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[Abstract] Objective To investigate the level of hypoxia inducible factor- o (HIF-1ct) on osteoblasts and angio-
genesis-associated cytokines in bone marrow mesenchymal stem cells (BMSCs) from SD rats. Methods BMSCs were
isolated and cultured and identified by flow cytometry. Plasmid vectors containing upregulated and downregulated HIF-

la gene and a control vector were constructed. The plasmids were transfected into BMSCs by Lipofectamine®LTX trans-
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fection reagent, and the cells were divided into an overexpression experimental group, an overexpression control group,
a low expression experimental group and a low expression control group. All components were stained with a lizarin red
3 d and 7 d after osteogenesis induction. The mRNA expression levels of the target gene HIF-1a, osteogenic differentia-
tion-specific markers, including Runt-related transcription factor 2 (Runx2) and angiogenic markers, including platelet-
derived growth factor-BB (PDGF-BB) and transforming growth factor- (TGF-B), were detected by RT-PCR. Western
blot was used to detect the protein expression of the target proteins HIF-1a, Runx2, and PDGF-BB. Results The CD29-
and CD45-positivity rates of BMSC surface markers identified by flow cytometry were 98.2% and 4.2%, respectively. RT-
PCR results showed that the mRNA expression of HIF-1a, Runx2, TGF-B and PDGF-BB was observably increased (P <
0.001). The mRNA expression levels of HIF-1a, Runx2, TGF-B and PDGF-BB in BMSCs from the low expression ex-
perimental group were significantly reduced (P < 0.001). Western blot results showed that the expression levels of HIF-
la, Runx2 and PDGF-BB in BMSCs from the overexpression experimental group were all increased (P < 0.001). The ex-
pression levels of HIF-1a, Runx2 and PDGF-BB in BMSCs from the low expression experimental group were reduced
(P < 0.001). Alizarin red staining results showed that the area of calcium nodules in the low expression experimental
group was smaller than that in low expression control group, the area of red calcium nodules in the over expression exper-
imental group was larger than that in over expression control group, and with the increase of osteogenic induction time,

the calcification area of each group also increased. Conclusion Upregulation and downregulation of HIF-1a can regu-

late the osteogenic differentiation and the expression of angiogenesis related factors of BMSCs.
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JitZ (bone marrow mesenchymal stem cells, BMSCs ) E.
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IS e B A KRB, A 28 H A Ak B A fo 20 i 4
FRE I AL RE AP T TSR R T s (IR
HSHET-1al hypoxia-inducible factor-1a, HIF-1ax)
30 Ao 90 4 H G B R X I 8 A R P, R DL
FeEH W2 5 A R R AR, PR
FE BB B i B v HIF- 1ot 2 45 25 W 3 45
HC3 3o A [F) A A 35 5 B PR 18 A, T A
SR AL AT A M RNA FHE(RNAD HR
filf H AR R R R DU, B m e ks

AR GEIE o A AN S5 1R AT IE BMSCs Y
HIF-1o (1335, WS 4% 21 BMSCs H 9 B B R IflL 4
A R G T 19 28 46, $R 5T HIF-1a0 %) BMSCs JiUH
3 A HNN A A2 ORH OC R 7 3R 3K W2 0, S HIF- 1o
e HEUTRE T I S S B AR 30

1 #MREFE
1.1 EZZHHFE

HIF- 1o i 32 35 R AR 22 38 kL (B ifg %
UL KRR A B A B2 4HE ) 5 W T8 4 SD K B, M
AP REE (100 = 10) g, H B B2 RN K 27 sl ) S5 56
HLG AR, P FTIES : SCXK (B ) 2016-0003

