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Abstract

AIM: To detect the expression of hypoxia induc-
ible factor-lalpha (HIF-1a) in human hepatocellu-
lar carcinoma and to observe the effect of silenc-
ing HIF-1o gene on the proliferation and apopto-
sis of hepatocellular carcinoma HepG2 cells.

METHODS: Hepatocellular carcinoma tissue
samples and matched tumor-adjacent tissue
samples were collected to detect the expression
and cellular distribution of HIF-1a by immuno-
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histochemistry. HIF-1a-specific miRNAs were
synthesized and screened. After HepG2 cells
were transfected with a miRNA, the expression
of HIF-1oo mRNA and protein was determined
by real time-PCR and Western blot, respectively.
Cell cycle progression and apoptosis were quan-
titatively analyzed by flow cytometry and an-
nexin V-FITC/PI double dyeing assay.

RESULTS: HIF-1a was distributed mainly in
the cytoplasm and less in the nucleus, which
was especially prominent around the central
vein. The positive rate of HIF-1a expression was
significantly lower in hepatocellular carcinoma
than in tumor-adjacent tissue (80% vs 100%, xz
= 2235, P < 0.001). HIF-1a. expression was cor-
related with tumor size and differentiation de-
gree. After HepG2 cells were transfected with a
miRNA, HIF-1a expression was down-regulated
in a time-dependent manner, the apoptosis rate
increased significantly (P < 0.01), and HepG2
cells were significantly arrested at G, phase (pro-
portion of cells in G, phase: 61.49% +1.12%, P <
0.01). In the presence of doxorubicin, the apop-
tosis rate and the proportion of cells in G; phase
were increased to 36.99% * 0.88% and 65.68% *
0.91%, respectively.

CONCLUSION: Abnormal HIF-1a expression is
associated with the development of hepatocellu-
lar carcinoma. Silencing HIF-1a, gene efficiently
inhibits the proliferation of hepatocellular carci-
noma cells possibly by regulating cell cycle pro-
gression and apoptosis.

© 2013 Baishideng Publishing Group Co., Limited. All
rights reserved.
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inducible factor-lalpha, HIF-10)% ik & ¥e 6y 3
KR 3 F AT o A3 5A.69 R vm.

Fik: VA B F B st ok KRG IR AR B 4
L, R R ABAF G E RS THIF-1a N &
KR A RHIF-10 3 B B3] A R miRNA,
i i T A F KA FH H AT R (HepG2) i,
VA % %, & &-PCRA=Western blot% 7| M HIF-
laks F Ak G &k, FAmiRNASE LB AT
FE)G, X pssmn i i HIF-1a
*FHepG24m it 38 74 49 75 7).

R MEAREFAAEHIF-lak L EHTE
AR, AL TR AR Mz, 29 4 F34, F
Sk Bk B B BA B Hre bk s 4 2% h 80%, Ik
T 5 100% &35 (3 = 22.35, P<0.001); 5 51k
KohFe AR EAR X, HepG24a L ZmiRNA
F#J5, HIF-1aZERNAF & & K -F 25 F %
87%A256%, & & A AL 1=(22.46% 1+ 0.61%) A=
G #AML#(61.49% +1.12%, P<0.01); An AT E
F )Gt oA T FFeG A R 5 5 36 £36.99%
+0.88%4765.68% =+ 0.91%.

L8 HIF-1oat £ ik 5 B e £, 457
MEmiRNA¥e sy HIF-1o, ¥ 84% 2056 B A4, @it
Ak B T GG AU A9 ) 5 4 RO 3G A

© 2013FENTBEBEREDIERATAE.

ST P BORASE F-lo; miRNA; ERIT
B A

DR R: A @ AT % (hepatocellular
carcinoma)fe it F 5 | AE LS ik H A%, B E.
FT e 4m R ¥E 98 K 4 5 BB B ER A, BB BRI T
B F-1o(hypoxia-inducible factor-lo,, HIF-1ar), i
W 58 5% o A RT AL AR 0 ILIE A R AEAS, k)
R A A, KBRS T AT i B B 4L 4R
HIF-lo& i, FVAmiRNA S I AF & & £k sh T
Pogm o, P HIF-1o0k A, YLEHT 5 20 0L 08 = Ao 3 74
JA R840 AL, R B 28 4% MHIF-1ok ik K F 5
F &, HARANRE B R BRI A ERE
WAk, SWEBHIF-1007 # 48k 2.7 | A2 69 HIF-107t
B, YRR R IG FA, ST AE A — b 4E B R ek 5 )
T BT 64908 77 .

