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R, HIF-1or shRNA 5 P50 BR 2 0 F A G D BSP Al Osterix ) mRNA | HR 1 3R IS #9526 53 HA e 12 08
SL(P < 0.05) 5 %5 [ BE 255 B X6 B4 1) BSP i Osterix i mRNA R 1% 35 25 5 G 22 X (P>0.05) .
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Effects of silencing the HIF - 1 gene on the expression of BSP and osterix in rat BMMSCs under tension
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[Abstract] Objective To explore the effect of hypoxia inducible factor 1o (HIF-1at) gene silencing in rat bone mar-
row mesenchymal stem cells (BMMSCs) under mechanical distraction on the expression of bone sialoprotein (BSP) and

osterix and to provide a new idea for repairing bone defects with BMMSCs. Methods The shRNA sequence was de-
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signed according to the rat HIF-1a gene, and the pGMLV-SCIRNAI lentiviral vector was cloned after PCR amplifica-
tion. After screening positive clones and identifying competent transformed cells by sequencing, 293T cells were pack-
aged and titered, rat BMMSCs were transfected and cultured in vitro. Clones with stably silenced HIF-1a expression
were screened by inverted fluorescence microscopy. The RNAi response experiment was divided into four groups: the
blank control group, the HIF-1a shRNA group, the negative control group, and the response group. Western blot was
used to detect the expression of HIF-1a protein in the four groups to verify the response of the target genes and exclude
off-target effects. A Flexcell FX-5000T cell stress loading system was used to intervene in the mechanical stretch of the
cells. qRT-PCR and Western blot were used to detect the expression of BSP and osterix in the blank control group, HIF-
la shRNA group, and negative control group. Results The HIF-1oa shRNA lentiviral vector was successfully con-
structed. The results of the RNAi response showed no significant difference in the expression of HIF-1a between the re-
sponse and the blank control group (P > 0.05). The recombinant lentivirus could effectively silence HIF - 1o in
BMMSCs. After mechanical distraction of the BMMSCs, compared with the blank and negative control groups, the HIF-
Lo shRNA group showed significantly increased mRNA and protein expression of the bone-related factors BSP and os-
terix (P < 0.05); there was no significant difference in the mRNA and protein expression of BSP or osterix between the

blank and negative control groups (P > 0.05). Conclusion Silencing HIF-1a in BMMSCs under mechanical distrac-

tion can promote the expression of BSP and osterix.

[Key words] Hypoxia-inducible factor-1a;  Lentivirus vector;

cells; Mechanical stretch; Bone sialoprotein; ~ Osterix

5 TE B {68 97 28 R o b, B0s A i Ak
S 5K O R A 0 DGR PR 2R B A i R HE A
4 S U5 T 22 HE 1Y i 6 18] 78 5T 28 A (bone mar-
row mesenchymal stem cells, BMMSCs ) . #x i #ff 5%
0, B HEEE H (bone sialoprotein , BSP) 7F 355 1 1A
AR GRS b G R g b T WS i N X A
HAA AR T 15 5 K RS A i, R
15 5 N F - 1a (hypoxia inducible factor- 1o, HIF-
o) IR R 385 | B HIF-100 23515 11 BSP 1)
FEIRAL T, A M R R TR AR IR
S IR BT HIF- Lo, foff R 200 M 04 180 e 0 I J 2
5t , LA AT BE & HIF- 1o 53 BMP-2 35 5 Runx2 11
Osterix FJ 5 B o BFSEIEI , E 985 PR EE I AL
PR 3 A BMMSCs B9 B o A IE B i
FP HEI6 1R BMMSCs 73 b, 5 245 | 2 1B
FiRg s, (HE FEX A e, HIF- 1o 72T 1Y
BMMSCs [ Ji F 40 i 73 AL O HIBL B i A BB . A
S8 oK T BR R K HIF- 1o S PR (W18 05 B 28 140
e K Bl BMMSCs Jf 2R A48 58 #k , WFFE DL S 7K )
YEFIF LA shRNA LB K B BMMSCs H (1% HIF- 1o 5
[R5 %] B AH IC R T BSP # Osterix 3235 B2, Ky
HIHI BMMSCs &2 52 1 st £ (1o A R,

