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Abstract: Objective Previous studies have suggested that under hypoxic conditions hypoxia inducible factor-1a
(HIF-1a) contributes to the progression of neonatal pulmonary hemorrhage ( NPH) by increasing the expression of
endothelin-1 (ET-1) gene. RNA interference (RNAi) refers to the process of sequence-specific post-transcriptional gene-
silencing mediated by double-stranded RNA. This new gene-silencing technique has recently been shown to be a powerful
approach for studying gene function. The aim of this study was to construct the small interfering RNA (siRNA) eukaryotic
expression vectors specific to human HIF-1a gene ( pSIREN-Shuttle HIF-1a siRNA ) in order to observe its silencing effect
on HIF-1a under hypoxic conditions. Methods  Six potential siRNA target sites (a-f) specific to human HIF-1a gene were
designed and synthesized to two complementary oligonucleotides ( A-F) for each siRNA target site. Using a gene
recombination technique, the recombinant expression vectors ( A’-F') were constructed by cloning the double strands
oligonucleotide into RNAi-Ready pSIREN vector. The recombinant vectors were then transfected into the cultured human
umbilical vein endothelial cells (HUVECs). After 48 hrs of culture, the cells were treated with CoCl, (100 uM) for 3 hrs.
Expression of HIF-1a« mRNA and protein was detected using RT-PCR and Western blot. ET-1 level in cell culture
supernates was detected using ELISA. Results The recombinant HIF-la siRNA eukaryotic expression vectors A'-F’
respectively aiming at sites (a-f) were constructed successfully. Compared to the non-transfection group, liposome-
mediated gene transfection of pSIREN-Shuttle HIF-1a siRNA expression vectors into HUVECs obviously down-regulated the
mRNA and protein levels of HIF-1a, and partly decreased the ET-1 level in the B’and D' transfection groups. Conclusions

The specific pSIREN-Shuttle HIF-1a siRNA expression vectors B’ and D’ aiming at b and d sites can inhibit the
expression of HIF-1a, thus decreasing the level of its target gene ET-1. This may be helpful to study the relationship
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between HIF-1a and neonatal pulmonary hemorrhage in vivo in future.
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vitrogen 23 1) ) 5 /NPT AN LT BEHLAR (1 B Santa-
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1.2 7k
1.2.1 X F# HIF-1a % B siRNA % R
Genbank $£ft % HIF-1oe Z£[H ¢DNA JF 41, fil Dhar-
macon 2\ H] $& HE Y AE L siRNA B3t TR k4% 6 4>
ATRER TP 25 (a ~ £) : (a) : 5'-ATGCTTACACA-
CAGAAATG-3" (b) ;: 5'-CCAACCTCAGTGTGGGTAT-
3"(¢): 5'-GTCACCACAGGACAGTACA-3" (d):5'-
AGTTCACCTGAGCCTAATA-3' (e): 5'-AAGACCG-
TATGGAAGACAT -3’ (f): 5'-AGATACTAGCTTTG-
CAGAA 3" IFARHHEF & 122K, LUK 6 AN mi 43
LT B AR 9 i S [r) EAMEC XS 19 B A% 1 R T
G A ~FCIESCEE) | [RGB AME (e L) , Horp
1E 4 5" g | A BamH T BEYIN7 s, 2 X% 5" i |
A EcoR I BEUIALE (R 1), ZERHIRAC H b 1
VB A
1.2.2 F 44 HIF-1a siRNA A # £ % & Kk
( pSIREN- Shuttle HIF-1o siRNA) %4 #) 3% 5 T HA
SEAZTTIR)T 5 a ~ {1 R AR At M Ie
JE R AUEE HIF-1oe siRNA , R DNA FAH AR ¥
HIF-1a siRNA XUE E 1] W50 B A PUG i 8 48 %
B3 T A 3 siRNA 19 ZE#2 2818 pSIREN- Shuttle
H JE A HIF-1asiRNA B 3R IR 24K, 5102 38
KIGHF# DHS o, 37°C 555700, K 5L A T TR 7% o
PRI 5 5 B T ¥ H2 AP F 10 mL LB/Kan™ ( Kan
50 pl/mL) 5 37 Fevh, 37°C PR 8% 10 7%, W S 4l 7
PCR 32 i 1 BA P B2 40 50k, 4l 42 S5k DNA 1% 7 B
FVHEERS UK AT I 5 R . BRVRGE i AR R
O8Iy % 5, B TR iy 44 R EE 2 SR HIF-1a
sIRNA B FGR AR, 7300 A" ~F',

