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[(FE] HMY  BROMCEEGE B O SR $is 752 -1 (hypoxia inducible factor -1o, HIF-1a) X BB 2
K M 2(bone morpho-genetic protein 2, BMP2 ) i5 5 T4l il i FB /AL 520, I ] HIF-1o 768 T 40 M8E s fk
WIFER . D5tk F AR IR 8 AABMP2 (AdHIF-100 AdGFP, Bl % [F] 2% T 41 Jift , Western blot 546 BLER B L BH 43
Ak B i S R 45 1 Sox9, Runx2 (1) 3235, Real-time PCR ¥ K U B 7 BUH 73 fb bR 4 COL2AL  aggrecan, COL1AL Fil
ALP mRNA 3k, Alcian blue ,ALP ¢ Alizarin red S 32 (kG #5840 Mo 40 3 i K o B R A Eh DTRUIE 0 . HEAT T 40 M BRI
TR, WELR [Rl b FRZE JE B He i 2 R G5 I 0, 4R HIF-1o %) BMP2 5553 1 40 i i1 R A e, g5 9% i
S5 E 1.3 K, BMP2 + HIF-1o 41 Sox9 % [ 7534 8 i 5 7 BMP2 Bjdt 434 | 1] BMP2 + HIF-1o 2 Runx2 % [ %348
BALTF BMP2 Bl b BELH . 5S40 b5 45 7.9 K, BMP2 + HIF-1a 41 COI2A1  aggrecan mRNA #H% 355 B % & F BMP2
PhALFRZL (P <0.05) , 1 BMP2 + HIF-1a 4] COL1 A1 ALP mRNA AH%} 2235 H] A T BMP2 it ib ¥4 (P <0.05) , Alcian
blue 41t % 3 BMP2 + HIF-1o 2 3CH 41 M AL 5 430k 2 F BMP2 B A R, Y TR % ALP 4L % #l BMP2 + HIF-1ox 2]
ALP (35 HESS T BMP2 St kb FiieH ; P52 40 Y 8,5 I BMP2 + HIF-1o 2H % BMP2 S b BRZH B SRR 4B SR AR 51 /0 s R P it
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HIF-1« potentiates BMP2-induced chondrogenic differentiation but inhibits osteo-

genic differentiation in stem cells
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[ Abstract | Objective To determine the effect of hypoxia inducible factor-lac ( HIF-1ot) on bone
morphogenetic protein 2 ( BMP2) -induced chondrogenic and osteogenic differentiation in stem cells. Methods
Recombinant adenoviruses AABMP2 ; AdHIF-1a and AdGFP were generated to transfect mouse stem cell line
C3HI10T1/2. We detected the protein levels of Sox9 and Runx2 ( chondrogenic and osteogenic differentiation
critical regulatory factors) by Western blotting and the mRNA levels of COL2A1, aggrecan, COLI A1 and ALP
( chondrogenic and osteogenic differentiation markers) by real-time PCR. Alcian blue staining, ALP staining
and Alizarin red S staining were used to detect the secretion of cartilaginous matrix, ALP activity and bone ma-
trix mineralization, respectively. We further demonstrated the role of HIF-1aw in BMP2-induced chondrogenic
and osteogenic differentiation by subcutaneous stem cell implantation in nude mice. Results On day 1 and
day 3, the BMP2 + HIF-1a group (stem cells treated with AdBMP2 and AdHIF-1a) showed significantly higher
protein level of Sox9 and significantly lower protein level of Runx2 than the BMP2 group (stem cells treated with
AdBMP2). On day 7 and day 9, the BMP2 + HIF-law group showed significantly higher mRNA level of
COL2A1 and aggrecan (P <0.05) and significantly lower mRNA levels of COL1A1 and ALP (P <0.05) than
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the BMP2 group. We also found that the secretion of cartilaginous matrix in the BMP2 + HIF-1a group was more

than that in the BMP2 group, proven by Alcian blue staining. Bone matrix mineralization was not obvious in the

BMP2 + HIF-1a group as compared to the BMP2 group. In vivo, the BMP2 + HIF-1a group formed more carti-

lage structures, but the BMP2 group formed more bone structures. Conclusion

HIF-1a promotes BMP2-in-

duced stem cell chondrogenic differentiation but inhibits osteogenic differentiation and endochondral ossification

and maintains chondrogenic phenotype.
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hypoxia inducible factor-1ac; bone morphogenetic protein 2; stem cells; chondrogenic

differentiation ; osteogenic differentiation
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KA 2 (bone morphogenetic protein 2, BMP2) 744
WiE—MZIREEA, B T4 K H 1B (wansfor-
ming growth factor-g,TGF-B) MR R TERIG %
B AR R 20 B 5 Ak T T A R SRR,
HAERSMNES A T a0 s e &
FEGE I 22 LAY Smads {55 LA KR4 LAY MAPK 45
T UEAE 5 B A T R o Ak O S A SRR 4 I
Sox9 , LA K Hr 43 A O B i SR 45 I F Runx2 45 1) 3R
P EL [ (TE S DA = N W = R (o &% o 1B e 2 1 U £
G | AR