T2, ok, ME, Bz, [HHE, /O, giEE. MERES
SRF-1aRANITEMBILENBCOFI0. BRENE
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B4 o vk B9 (hepatocellular carcinoma, HCC)
e Z AN ZHBOKE. Mt EE . £S5
JPE D 2 TG 22 i B S0 1) S A 08
U2 T e 40 i 348 5 2 42 5 B80T 25 W A o A3 484
n, FEMS MR . HREAL . v AR R
I WK R, LR S BURMEES. iFdl
ZU AR E, WOE B AEIS T X - 1ohypoxia-
inducible factor-1o, HIF-1o), 42 4F J3E X 41 B #%
WS HIF-B ARk, 456 T HRF TR
DA, R — 2R 5 A0 PRI NP TS, D T 8 o T
BE L A MG A RS . R AT 52 . 9
HIAN AR IE TR 4™ HIF-Tos2 A 5 2B B A
o PR AIG A8 S Y 1) QB B s IR 1, AR AR A
IR AR S, AR KR g B, TR
PRI B A “TFORHEIN |, WOH T 2 6 R Y
PEEL R, HMIE A R RS &
DIF OGN RSOy T I S L L ZAHTF- 1o
RiE, I LImiRNALEMSN TP 41 R HIF-1a
FIE, B R A 3 OULEE0] T A0 M 0 1
B I AR AL, DL T HRHIF- 1ol A 0 JH-
20 0 P S B A A T S L.

1 SRIASE

1.1 A 3540 9 4 2V 1 R 30 K27 B s e
2012-03/2012- 12 F-ARAsAR, brAY) T 54240
/LMW 5 « I . A e i OR Ay, 2
Jod B2 A UE S Ok JH- 4 e, b 24k 8491
thar k220 ARSI 5330%1, 5l RS
35-69%, ‘F¥J51% £9.19% . JEkt HAR M 1.0-12.0
cm, T H4.65 cm+2.96 cm. I 5Lk 28171,
22T A 13 SE BERE VT TR, de 4
FEL P B v Bl A 2E 5 IR v A% S 2 . B BT
N HIF-1o 50 B HTAAR(Abcam, JE[H); XU 2¢ G2
g4 TS K. pGL3 A pRL-TK(Promega, 3 [H);
Annexin-V FITCH T £ 1A7 & FuGENE HD
4R F(Roche, fE); Premix Taqlf. DNA
Marker. T4#&#:8. Xho- 1 - Hind-1I1 JSYBR
Premix Ex Taq(TaKaRa, H A); RevertAid™ 5 —
FEcDNAS A £ (Fermentas, F%E); peD-
NA™6.2-GW/ EmGFPmiR# A, HiAMHE &
BLOCK-iT™%EmGFPJPol II miR RNAiFKIA
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#F AR (Invitrogen, £ [F); DYEnamic ET Dyeill /5
(Amersham Biosciences, 32 [H); Top10/E32 24
MCE BAEY)); T A B-actin—Pi. HRP-FEPLIR
“Pi. SDS-PAGE. BTt br#E. PVDF
i, BCAE A, Fhit e~ RAEMHARA
PR 22 w]).

1.2 7

1.2.1 BF ERNAF &5 K E 547 FREUF412150
mg, & T JGRNasefJ2J K25+, TIARNABLE
IR F(TRIZol)1.0 mLAJ22 min, 754953 N
SRS AT, L, FIEWOR NS
WNEEIRA), T O IFE T LR, 71 g R
iS5 min, JMATEZ M E60 C/K#10 min,
I -85 CUKFATRAF & M. RN ASSIUE &
R O ML, T U V-2201 K 4856 6
P ERGIRN AW G A 5, H S BRNAWKSE
(ng/mgZl2?).

