 kD
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D 15
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0.0

2 S S
WA ARl

A C N 3 AN (R IKIET B D s AT
AKOE; SRR GHRLL LA, P <0. 055 5 T4 %) BR41 Ho 2,
AP <0.05
B 5 Tan IIA 4bBEXFE AR E HepG2 Z0fE p53 Fi

p21 AR (IR R

ZEINF A O3 B, SR e FELE R, i pol TS 2l 4%
il , i 15 2 6 4~ T /E8 RNA R4 il I A% i s 4%
1B TR NI R I BTk ok, 48 Dicer i
Ja R SIRNA A AFTTBRAON , F 3 20 MU AT R e Ut
ZRALIEIN ' RNAT HAR AN M (Y T7 v 2 24 W R
PR YL WL EE LR Yk R DA Yk T B A
B B Y s . b B R e A R I R
BECPE DA R 28038, B A 17 B, B U O 20 ML PT DD RS A%
A Z R0 R A R 3 T A A S 5 g A A S A
AN A IR NI E AR T, 1
TR AR shRNA BiAR . 4055 1Y 5 24 18 9% 55
%3k 2 A& NC-shRNA-GV248 #i1' HIF-1a-shRNA-
GV248 %YL HepG2 JHm 4 M J5 , & (0 98 M £ 45 21
AR L TE HepG2 4l 418, I R Bl & 40
LA A AT SRR Fa0a 55, LR S A R A T R i g

AT 8 e e i T H0 X BE A B T 90 41 4n i kL R A
Western blot # il ik 5% 1% 4 45 41 & i 41 20 A #k
HIF-1o 2 ZRAHE T, LR RNAT £ R A8
BTN HIF-1 o LA,

FEMPIRE AT B, I R H T AT 259 e T
AN [ SR S 244, A Hizs 32 31— BR- ) ik
AR, R UE AL G 2510 KRR o3 PR PR A, AR R
RN G RS TR F R 2 KR &
LIRSS R TR =R N R S R =R iU P gy O & E RO
AN BB, B — BT 258 % . Tan TTA
VENEG 25 P15 1) B 28 SR oy, BB T 21
A FRTEE  BR T O I VR RN, B RIS & B
22T I A L EL AT 0 AT g 0 P, AL 5 B il
JIRE 4T DNA A a5 BELYA 2000t ) 300 | 80 T A O 3
PRI 375 T 40 000 1 L 400 o) D o 56 DR A G il 218 3R
L2 L SERTRORTIEIESS, Tan TTA
A% 0 2 1 I 4 HepG2 41 il 14 41 - 5 S LR T,
HHLHITHES Tan A 6] HIF-1 o 8 1355 ) Bl
PP p53 AR EAG K L AT, 4
FEAGINEE R 7R ,5 mg/L i) Tan TTA 5 s [R] 4% i 4
TR HepG2 4 A5 , 112K F RNAT HARDTER
HIF-1a J5 Tan 1T A X HepG2 4l fifd i) 41 il 3% 5 i
HE— 2140, $2 R % B RNAT A BH T Bl 48 &5 140 F
HIF-1 o 28 1 I 220 M T, FRIBE A5 At T B, AT A &%
P S AR BT T B M AR MG 5, DA HIF-1 o Ry
Al e LR KSE AR HCC BT 1E

p53 JEA SN 1k R B 5 I A R R R N
BN 75 PR A i B A R PR T R R
BWVER A B A RS AR R 2 B, Fogmtish (v 7= o7
FANMIAZ, & —Fh o> FH 290 53 kD W & BE & E L 1M
A S20G {8 A9 HepG2 4Hi bk 119 p53 Sy i AR 75410100
IEFAESUT B4R p53 F A 78 4i M b 2 B K- %
ik, A& MDM-2 ( murine double minute 2) i# it >
21k p5b3 L AN p53 By 4% SFKIGTE , MAEAR
AT, BAM HIF1a 71T p53 A MR IL, I
figiEd 5 ps3 H e 45 MDM2 254, B 1k p53 &
FI 8% MDM2 &2 A, AT 51 2 p53 ik 12 1 i 1k, 12
HE pS3 R A LA T L p53 X 4R i JE B B I
FELE A PR — 2k DNA & HlE sh iR &
LS BHIE A S 1, — /& p53 L[N Al fE & — Lt
IV 240 A 398 7 R %) s X A s DT %o 200 L ) 3
ST SO B p2 ARO[ R O 4
JIZ A ] A AR 1 2R 8 ( ey clin-dependent
kinase, CDK) il il Al 7, [A] I, & p53 A f H 22
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R W A P 2 —, B AR BU Ry p53 M AE 98 W IE
p21 WAF1/CIP1 % ,ﬁﬁ;iﬂﬁ%‘:{]‘iﬁ, p21 WAF1/CIP1 % Eﬁ%@z
5 cyclinD1-CDK4 D)}z cyclinE-CDK2 %5454, )
Al COK f3& 14, (40 M ik A S A 32 BH., 7E iy 41 )
2R, p21 ATV b e S 4 A0 A% BT R (pro-
liferating cell nuclear antigen, PCNA) 254, #lilil
DNA &l =z, p53-p21 AP i 1 i 1 %
AR 10 40 s 22 | BEL L e 2 PR T L LR
AR S AL AETE Y, S — AR Tan TA
MHEA HepG2 4S5 5 HIF-1o FER I C R, K
7% HIF-1 o P10 p53 K H T WY p21 ™47 45
FI IR O, 45 R B HIVTER HIF-10 7T LIKE 58 Tan
TUA it 240 B G AR, TR) Bk R 4 Py p53 2 11 %
HRWes e p21 MO ek R, el s,
HIF-1o 2&H K [ A7 Tan A # G858 i 7% 5 40 i
T 8 I 2RO 200 i S 2 ) 8 4 R 41 i 1K 450 Hep G2
AN A B, TR R — ARSI AE G A R T B A AR
JaI 3 R HAR S P 8 R 2B 1 O

Zi B PTIR, AR WT TR T8 7 R K R HIF-
1a-shRNA-GV248 , it 57 1 2 E # 4¢ HIF-1a-shRNA
AT HepG2 41 itk , & 30 H: i B I 41 1 1% 480 4%
FF HIF1 o A FA, H HIF-1 o SEFEUTBRBE 53
58 Tan ITA 940 Mg R 45 T, HALE T RES b
p53 e LRy p21 ™ I R kA . A
RNAT FAA A AR T IR A0 HIF-1 o
b, WSS G AR 25 (I Tan TTA) #1730
I7 B T RE R — Rl R B R A Y 7 O T

GUETRL T W

& X X #
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