1 #FRFFE
L1 2R M4
FX-5000T 4 ffd 1 3 70k 22 4t . BioFlex Z2 P 41

Gene silencing; Bone marrow mesenchymal stem

7S L F1 A2 (Flexcell, 32 [# ) |, % i PCR X (ABI
StepOne, 3¢ [§ ) , 2¢ 5 & 8% (Olympus, H 4% ) , 6
i CO A M55 #7246 ( Heraeus , £ [ ) , 7K B 3k Al |
PAC-300 B LKA (BIO-RAD, 5E[H )

pGMLV -SC1 RNAi % ik 75 2074 (25 14 25 4 .
CMV -eGFP-U6-MCS - PGK - Puromycin ) | 1B 14 %
(puromycin, PM) ( 1 # # AE Y RHE A R A HD
HIF-1a i1 335 Bk (pCDH-CMV-MCS-EF 1 -copGFP-
HIFLo) (HY 11 38 38 K 2% AR 2 2 11 2 ) |, 7 75
B A i 2R 293T (1L ZR 48 H R AR ) B8 2 T i S
=), KA #E DHSa (At 2 &AW H AR
PR 2> 7 ), oKL fil 4 1050 & (Qiagen, 7 ) , HG
transgene reagent (Healthgenebio, 32 [E ) , TIANprep
Mini Plasmid Kit JFR/ MR & (B0 R (AR
H B A BR A F] ) , Thermo Scientific FastDigestX-
ba I, BamH I, Xho I, EcoR I (Thermo, 3 [# ) , T4
DNA % $2 i (Fermentas , 35 [# ) , i 4~ il 1 . DMEM
(Gibico, £ [H ), HIF-1a . BSP , Osterix —$iT (Abcam,
F[E ), PrimeScript®RT reagent Kit With gDNA Eraser
(Perfect Real Time) . SYBR®Premix Ex TaqTM ( TliR-
NaseH Plus ) (Takara, H A ),
1.2 HIF-1a shRNA 12 5% 4 # k4 # 3

XK BUHIF- 1 (NM_024359) YLK FE 8113
RNA T4 40 8 (GCAGACCCAGTTACAGAAACC) ,
P T )7 5 B i A i shRNA 5[4 . PCR
P8P8 B, HIF-1a shRNA J3 815 B R B



AORR&EEAE 2019F5H $27% F£5#

- 289 -

H8 (HIF-1aNegative Control, HIF-1a NC) J¥ %1 {5 &,
k1R, A5 PER KOB BOUEE DNAoligo,
i Ff BamH I (GGATTC) . EcoR I (GAATTC) ¥ 47
XUTE )AL B, 3 0 F Uk Dl mT s ) T T4

DNA 3% 5% B 3% 4% 3] 28 BamH [\ EcoR [ 4] J5 A9
pGMLV-SC1 RNAi 125 8 8k I . #43=W ik
Z KA P DHS o 852 A5 40 , Pk a5 BH 1 v B 7
Y8 S TR DA B R , SR HOOH P v B IOk A H

F 1 HIF-la shRNA J BT IR (HIF-1a NC)JF 1 £
Table 1  Nucleotide sequences of HIF-1a shRNA and HIF-1a NC

519 F51 (5'—3")

shRNA-F 5'-GATCCGCAGACCCAGTTACAGAAACCTTCAAGAGAGGTTTCTGTAACTGGGTCTGCTTTTTTG-3
shRNA-R 5"-AATTCAAAAAAGCAGACCCAGTTACAGAAACCTCTCTTGAAGGTTTCTGTAACTGGGTCTGCG-3/

NC-F 5'-GATCCGTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAACTTTTTTACGCGTG-3
NC-R 5'-AATTCACGCGTAAAAAAGTTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAACG-3'

1.3 TR QR FiE ENE

A EE Y HIF-100 shRNA 18975 27 25 14 Fil 4,255 it
LA Ytk 203 T Ui it , R FE Y vl B R A5 AL
RIS WA AR AV, 2 — 2D B0 AR AR e R R A
W o FH A R A 8 1 A B i TR A U, A [ ik
JEE A 2 SR e HEK 293T 41l , 250 10 s Be T W88 4%
LB A A, 5 A R B BO T AN B
1.4 HIF-lo A B ICHKAE T AR M2

BA RS I Ab T BoA: K p3 AR
BMMSCs £ F T 8% 35 L, 43 24 HIF- 1o 5 K 0 ER
ZH (shRNA) FI I P % B ZH (NC) . & A 5 pg/mL
Polybrene [ TR IR L L @%E%&(multiplicity of
infection, MOT){EL = 100 F% BN 7 DI , 15955 22 B 1
X HE R R T 1) B A X6 B ZH 40 i, HIF- 1o shR-
NA 12 75 75 W R BE VRN 2] HIF- 1o FE PR TR 4H v, 7
TR 24 h 5K T A 18 6 BE 5 % RS 48 0 R B
TR . B G WM MR Al BB e 1 IR
Yo H AN IRCE . 48 h e 5 eI e g 22 s 7
% (puromycin , PM ) [ 55 5 JE i e £5 € A0 MO bk . PR
PEFCREY KEEFR , — o3 DR T, — &R 4 IS 4 40
i E4T Western blot K , 7€ 25 11 7K - %8 %€ HIF-1a
FEPUTER AR
1.5 RNA Fi#wH %