F IR . MEM basic (1 x) 35 % 3 (Gibeo, 2
) 5 6 4R 1 % (BL, 28 ) 5 0.25% B & 1 i (Hy-
Clone, 35 [H ) ; 5 ki 42 1050 & (BIOMIGA , 36 5 ) 5 FR
il PE N U) B (Thermo , 3¢ [ ) ; Lip LTX 5% 42357 &
(Invitrogen, & [F ) ; P R 2L P (A (Lt R E
AL P ED ; 510)F ) (gAY TR AR T E D)
QuantiNova®SYBR®Green PCR Kit i& 7] & (QIA-
GEN, 72 [¥ ) ; BCA & 11 & & il /1] & (Thermo, %
) ; Rabbit- Anti-HIF - 1 a-antibody ( Abcam , xH),
Rabbit-Anti-Runx2-antibody (Abcam, € [¥] ) , Rabbit -
Anti-PDGF-BB-antibody (Abcam, 3¢ [ ) , Rabbit-Anti-
GAPDH-antibody (Abcam, 3£ [H ) . FZ{UH%: COMH
TR FE4E (371 Y, Thermo , 32 [H ) ; 2% 6 & & PCR AL
(CFX96, Bio-RAD, 3 [H ) ; = i B .0 ML (5810R, Ep-
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pendorf, 155 ) ; western-blot Hg Jk 25 B (PowerPacHC,
Bio-RAD, & [H ) ; B FR 1Y (Multiskan Go, Thermo , 35
) 5 WOt 36 5 £ B B8 (TCS-SP8 SR, Leica,
)o

1.2 7k

1.2.1 FokRi32H MRHE GenBank H HIF-1o B 5P 5
51|, Z 8 shRNA W TR AT AE L i it 5k
BRI 22 JF0RE , K HIF- 103z 22308 OB AN 28 H AGIG
TR ORI 1R B2 A A b, 5 1T v 73
SRR T 5 RN R MR 5 R I SOC K ## 3
g AR R /M ) Y UL R R TR, A
DU, FH BamHI P9 ) BRSO B 1) 5 R4 7 FL K S
55, R B B4 R LA FIEE TN .

122 ZHMEsr B i 5% B SD K FUR FH #ikME
EFIARBE L , AbFE IS A 75% (mL/mL) 2B 3
5 min J5 43 25 BCE 5 E B I 0 g o R
B, ST WATIR A ERWE BE0 . 37 L, & W
A 15% 64 7 45 R A % R 1Y MEM 564
BRI o A A0 R G SR Y A B SR AR
It DIRHR2~3 d s, R4 A B 2
85%M} , FH 0.25% 9328 A B AL 12 244K, ai il =
PR AW 1 % 11 2 NI = W [ i e

123 JFRIiG UL % BMSCs U 3 A0 4t i, L %5
HF 5 x 10°AHFLIEEFF 6 FLAR P, 40 LI A B 1k
909 A2 A7 B, Fe IRAT ZH iy 1 0 IF S0 28 4 A A% e e
53 , i FH Lipofectamine®LTX %% Y i 551K 45 2H Tk
o1 i EE g 2 BMSCs. Y45 48 h, fli OB IR
WA BE AR DO F R i TR Yo (YR =
BN oA MR SR x 100% ) . % R EE YL T
L AS [RD R A0 B 4 Ry 3 3k SC B A | 3 3 3k ) iR
2o AR IR LI AL SRk X IR A

124 PHEELIYL(n, BMSCs %YL 48 hm , #I 4 K,
B W (a-MEM+10% FBS+10 nmol/L B H i iz
A1+100 nmol/L Hi ZE K #4+50 pmol/L. VitaminC ) ,
3 Al —wk, BB E S 3 d AT dJE ol R AT Y
o, PBSPEVR 23 , 4% 2 5 WP EE [ 72 30 min, ddH,0
P33, 1978 2 20 4 i G 220 ~ 30 min, ddH,0 7 3
)R TAT G U S R S

1.2.5 RT-PCR & IAH G mRNA - H Trizol %4
il e L J 1 25 A A B, PR HRLE RNA L DL 2 g O
20 wWLA&Z S # 57 K cDNA, J5 I RT-PCR R 246
I AL SR 75 Runt AH E #5812 (Runt-
related transcription factor 2, Runx2), L) T ifi 48 A=
FESEAR W I/ AT AR A2 K P -BB (platelet de-

rived growth factor-BB, PDGF-BB) JERAERKAT-B
(transforming growth factor-B, TGF-B) ) mRNA ik
N IR/ DS 1 U W R E2E S PUR/AS:N
X =2 R A S 21 Y ik DA A5t 1R 4 14 R X
RIKKF-o