#&1 HIF-lasiRNA R UEEZHERFS

TR HTRITSI

A.  IE X f# 5'-GATCCGATGCTTACACACAGAAATGTTCAAGAGACATTTCTGTGTGTAAGCATCTTTTTTTCTAGAG-3’
Jz L5 3'-GCTACGAATGTGTGTCTTTACAAGTTCTCTGTAAAGACACACATTCGTAGAAAAAAAGATCTCTTAASS'
B: 1F X4E 5'-GATCCGCCAACCTCAGTGTGGGTATTTCAAGAGAATACCCACACTGAGGTTGGCTTTTTTTCTAGAG-3'
Jz 5% 3'-GCGGTTGGAGTCACACCCATAAAGTTCTCTTATGGGTGTGACTCCAACCGAAAAAAAGATCTCTTAA-S'
C: IFE X455 -GATCCGGTCACCACAGGACAGTACATTCAAGAGATGTACTGTCCTGTGGTGACCTTTTTTTCTAGAG-3’
Jz 4% 3'-GCCAGTGGTGTCCTGTCATGTAAGTTCTCTACATGACAGGACACCACTGGAAAAAAAGATCTCTTAA-S'
D:. IE %% 5'-GATCCGAGTTCACCTGAGCCTAATATTCAAGAGATATTAGGCTCAGGTGAACTCTTTTTTTCTAGAG-3'
Jz 5% 3'-GCTCAAGTGGACTCGGATTATAAGTTCTCTATAATCCGAGTCCACTTGAGAAAAAAAGATCTCTTAA-S'
E: IF X4 5'-GATCCGAAGACCGTATGGAAGACATTTCAAGAGAATGTCTTCCATACGGTCTTCTTTTTTTCTAGAG-3’
J2 4% 3'-GCTTCTGGCATACCTTCTGTAAAGTTCTCTTACAGAAGGTATGCCAGAAGAAAAAAAGATCTCTTAA-S'
F. 1F X4 5'-GATCCGAGATACTAGCTTTGCAGAATTCAAGAGATTCTGCAAAGCTAGTATCTCTTTTTTTCTAGAG-3’
Jz L 5% 3'-GCTCTATGATCGAAACGTCTTAAGTTCTCTAAGACGTTTCGATCATAGAGAAAAAAAGATCTCTTAA-S'
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1.2.3 HIF-la 22 F & A A GADPH % B 5] ##9
Rt 54 i Genbank $2ALR) HIF-1 o FEPH K
BRI GADPH [ 751, F) ] Primerpremier % {4:
WATAANL Y RT-PCR 4734514, GADPH L5149
5'-CGGAGTCAACGGATTTGGTCGTAT-3", F s |4 :
5'-AGCCTTCTCCATGGTGGTGAAGAC-3", Tii i ¥ 14
F B 5 302 bp s Al HIF-10 35 RIS PIRB /%
TEx s 4, Hod A B .C AT —XF 514, LiiFs]
¥7:5'-CCATGTGACCATGAGGAAATGAGAG-3", R i}
51 . 5'-CTTTTGGCAAGCATCCTGTACTGTC-3", i
I3 R B K B 521 bp; DVEF 4] H [ — X} 5]
Yy, FE5 4.5 -CCGATGGAAGCACTAGACAAAG-
3" FlES| ¥ : 5’ -TGTAGTAGCTGCATGATCGTCTG -
3" WY A B RS 740 bp,

1.2.4  BARAF-#A A K 49 (HUVECs) 89 4 &
B¥A FH0.25% (f IR B 1 0 AL G LI bk
WSCEE T AR 1) 20 Pt B, B 20% JiR A 1ML i 1Y) DMEM
B SRR RS AN M 2 B, #2 (1 ~1.5) x 10°/L iy 2%
PEFPF 25 em® ESFRILA, 75 37°C 5% CO, &1+ F
Rigto AR5 2 90% i), FH 0. 25% 11 ik il 1
FAEAR, 55 3 A A T35 5%

1.2.5 #3% F45 3 ft HUVEGCs £ K FE 2
70% ~80% fili 3B, 43 3| B H 20 5 k7 HIF-1aw siRNA
HAZRIRBAR (A ~F') & S g, RN B4 2 5 Yy
YiH,6 h J5 B & 20% a4 I3 1 #T i DMEM 15
FRUR, AR SL3E 55 48 h [RI DL A i B A% e 35 3 AR K
JIg A Gik 7 2 HUVECs Sy AFE Jux) B4
1.2.6 # A B Ye 48 h f5, A 100 pM
CoCl, {4 B FOl R 4R, 4k 22595 3 h J WU R 77 1
TH R AN