FH L8 B AR AIF 55 BT 3R A5 9 SE 0 25 51, A&
T Off - target BN AR, MR IERUIER T
BMMSCs At HIF-1o FE[A

v FH Lipofectamine 2000 ] T 2R 2 38 HIF-1a 11
K Bl BMMSCs %t 2 #k - 1K % 4% pCDH-CMV -MCS-
EF1-copGFP-HIF- Lo itk 35 Bt (101 52 40 , i B H
B AL R AY 3 223k, 598 4 Western blot /6 25 19 %) iR
ZH(WT) HIF-1o ZEFIUTERZH (shRNA ) | B XT iR 20
(NC) . [7152 21 (Reverse ) 4 £ HIF-1a 55 [ F IR 1K,

DL S0 I E PR 1) ] A 00T o
1.6 Huik % 3K A 4E A F BMMSCs % B 48 % 2 B 89
FA

B H B 43 R 25 (AT BRZH (WT)  HIF-1o 3
KT ERZH (shRNA) |\ BHPEXF BB (NC) . LA 2 x 10°
A/l 4 40 5% 3K P3 A BMMSCs $2 F0 T T AU i
PRI IR ALY (1Y) BioFlex FPEASFLIG Fot . 4Rl &
K F 80% ~ 90% J , 1 FH FX-5000T 41 Atg )i 7 fin 2%
R G0N 45 2 4 Bt fin A3 R 1 Ha, S A BE 5%
FREEIT[E] 6 h iU A 7K 1 CRZO Iy 4544 by i3 552
5 7 % L0 A Rl B o FE N 3 25 A ST Bl AR
YH Y , Western blot . qRT-PCR 43 Il K il HIF-1o Az i
B FH 56 5L K BSP Hl Osterix A 5 111 28 35 M2 mRNA 4
PRk, GIEENE2,

®2 gRT-PCRE|¥W)FEH
Table 2 Nucleotide sequences of the primers used for qRT-PCR

E1k7| FFol(5—3") Fr BRI (bp)
BSP-F 5'-ATGGAGACGGCGATAGTTCC-3’ 148
BSP-R 5'-CTAGCTGTTACACCCGAGAGT-3’ 148
Osterix-F 5"-ACCCCAAGATGTCTATAAGCCC-3’ 168
Osterix-R 5'-CGCTCTAGCTCCTGACAGTTG-3' 168
GAPDH-F 5-AGGTCGGTGTGAACGGATTTG-3' 123
GAPDH-R 5'-TGTAGACCATGTAGTTGAGGTCA-3’ 123

1.7 %t oM

K FH SPSS17.0 # A4 E 47 5548 43 A, B #4 D) «
+s RN R E I 2 T AL e, DL P <
0.05 hZERALITFE L,

2 # R
2.1 HIF-1a shRNA 1% 5% # £ 4k 69 0] 5 25
HIF- 1o shRNA P80 5 28 44 14 0 5 A 140 DL 1A 1o
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2o gk Hex), H2H SO TR s A BOF 5 5 3 BERRARAL R IR
oligo J7 1 5¢ 4= — 2, A it K B HIF-1ae shRNA 12 9%

40 S0 60 70 30 30 107
GATCCGCAG ACCCAGTTACAGAAACCTTCAAGAGAGGTTTICTGTAACTGGSGTCTGCTTTITTTG

RAT HIF1a-shRNA il &L

il

A BT R R A BT S 5 T
oligo ¥ 5l 5 4 — 2, #28 K R HIF-1a
shRINA 1575 2 AR AL) 2 i 2

1 K HIF-1o shRNA 1855 75 4%
ﬂ % I e

b —g

Figure 1 ~ Sequencing screenshot of

rat HIF-1a shRNA lentiviral vector

WAL AL RN

22 BmEREBBEMNTLER SHE N B A FE R 5 % 10° TU/mL , B4 X6 B 2 5 2
18 9 P B YL AE 293T 411 it 225 96 h i i it 5] HIF-1a NC 3% R 5 x 10° TU/mL,
B B WAL, BIF WL AR 2, HIF-1a shRNA

a: FIPEXTHEAL; b HIF-1o S ITERZH
2 1T 293 T4 96 h /5 5%
TR x 100
Figure 2 Immunofluorescence
microscopy observations at 96 hours after

lentiviral transduction of 293T cells X 100

23 HIF-lo AR 2112 9% 7 J5 , BMMSCs [ HIF- 1o 235 52 21 B 8 41

Western blot £l 25 4 X B ZH (WT) (HIF-1o 3 il T B X B ZH HIR-1 o Y 28 3K K 32 B 52 ), 41
T ERZH (shRNA ) B39 % BB 4H (NC) H HIF-1a B 7 A T AT 00T Bk HIF-1a shRNA 19 58 5 41
HEAREIE 3, 4558 0 YL HIF-1a shRNA & JLRk