F1 RT-PCREIYITHI
Table 1  Synthetic primers used for RT-PCR

Primers Sequence
F:5”-GGCACAGTCAAGGCTGAGAATG-3’
GAPDH
R:5”-ATGGTGGTGAAGACGCCAGTA-3’
HIF1 F:5’-CACCGCAACTGCCACCACTG-3’
-la
R:5’-TGAGGCTGTCCGACTGTGAGTAC-3’
Rum F:5’-CCATAACGGTCTTCACAAATCCT-3’
unx
R:5’-TCTGTCTGTGCCTTCTTGGTTC-3’
F:5’-TCTCTGCTGCTACCTGCGTCTG-3’
PDGF-BB
R:5’-AAGGAGCGGATGGAGTGGTCAC-3’
F:5”-GGCACCATCCATGACATGAACCG-3’
TGF-B

R:5”-GCCGTACACAGCAGTTCTTCTCTG-3’

HIF-1a: hypoxia inducible factor-1a; Runx2: runt-related transcription
factor 2; PDGF-BB: platelet derived growth factor-BB; TGF-B: trans-

forming growth factor-3

1.2.6  Western blot KA G EFAYL 48 h )5
3 590 4 BCSI 6 A T B A B T TR R Y
b BB BN, I PBS TR =il , AT i £
T RIPA 24 W0, 76 VK R 40 B 72 43 24 % 30
min, J5 B0 (4 °C,12 000 r,5 min) , B EWE, A
5 x Loading Buffer 7£ 100 °C F 5 10 min, HiJK
Jo e B, AR W5 Ky B 45 2 h, — P B IS (GAP-
DH #5 B¢ U7 9 1: 10 000, HIF-1o . Runx2 il PDGF-
BB B LU R 1:2 000) 43N A, B FE IR, 4 °C
WEE I . 1 x TBSTIEVE3 i, A ZHr sl T i
B 1 h, PESE A AP B AW, i ] Image lab version
Gt LR R
1.3 %t F o

iz 1 SPSS 24.0 G i+ 1A% 43 A i 45 5% 46 B4l
TR OB A IR A, P 2H 1] Hb 35 R At S R AR
tRi g, P < 005827 BEAG IR M
GraphPad Prism #{F 251 58 1114

2 &F R
2.1 kR

3 PR i 2R 38 ARG R 38 41 5ok H BamHI 7]
J&i i FIR SR A IR IR SR AL B S RN ]
$7:7.8 kb .6.4 kb, HEULA R R 3.
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22 BMSCs ¥k A%z PR A 98.29% ; R 1 P PEFR 1G9 - 15 1L 240 i bt )R
DA A0 T R e s B R R RE 15 & CD45 [HME R 4.2% , L) |45 5359 55 4 6] 76 5 3k
P3 A0 AT UL 40 52 00 BE A K i K AR TE etk , W TR T 2 M R A

1o 30 220 AR M - ] 52 5 T 4 Mg 0 i €D29 [

23 kb & K 2 75% 5 IR 32 3k S0 2H 2 3k 3 29 R 76% , %
BEYL 48 h 5O R A BRI, 3 WA ZH 245 T0% 5 32 32 3K S 56 20 9 e KR Ry 73% , %of B
e YL TR Y BMSCs 5 4% (28 e 2 ik, e B 40 it A H268%, WK 2,

Confocal

Low expression

experimental

Low expression

control

Over expression

experimental

Over expression

control

Brightfield Merge

a: the primary cells were round; b: P3 cells, the cells adhered
to the wall and grew in long fusiform or whirlpool shape ; BM-
SCs: bone marrow mesenchymal stem cells

Figure 1  Cell culture of BMSCs (% 50)

B 1 BMSCs 53R (x 50)

BMSCs that were successfully trans-
fected with DNA plasmid showed
green fluorescence expression, and
the cell growth density was approxi-
mately 75%. The expression level of
the low expression experimetal group
was approximately 76% , and that of
the control group was approximately
70% . The fluorescence level of the
overexpression experimetal group was
73% , and that of the control group
was approximately 68% . BMSCs:
bone marrow mesenchymal stem
cells