1.2.2 R BT 54 R DL e 421
A 2R, IR BT . ZHZR) i B
it K KAV IS, LAEDTAZE MR e 5 s 5
10 min. JIAHIF-lo—¥i, EHEFE1 h, BFRH%
G (PBS)WEVR3 IR JE ISR A 8 i 71, 0k
5% 520 min, PBSTEVEVI 300G FE DA L, =
M9 F 30 min, PBSYER3IXE40.1%DAB WA
5 min, FSRAKFAMYE I WK, EH.

e DL A 2R IA HIF -1 o 1) 3L 1 968 41 234 BH X6
M, DAZH ZArp S 7s B (0 0K A HIF-1a 4% (4
PE. BIPEZE M TE G B bR A D) S A A
BEALIET (X 400) 1 BH A 40 M T2, 42 BH 1 40 B G
BT A 3 €6 G () BT 7 L9 £ 93 2 HIF-1a4s (]
PE), FHPESH M $<10%; HIF-1o4e (55 B TE(+),
10%-25%; HIF-1af iR ZE B PR+, FHPE40 i
HTE26%-50%; HIF-1o 44 8 5 5 BH 1t (+++), BH:
4 I %>50%.

1.2.3 sz FH@EA Mk HepG2, M ATHLIL)
WIE IR G, BIRPMI 164058 2197 (& 1% F
DHIREERR), 37 °C, 50 mL/L CO, 5 100%% % 1]
SN T RETR, ALAR, BOSE A KSR 73 A e
Fi BITEAT-PUAR, Rl an i s v A R I, 5
TR ZH 4 51 A B 25 25 2H.(0.5 pmol/L) R TS
B8 22 41(0.5 umol/L), R 3MNHFL. A
YLH R, B AL I A R R il 7
R, T4 nsE i HIF-1 o8 R G Yt e, T
BEYLSS 24, 48172 hiStAEAN .
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1.2.3 miRNA#%it: AHIF-1la. mRNAJT%
(NM_001530), HInvitrogen miRNA® I &
G AR miIRNATE R FBEDN A, K4 X}
oligo % IR KO AUEE. 4R Je F 2 /R A4 s 77 4
BLOCK-iT™ Pol II miR RNAi Expression Vec-
tor Kit with EmGFP(Invitrogen/A 7] )T E 41 70
B, K WUEE I miRNA oligoss Hifi AF/miRNA
FiLH ApcDNA™6.2-GW/EmGFPmiR 1, 4
AmiRNAFURL, JiiE P08 e fE— X P51k
5-TGCTGTAAAGCATCAGGTTCCTTCTTGTT
TTGGCC ACTGACTGACAAGAAGGACT-
GATGCTTTA-3'MI5'-CCTGTAAAGCA
TCAGTC CTCT TGTCAGTCAGTGGCCAAAA-
CAAGAAGGAACCTGATGCTTT AC-3', Hrhn
NRIZH A AR E A, IR 2RISR
1.2.4 mfn#4: FuGENE HD#: Jeik ) #% Y
Hep G241 ffl. #547724 higfL3ER2 mL 4 i B
W, WREE 1 X 10°/mL, {55 YL I 40 g 2% i ik
80%-90%. EFL N Jik A AT A%, RPMI
16405¢ #4100 pL, EHHEFE 15 min, LA
RS Rl R e AW, W
TR, PBSUEM M, I TR AL 7 Gl A
ERGY), e eiigisb 22 mL, %45, Bk, T
HGL)524. 48172 hHL 4 i 4% .

1.2.5 F#akF4m: PLQuickGene RNA culture
cel A& T 1% A )42 A (Fujifilm, HA)
FEHUERNA. FIH S — 8 c DNA G SR &
(ReverAid™ First Strand cDNA Synthesis Kit)
ZRT-PCRA AN [ cDNA. LA 4lc DN AFE
MBI, A G4kl Real-time PCR, H
b B B4 5| ) HIF-10-FAHIF-1a-R 17
51535 J35'-CCACTGCCACCACTGATGAA-
3'(nt 2254-2273)F15-TTGGTGA GGCTGTCC-
GACTT-3'(nt 2412-2431), F=4) K/ 78 bp, Ik
HEER60 °C, AEMPAREREL A 40. R AR i 172
T H A A B9 18 LA, mRINA ARG AR 4k
AR Ratio = 2727, LIGAPDHIE NN S, %
FEART L3R,

1.2.6 Western bloty#7: HI1E10%7 B K, 85 40
ng, I EFESE PR, WK fE BRE, THR80 VX
35 min, J5100 VX 60 min. &5 %5 #5535 4], BL
JEFHTBS-TESE, it AHIF-10(1 : 500), 4 'C
R, EEE, IMAHRPARICEPL R IgG(1 2 1000)
i, WEE2 h, U DABEAIFRAH.