[ 25 U BREE (WT) | BP0 B4 (NC) A LE , HIF-1o 56 R T

wr-o G - - G 0. 5o hRNA) O HIE- o AR BT HIF-la: (£

75T -la
caotl (> G G 0 B3 Western blot 35 iE HIF-1o JE PR TR ASCR

Figure 3 Western blot analysis of gene silencing effect
of HIF-1a

wT shRNA NC

2.4 Western blot 7 % # M HIF-1a shRNA 1% & 7 TG it2r B S, R ARSI Ir sk A3 45 1, A&
AR B 6 2 i Fe K B Bk 64 L Fe A T Off-target RN = A= 19, 72 DUER T S8 40 B b 1Yy
M &Z4H HIF-la 525 AX BAEAREIEES HRIEP ek ( 4) o
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HIF- 1o G -~ — .—-‘ 120 kDa

GAPDH el cmsm> dieeume e 37 kDa

wT shRNA NC Reverse @
T |
sk
ﬁ | p— ]
Y ——
.’D7<' o= —
=
o
B
205k
=
jun)
0.0

WT shRNA NC Reverse

Western blot £l HIF-1c 2 FH 25 15 0L (a) , HE B 47 K
B3 (b) o 4 2H HIF-1o 85 1 35 22 57 A G4 L
(F =862.0,P<0.05). %4 (Reverse) 575 1 X i 2H
(WT)AH b, HIF-1o (9 85 11 3235 22 5 L Ge 122 08 3L (P>
0.05), ***} P <0.001, HIF-lo: KA F-1a

4 Western blot 3611 shRNA i #0054 Ju/

Figure 4 Western blot analysis of off-target effects
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qRT-PCR 45 5 o /s 25 AN IR 40 22 1 )5 A Os-
terix i mRNA ik , 4 /> 1 BSP 1) mRNA 3%k ;
A2 25 R B2 AT MR XS BE A, HIF- 1o 3 PR DT RR 4
BSP F1 Osterix i mRNA & i5 ¥ U] & 3 58 (P <
0.05) 5 (HAHE2S (A XF B, [P X A A ol A O S5
A mRNA 2235284 AN & (& 5a &1 5b) . West-
ern blot K 25 5 i 78 < A5 ZS %) IR 2H A B A4 %)
FEL, HIF- 1o J& R T ER 2H BSP | Osterix 0 85 [ 3634
B 5 (L ZS [ 0T A I o) R 2 ) A G
R B9 AR 2R AN B B (] Se ~ 5e)

3 4t i

Il PR I, 1E W 557 38 1/ L 8 16 51 8 JA 4l
VR IR AR AL, I 37T Dol 2 i ARy S 4 2 B 4 . B
SR TINS5 IR 8 240 - b 22 3t 1 IR, T LA
77 A 3 AR R o

WF5¢ 2 B, 76 LA I N7 it S0 B 85 1 o i o
HIF-1a B35 CBERY . EWEFR IEHTF
P51 BMMSCs 434k A BB 40 A | % 15 4 | 47
Y 0 A5 1 T R, FERX AN AR

sestesk 2.5pF

Osterix 25 AR X ik =
o o =~ =
(=) [, (=) wn [=}

shRNA NC @ ’ wT shRNA NC @
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1 X R 2 RIS 1 X B2, FLIF- 1 oo 5 PR 0 3R 2 BSP il Osterix [ 2 [ 32 3k B 1958 , P < 0.001 5 B PEXT B2 (NC) 5525 X B2 D) E B
HHSEHE R 4K 1 #2825 R EST# (P > 0.05) . *24 P < 0.05, ##% P < 0.001

B 5 HUBEEE Tk S Ve T 45 40K B BMMSCs BB AH 5G3E B 1 mRNA AR F/KF 2k A8 1L

Figure 5 mRNA and protein expression of osteogenic related genes in rat BMMSCs of 3 groups under mechanical tension
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BMMSCs il 3 2 1] 43 fb 4k R L 27 A8 S 1453
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