Figure 2 BMSC transfected
with plasmid after 48 h (x 100)

B2 JUkid Y BMSCs 48 h 5
(x100)
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24 HELLELER
KHWMEHESIAMT AEHETLE R

R 0k 5 56 21 95 45 7 i AU/ TN B b T ] A3, 25 LA A T AR R (1 3) o

Low expression Low expression Over expression Over expression

experimental control experimental control

R ]
kb

o P
The area of calcium nodules in the low expression group was smaller than that in the control group and smaller than the area of nod-
ules in the overexpression experimental group. The area of red calcium nodules in the overexpression experimental group was signifi-
cantly larger than that in the control group, and the calcification area in each group increased significantly with increasing osteogenic
induction time. BMSCs : bone marrow mesenchymal stem cells
Figure 3 BMSC alizarin red staining results for each group (x50)
B3 4541 BMSCs P R AL RAAER (X50)

25 Eotes g A Ak B F mRNA 2%

1t 23K LB 4 P HIF-1o 9 mRNA 23A S T
HoXF FRZH (P <0.001) , R 3% 35 52 55 41 HIF-1o (1)
FIRWAL (P<0.001) ; 5 R B LR B AP

Runx2 . PDGF-BB il TGF-B Y mRNA ik i 3 A%
(P <0.001) ;33 3K 40 1 Runx2 .PDGF-BB 1 TGF-B
1 mRNA 357K P 25 T H X B4 (P < 0.001)
ZRBHASIT¥E L (FK2),

K2 A ANE S U A B DG T mRNA 23K

[Fi] — ] ) B ek 6 8 4 1 45 19 Bl i 5 2o SRk S0 20
Z1 855 251 T AR O T X R, B m i 75 B

Table 2 mRNA expression of osteogenic differentiation and angiogenesis related factors xX*s
Low expression Low expression Over expression Over expression
Gene names 1 P ¢ P
experimental group control group experimental group control group
HIF-1a 0.373 + 0.020 1.023 + 0.231 22.522 <0.001 1.563 +0.128 1.013 +0.171 0.896 <0.001
Runx2 0.618 £ 0.012 1.025 + 0.229 32.776 <0.001 25.462 + 0.406 1.023 + 0.204 6.278 <0.001
PDGF-BB 0.097 + 0.011 1.009 = 0.155 16.531 <0.001 3.322 +0.111 1.009 + 0.147 1.705 < 0.001
TGF-B 0.447 +0.013 1.023 + 0.222 9.203 <0.001 1.734 + 0.016 1.006 + 0.112 17.389 < 0.001

HIF-1a: hypoxia inducible factor-1a; Runx2: runt-related transcription factor 2; PDGF-BB: platelet derived growth factor-BB; TGF-: transforming
growth factor-B

26 Bl f g A R A8 X B T Western blot 3 3 i

%R

1 F TR UG £ v HIF- 1o 9 2R 1 2604 5 T Hx)
HRZH (P <0.001) , {RFR IR S B2 Ff HIF- 1o Y 2K AR
THH B AL(P < 0.001) 5 45 5 7% - I 3235 52 4 41
o Runx2 , PDGF-BB [ 3535 i 2 &M% (P < 0.001) , 3
F 3k K A h Runx2, PDGF-BB (1) 3% 35 44 &
(P<0.001), 25 HAAG 2L (K4)

B FAE A A R B A TR B E
AR A FEA R, AR W], HIF- 1o iR A2 A9 38
I T LAAE A I A ) OB A BT, i, A7 A I
e H B AR BT AT . ARWFSEIE T HIF-1a R
AN F BT A AR TR RN . AR
PR LY A 25 T WK HIF-1a 1 F 5K F 5 BM-
SCs #5255 % B ALSE F , 3R B T HIF-1o KX
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Low expression groups