1.2.7 Annexin V-FITC/PL %47 W I AL, Hefh,

Wi £BHE

T A 8 AR A
%, HIF-10 T A
#VEGF#=Ang-2,
ok A R, W
FHKHIF-1aE T
AVEGF. Ang%,
3 A ) o AT
A, P A
45 E(STC-2) &
T FF A2
HIF-1a#y 45 415
%, HIF-loA-%
STC-2it & & 7T
Liflcyclin D#g &
ik, mieG,/S
% HIF-1a F
B ESTC-2 & ik
AL Z T A,
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[ EF ¥4 St g 1 FFERESEAHF-10RANEEE
N w0 A 5 NG LULE AT x 2001, A: T4 B: 35, HIF-
JF 4 BV T 20 M‘ ! Ta: BREE ST 10
g HIF-1o/ e
VAR v

BT o 4R,
R TFHIF-1ak &
¥k 5 % R R4
LAY A ESRE
yAn k. Ml it
miRNA B AT
F % LKHIF-1a,
5T i A B A5 A
#HIF-1o7t &, ¥
) 5 4m LK 7A.

(49

TEE
Jaishideng®

2 HIF-1o. miRNA¥ZHepG24BIRRSE RRIERIIER( x 10). A: FOERIEIAL B: [F—EE B EIA, C: BhA . HIF-1a: il

HFHFHET 1o

xR 1 FFERERBLRERNARHIF-1aZRIEEVDHT In = 35)

o ERNA(ng/mg) HIF-10.68 ) (]
(mean + SD) - + + + T

Veslan 12.4 + 7.3 7 21 7 0 28(80.0)

s 53.8 + 52.0° 0 10 18 7 35(100)°

°P<0.01 vs JEBkt. HIF-1a: FEIEBRF-1a.

R, MRHE B I AR AR ). e 0 BT 8 3%,
148, 72 him, WeAdn i, B0, Pedk. A
Annexin V-FLUOS/PIVR &1, &40, Y, i
T A A T AR
1.2.8 @ Ra B 40 AL A I, B, 559R 5 5
BEFREE, AR B v I NAH R, 7 G IS n p 27
=, RN, [, ek, Db e TR A,
B, 12300 H i, LL488 nmik K i R e
I, Macguit 7347 40 1 = 3.

it 03 Bl Dimean+ SDE IR, FEA
H 1 LR 5 2250, W LR Fg R 6
FHSPSS13.04¢ th B AR Ak B 43 B 4icdls. LAP<
0.05K /"7 AT Gi v 27 s X

2 #£R
2.1 A8 HIF-1lakix 5 245 AL b
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SR F e B e S5 20 2R HTF-1 o BH P 3208 S AR
o, BRIk, B e T MR, S T A
T ZRHIF-10 81K 35], IRFEIX A il KR 121
ZHIF-la KA 2 (B 1A). i 55 U5 R bk
s B A0 2R 4% 2 Jrh e ik R N HITF- 1o 38
KW B (E1B). FFEHIF-10 5 0H M F & 2801 by
RB80%(H)-(++), 20%(7/35) A W45, A
ZIHIF-1a 1k, TE DL EGRAE (++)-(+++)
1 71.4%(25/35), Ji I B m TR AL =
22.35, P<0.001, ¢1). HIF-1a 61k 985 5 /00
FESFARDE, m - <h 2<% 2 10(P<0.05), &5
PR ACH . HBsAgE YL )1 A UL W] AR K.