1.2.7 ¥ %% RT-PCR # | #f HIF-lamRNA % ik
adpml o PRI RNA KA LT
FETE W R 1 pg/pl. %I RT-PCR 251 &
LI 544, 20 ) GADPH BE X il HIF-1 oo B[ 5
Y17 RT-PCR, RT-PCR 2535 , 2S5 wL W4
TR TR ISR EE R

1.2.8 Western Blot # ] x HIF-1a & & 7K -F 89 3y
) PEICAH M S 1S, B S0 g 20 S B
[1,8% SDS-PAGE HLjk , # i R 4T 4E R, 1+ 100 /)N ER
$Ht HIF-1a 3T, Western Blot % 40 ifd  HIF-1a 11

EEKF. 3R E £IXB IR GAPDH N &

E\\E\O

1.2.9 ELASA #% 20 jo 3% % ki ik ET-1 K -F
DL 35 35 WOV o R s RE AR, B R R

A LT I A B bR L, 2R E, I A ET-1

BIER, TMBE 5% 2 €4, R 1X 650 nm 4 F 352
BB IR PR el T3 ET-1 &,
1.3 FitFEaiE

SEBRELAE IV SPSS 10. 0 AR {4 b BE , 1155 BE kL
DAEL = bR (v =) FoR, J5 2250 B ifb AT 4 1)
BL,P<0.05 RoRzERmA WEN,

2 #R

2.1 RINMEEAFKH HIF-1a siRNA HiZFE
ESQUIN

WO R F AT HIF-1ae SIRNA B £ iAZ
(A ~F7) A5 e 2 5, 45 5 R S 51 (A
~F) W i E A a~f6 Mis(E 1),
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2.2 SHRHBHMHEARKN HIF-1a siRNA H#Z %2 #%&4 HUVECs 1355 £ ET-1 K FLLE
RiBHM&E (n=6,% +5,pg/mL)
2.2.1 sf HIF-1a mRNA ik 69 394 4 A SES Ll n ET-1
FEYLUI A EL P YL A JBORL HIF-1a siRNA EA% R A’ 6 79.00 £2.08
KA, 40 HIF-1a mRNA B933576 B 1D’ 41 E: Z 3?53 igi
WIS R VR, e AL C/ B R AL TE B s, ) D 6 40.20 4544
WIEEER 6 AT RETHLA &b, AT bod £ 500 B 6 82.56 +3.80
HIF-1o siRNA A5 %S 5, 77 44 HIF-1ao mRNA 3% 5%;% 2 :j;’i ijjz
k(E2),

3 itig

2 RT-PCR #ill RNA F#t/5 HIF-1a mRNA F&iA

KE ABLCD B FOHEARR YA 4 8 KR
M 4y DNA 4 Fbnife,
2.2.2 st HIF-la & & &3k 64 3515 7 o Rgs

—UF S Yy ) B4 O HIF-1ao siRNA BB &3k
AT AL HIF-100 235 (952 M0, A B HIF-1a
2 50 B B A 20 i 2 11 K P 34T Western Blot £
M, 25 R YR B A D 4140 i HIF-1a 21
FIR T, HoAth 4 I B A, #E—B Ul b.d
WAL AT 0] HIF-1a 235 (K 3)

M A B C D E F 7

200 KD —»
140 KD —¥ 4_?21{;%15
100 KD —%

GAPDH
37 KD

40 KD
30 KD
20 KD -

B 3 Western blot #& il RNA F# /g HIF-la & 8

FixKE A" B'.C'".D' \E' F HEAARB Y7 Ik
YL
2.2.3 fmpigc LiFuoP ET-1 486y T 4L ik

YLy B A1 D'EHET-1 KA BT REAR, 5 AR YL 2HAH
b, 255 A Bk (1 =18.974,11.634,P < 0.05);
RS YA ET-1 AP T R R, SR YA L,
ERBIRIE (P > 0.05),