W

=

4
n

m Experimental group =30
=1 Control group S

sesieok

Over expression groups

m Experimental group

Relative protein expression

g
o

HIF-1a Runx2

B . =1 Control group
7 05| Hk

Kok %2'0
8
g 1.5 e e
21.0
2
E 0.5 H H H
=
= 0.0

PCGF-BB HIF-1a Runx2  PCGF-BB G

1: low expression experimental group; 2: low expression control group; 3: over expression experimental group; 4: over expression

control group; HIF-1a: hypoxia inducible factor-1o; Runx2: runt-related transcription factor 2; PDGF-BB: platelet derived growth

factor-BB; TGF-B: transforming growth factor-f; ***P < 0.001

Figure 4  Protein expression of osteogenic differentiation and angiogenesis related factors

B4 2 A5 A AR S N T Rk

BMSCs 1 iU BE 1A B Z A5

Tl JIg 196 UL 3- 3 ¥ (phosphatidylinositol 3-ki-
nase , PI3K ) /25 [ # i B (protein kinase B, AKT) {E
5 HIF-1o 25 YIAH JC {5 5 30 i, HAL S a1 02
— P R R AR, o Akt S TR AR, T 7E Y
A KA TS PR AR . BTG S Akt o] BRI LT
JHT AR IR TR B R AL A TR T AR T, 3
FE M AR R EE AR, IR X I 2 3G A
B AT RS A SRR VE T, BB S B sl #2110 = 5 1
AR, Xie % W58 & I i 32 74 % 2=
FR P4 it (receptor tyrosine kinase, RTK) J# i PI3K/Akt
WAEIE , Al g HIF-1o (2R IA 15

AL A= K I F - B (transforming growth factor-,
TGF-B) 1] 75 S 10158 A K2 200 0 0 100 A8 o DL A AT %
Fo Ak, WA I 4 T A P A A 02 0 4 A s
FE A A B R AR TGF-B 1] [R] A 9]
T 1B A0 5 A B 1 1 AR 0 40 i A
e TR G, NS 5B EH e, AR5
g5 & B, BMSCs = % 15 HIF-1a J5 , TGF-B 1Y
mRNA 5 8 1 2 35 KP4 & |, 1 HIF- 1o fi
3K J5 TGF-B ) mRNA 5 & 1 % 35 /K °F i 35 F
fi%o Lv %M HIF-1a T30 RNA Bk 54 5 2 /N
NIH-3T3 4l it LATER P EPE HIF-1o, 2552 R TTER
HIF-1o J5 40 0 b TGF-B Ay IR A B .

PDGF-BB iy —F I 58 7 1L /N A P i) Bl 25 1
JI, 2 5] 70 5 440 L B R4 B %) G B A
T o A I ) L4 & 4 AT AR 2 i A )
B, ARSI ZE R R, BMSCs i #35 HIF- 1o 5 s
PDGF-BB ) mRNA FlE 1R A4, Pang 55
FEWFSE & B PIBK/AKL (5 il #6 2 5 T PDGF-BB

B0 GE S LA M 58 585 . Mermis 551
B HIF- 1o BRSSP siRNA B, 25 5 R HIF-1a 5%
YL 24 s PDGF-BB 1 3L W09 B GP-120 2 H I AA1E
TR IR R, A LI AE R,

Runx2 {E A HIF-1o FLEEF S, RERSHE 0] 78 o+
SRR | oS R A L R S A B T 1) A G kR 3 TR
HEAT 2 ) B S AVR R, ] FH A0 B 431k 1Y) B
J3150 A ARIEFS H HIF-1a AT DL 38 Runx2 (1)
35, Runx2 Z 5K e 25 Qu AE T R BT
B HIF-1o (235 5 AT 0 25 #H] Runx2 B9 3R16 . A
S 45 B R 43 5] L PR AT 98 BMSCs H Y HIF-1a
J& » Runx2 ) mRNA FIZE [ R385 7K P40 0 2 T+
TR 35 Xu " RS4R3

g5 BT HIF-1o A A 32F 1 B 43k B i 78
A=l fe ) A LA -, i i 845 Runx2 . PDGF-BB
TGF-B B 7K 52 11 BMSCs 89 8B 431k K 148 A i
eI
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