2.2 HIF-1a. miRNAZ%% % 5 %52 HIF-1o. miRNA
TR YeHep G241 i, T-# 44524 hii T W
%, NG T Hep G241 M i S (0,5, #5424
Fik45%(K2).
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mi:A2E
TAE R TACE-Z %,
R T 5 KA

24 h 48 h 72h
ﬁgﬁ CtHIF—Wa CiGAPDH A Ct C‘HIF—]« CTGAPDH A Ct CtHIF—Wa CtGAPDH A C1
ZH 1920 1470 450 1630 1320 3.10 16.80 13.60 3.20
19.30 14.80 450 16.00 1290 3.10 16.80 13.20 3.60
1950 14.80 470 1620 1270 350 17.00 13.40 3.60
BEME 1790 1350 440 1660 1350 3.10 1880 1520 3.60
18.30 1330 500 1670 13.00 3.70 1880 15.00 3.80
18.10 1340 470 1650 1330 320 19.20 1540 3.80
F4f 1890 1360 530 1850 13.80 4.70 23.10 16.80 6.30
18.90 13.80 510 1830 1360 470 2350 16.70 6.80
18.90 14.00 490 1800 1360 440 2320 17.10 6.10
ACt = Ct{HIF-10)-Ct(GAPDH). HIF-1a: REFSHRT-1a.
24 h 48 h 72 h
e AChge AACH 27859 AChgy AACH 27°%9  AChgy AACH 2702C
=83 457 0.00 1.00 323 000 1.00 347 000 1.00
B 470 013 091 330 010 093 373 027 083
Fif 510 053 0.69 460 137 039° 640 293 0.13

°P<0.05 vs LHRNZEE; °P<0.05 vs 24 hTFHi4H; °P<0.05 vs 48 hTF#fZH. A ACt = ACtuy—
ACtag, 27 *“RINSEEN T EBANTMIE. HIF-10: REFSRFT-10.

A 1 2 3 4 5 6 7 8 9 kbDa
HIF-la —— —— — —— e — 120
B-actin mm 42
B 1-0 r [ I:‘ //_\_'J—E_El

097 O Bk

1 ;

o og ] m
B 077
S 06F T2
? 0.5
(<ol L
”§ 0.4 ac e
S 0.3 1
|59
02+

0.1r

0.0

24 48 72
t/h

3 mMIRNAREZHepG24RiBHIF-1aBBRIA. A: 24 h(l, 2,
3). 48 h(4, 5. 6)fI72 h(7, 8, YHIAH . PRI, B:
HIF— 1058 —actin KEEFHHEE, P<0.05 vs 23 E2H; P<0.05 vs
24 hZH; ‘P<0.05 vs 48 hH. HIF-1o: REIFSRF-10.

2.3 miRNA#HRHIF-1a 3 B 4 F miRNATHL
Hep G241 I #5 5 /K F_EXTHIF-1o & 0 in
X2, 5EAAML, #YHIF-10 miRNAJ524.
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48172 h, HepG24i i P HIF-1oo mRNAKIA &
(2722 B> 40,69, 0.39F10.13, %53
WN31%, 61%F187%(PE 4y 7 240.007, 0.000F!
0.000); HFHLAEM I (P<0.001). miRNA
THGHIF-1a 5N 8 5 5 3 3R 3. B
AN 2R W] g 2 e DTPEZ A
SAIN9% T%F117%, 5525 T4 LR W4ge it
2] 2 (P 233000 0,297, 0.35610.060).

2.4 miRNA#H HIF-1a% & & %X miRNAXS
Hep G241 I HTF-1 o8 [ 2528 (40l 45 FH an 113,
B 4l b, # Y HIF-100 miRNA T334k 48.
72 hJriHep G241 fd FHIF-10 85 [ 3% B 8 b
(KI3A), HIF-105 B-actin K J& 714 LU A T/~ HIF-
Lo K Ik & 73 b A A 10.85. 0.41.
0.35, FHIFN15% 59%. 65%(P1H 55K
0.024. 0.000F10.000); H &% 131K 2K i ik
(P<0.05). BHTEZ 525 (A TR) o L BH S vt 2
F(#3B).