B L e B AR L e T AU 2 —, [l A
WA/ = 8, RV /AR 2 3 L, H T
X AIEALEHI C oI 26 T, HIF-1 J& i HIF-1o 1
FL 5 HIF-18 WIS Al ) 5 2R 44, Forp HIF-18 £
AN PIRAE 23k, HIF-1a 32 BE(E S m e .
HIF-1 VB RS 3 1) — A F8 519 DNA 255 %M,
REVR T/ 22 Bl S R I B PR A 5 i, R IR R AR A%
FHER NG, ET-1 J&12 45 0 5o i) i I
PR A S PR AR, ET-1 FE PR B sy B H (HRG)
Z— BRI ET-1 ik amsm o FRATRTH
SR PRI SRS B IR AL i IE T AR S
i A 14 195 A1 P60 38 A A Bl B o, 2l g s ) 9
W AMEME ET-1 S8 A IE 42 ET-1 5
Fi £ L4 2 95 B o B A B S FRAR O O L M ANIRIIE
SE TR A T 5 S 0 AR BRI 4140 HIF-1oe 7KF-FF
o, DA 08 il I 457 P Bz 40 8 25 ) ET-1mRNA
R SEANEIE (6 N B2 v ET-1 /K7 535 T T 9 3
fii b o X e SRR R B AR S T HIF-1 A
REIM L1 ET-1 A58, 7E T H i i & A Rk J ik
PR EEAE,

RNAi 245 MM E AU RNA (dsRNA)
AT A0 P e B mRNA & A R 5 1
fiff , TS B BE PR A 2R 0K, 7 A= AR 1) BT g
RMHIA IS o Pl RNAL HARBE R 45 5t
A N DR R 3 , H R CAE S —Fh &7 A R AR
FEREERA ) TR, 7z AT 2 E Yy 6g DL &
PRI 3 IR TT ISR o

AR BERE HIF-1o /E 30 H AR, 30068 3 TR
FE D ek kM HIF-1o S H R IFHE R ET-1 i3
Ko AT sIRNA #5115 30 o 9 47 LA R o™
(1) WA (mRNA) 1) AUG 4G %/ I i, 548
“CAAT ZHEFA, IFIE R H 3 R 19 MR T AR
VAR SIRNA B0 5, 1F X8 A R CAE #R 2R
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X 19 AL (A AA ) RiT; (2) #EF
cDNA (1) 5" F1 3" JE 4 fih X (UTRs) DA K 5" 2 46 %5
X BT Y 50 4> ~ 100 ML HERF 515 (3) # Hh ik 1)
JFONAE B e R AT LU A LA R H 7 81 5 3L
3 R B2 A ) IR 5 (4) GC g 3k H 9] ( GC% )
40% ~50% , FRATHRE L3k 4 WU, Pk 6 1
R Ca ~ O) VER B T HUAL AR, 3 A5 BOAH Dz 7
BARITA A ~Fo RISUE ATk P4 & S A%, 55
T 76K FH DNA S22 55 R #5541 ik HIF-1a siR-
NA EAZFRR AR A~ F', 2 [H % g B 7 48 2 E
SCL TR A R BOER GRS Bl EA B RIR N
Ja 8 pU6 3" T ilip HAT e S 2 1L 4544 poly (A) hnf2
{55 o FRE BRI S e B W 51 4 TR e 5]
HUVECs H, 820 k4% 5% ) — B % HIF-1o siRNA
P AN ) 2A R 1] F AN 07 51, 48 B 5 B R X
J O] Bt 53 s ok 1) Ik e P 4 A B JE 6% dsRINA,
FRA siRNA, Hor siRNA o iy [z Bk 48 5 B B
RNA 53 BIPTER A AR RISC, fif5@ 1 RISC 474
I mRNA 7pFH 5 siRNA [z SCRE B A X8, M
Tk 2 140 3 P 8 9 /E . B 41k HIF-1a
sIRNA FLZFRIREAR A" ~ F' S e ik ARSI EE SR
HUVECs J5, 45 iR, 7EEEUIRASTT B D 41RE i
FAVHIHL A HIF-1o0o mRNA FEE H KK, IFA] DR )
P ET-1 PG, SEIREs PR A8 S50 A 2l
SR AE R E YL TR HIF-1a siRNA B0 2363
T, B FE0) bod 7 s HIF-1oo siRNA A5 250807
&5 HIF-1a RNA F305, 7l R HIF-1a 5 4 KE,
ETTAP R R WL ET-1 9335, M A] BEVAR Ble

ST PR, ARSI N — 2 %2 A
S AL IR EARAE B L S IR A D 5E HIF-1a 5
SRS A L O R B E S

(& % x #]
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