2.5 miRNATRA T B 7 2% 2m i3 7809 %
2.5.14m e B A & : miRN AR YeHep G241 /iiU48
172 hJ5, Hep G241 i J& J I AR & AR AR (&

BRI E, TH
Wi i 5 4k 7]
W, E4%, 28
ERBEA, FF
HIF-lo.. VEGF%
R, FH3M L
VEERIE S, S5 om e
Wik, KA ET R
TRk, YAk 897 &
. BAAHIF-1oit
%K, i 45 TAES
B A 5] A2 4G HIF-
la. VEGFA=3% 34
MBI G, 1EH
A B A& Ao 4m
RO3G I, Fpw KA
JEA K, mIRTAE
53 3k, AHIF-1o%
B, T AR
W%, TAE A —F
5H By Kok A T
FFIRW BT, AR
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W @ 5 R

AXEERTE, #
LB, 5
R AR, B
H—ZEHFEL
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paxi:) =B PR mMiRNA SR P +miRNA

48h GG, 37.91+£2.05  40.12+1.64° 54.78 + 1.64° 57.48+0.71° 60.32 + 1.20°%
S 46.48+2.44  43.75+2.10° 28.43+0.76° 27.31+1.32° 24.24 +1.88°°
G,/M 16.61+0.72  16.13+0.68 16.79+1.93 15.21+0.77 15.44+1.13

72h  GyG, 56.75+1.13  57.43+1.27° 61.49+1.12° 61.95 +0.42° 65.68 + 0.91°"
S 26.14+0.78  25.56+1.21° 22.40+0.58° 21.62+1.19° 19.47 +1.34%
G,/M 17.11+0.36  17.01+0.26 16.11 £ 1.41 16.43 +1.61 14.85 + 2.07

°P<0.05 vs A, Go/G g, = 4.47, G, = 5.50; °P<0.01 vs miIRNALR, SHBg.s, = 3.51, 9554 = 3.48, P<0.05 vs
mMiRNAZR, Gy/G,E8g.s, = 3.54, °P<0.05, g,y = 4.50; 'P<0.01, SEG.s, = 2.24, ¢, = 2.48; °P<0.05 vs [IEEE.

paxic] 48 hiET=(%) fei=) PIE 72 hYETS(%) fell=1 PE
=83 3.80+0.12 8.01+0.71

BRE 4.84+0.23 2.10 0.062 9.38+0.44 1.34 0.081
miRNA 15.49 + 0.99° 23.65 0.000 22.46+0.61° 14.44  0.000
I3 15.91 +0.37° 24.50 0.000 27.52+1.31° 19.51  0.000
FIZEZE+miRNA 27.33+0.94°" 47.40 0.000 36.99 + 0.88* 28.98  0.000

P<0.05 vs B, Gug, = 23.75, Gy = 21.10, P<0.01 vs miRNAL; gus,, = 22.90, g5, =13.74, “P<0.01 vs PIBERAE.

4). TGy G, BB BE i T 2% [ 4L A/
PEZH (P<0.000), SHHLLAIE T2 1 41F B 1t 41
(P<0.000). 3 YLJ548 h, k4B 5 25 20 4 ] 77
FULGy/G WL =i(g = 0.10, 2 = 0.045), SHY]
ELIAG (g = 2.24, P = 0.049); #:44J572 h, T
A B 7 2 A A P B R ALGo/ G B A9 ) B 3
(g = 4.50, 2 =0.001), SEALLGIIR(K(g = 2.48, P =
0.033); B 2% (AL AR WL Ge o2 I 2 22
1M Gy/MIA LA, 20 IR 35 A W Ge T2 i 2 22 .
2.5.2 PEHE I % 40 i B = miRNARYHep G241
Mu48F172 h)ii, HepG24H J i 122 34 0H 34 n (&
5); FEYJE 48 h T T-% N 15.49% +0.99%,
B Z TR N 15.91%+0.37%, P& AR IS
B2, M FH TG A T-%1K27.33%
+0.94%, BF & TR RH (@G = 22.90,
P<0.001); 72 hIEA AT F L ILFRFE SR (g =
13.74, P<0.001); BATELL S 2% 4L im) ok W5 3% 40
T ER.

3 171E

JFE A HIF- 10 15 K 558 Tt i, 4l
2 R L R 20 2R FP HIF-1ouBH P 308 S AR TR £
FORLIR, EE AT R, o T .
JER 2 R LR B, HIF-1ofE e S RN (A
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J& FWVEGF. Ang%%, {35300 0055 8 A, BHIWT
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las bel-2. bel-xI N, FrilT-AE 855",
HIF- 1o n] 1559 40 Mo J&] [6] (] )5 R 21 4% 4 ffa
KA B, SR P G B K R R
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T8N 1 5, B ) B R TP HIF- 1o,
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