H R TE T4 M A= 2% LA SR A A DR % T 4
BB UK S A S e T AT ST B T SR R
TR E SR B P RIATI AR LR R XE ) SR BRI T
A A AR5 7 A5 T 2 LA ) 2 S e 2 T R 1)
w7 KA S F-1a (hypoxia inducible factor -
Lo, HIF-Too) S 4 AR 58000 25 1 77 A B S B B S ) 422
DR80T R AR 403 Y T 40 R B L B A R 1Y
AR R T EEEMNY ) HIF-la EH A ST
TRAS Dy W Wi, N R A 45 H A BRI e (HAEAR A T
RERS TR E AR TE , T N AR MR , 5 20 B A P 2 2Rk 1Y
HIF-18 454, 3 3LRI 454 2] DNA I 5 T IEE N Y
G ARSI M E T HIF-1o (49 55 20 0 2, R
T, A AR H AR A T AR e R GA HIF-1a, #5097
HIF-1o % BMP2 755 09 1240 M SR LE oA Y 52
M, 3E— 25 ) AP 403 B T 2 B B R o Akt R rp
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1 #REFE

1.1 tmfassic 5Momey i

C3H10T1/2, HEK-293 4f Jig g B 3¢ [E ATCC A &), &
10% {9 B 25 1L 35 1 56 A K5 3 3, T 5% CO, 46 B 9% (H-
DMEM JI5 4 L7 11 HyClone 23 )) . B il AdEasy 2 28ty
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PR, B BMP2 0K 350 A AR i HIF-1o0 25 [R5 42
PCR 934, SR G 8 B E M3 AR , e K AP h A T R B
1930 T 21 B 2 ORI J5 TR AL 4 i R HEK-293 rhafk 73 A
FIRWRE " 155 AdBMP2, AdHIF-1a, AdGFP 45 if 455
B (3B 2 00 BF R 2 B 22 35 B B 40 b 8 S 56 = ol 58 1] 2
B HATARIR R 1 .
1.2 Momar g Fapstis B eyl me ks
C3HI0T1/2 /N B U 1 [F) 78 5 T UMK , 76 3 B3 75 45
RS B KAk, T Zam AR K 7 (a0 BMP 45) 4
FITFAS2 30 ¥R 1) BMP2 HIF-1ow 45 % % 50 B« B B 44 1 5%
mi? . AABMP2 ., AdHIF-1a F1 AGFP J& Y C3HIOT1/2 41 ffd
24 h J5 38T AR SR IR B PO R A SR Y 3%
ik, T ARG L 30 h J&, F TRIzol i3 (J4 H Invitrogen
INT)) BUAR T 40 i IE 4 U RNA, R 4% 554 AL cDNA, RT-PCR
il HIF-1oo . BMP2 () mRNA F3515 00, BMP2 54751 : i
2|4 :5 -ACCAGACTATTGGACACAG-3', FiiE5 |4 : 5 -AATCCT-
CACATGTCTCTTGG-3'{" 1 A Ex K i 174 bp ; HIF-1a 5| ¥ )5
%l . 5'-TGCATCTCCATCTCCTACCC-3', T i B] #: 5'-CGT-
TAGGGCTTCTTGGATGA-3'§ 48 - B K- B 152 bp. 15| 4:
5'-CTACACTGAGGACCAGGTTGTCT-3", F ¥i# 8| #: 5'-TTGT-
CATACCAGGAAATGAGCTT-3 §#4 A Bt | & 123 bp, RT-PCR
P48 21 : BMP2:95 °C 4 min, #E AfEIF,95 °C 30 5,57 °C 30 s,
72 °C 30 s,3L 35 AMEFF,72 C 7 min,4 C{5AFE; HIF-1a:95 C,
4 min, #E AFEFF,95 °C 30 5,57 °C 30 5,72 C 40 s, 3L 35 4E
0,72 °C 7 min, 4 CARTLE; 97 38 7 Wy 2R FH Bt B W 68 e Al UK
Tanon 2 500 B EUE BT R GEEAAHT, RAERIR, HAEE,
1.3 Fmiamia s m a1t
1.3.1 Western blot % B 518 BB 70 b DB i S v 4 A 7
Sox9 . Runx2 33k C3HI0T1/2 % ¥4 T 6 FLAR , IRk 28K
Yesb #5320 - AdBMP2 &Y 2l AdHIF-1o JR Y 4 . AdBMP2 I
AdHIF-1o JE [FR L4 DL B AAGFP SR, Tk T b5 58
1.3 K, 200 (W 3 28 5 KA ) 240, W BB A, T
MR I B RE S oh i, PRSP 5 LUK 43 25, L% & PVDF &
(M A Bio-Rad AH]) ,5% Bife Wity Z= I3t 1 h,4 CHEF —t
[ anti-Sox9 ,anti-Runx2 Fll anti-B-actin (¥4 [ & [¥ Santa Cruz Bio-
technology 2\ ]) 3 &, TBST Wi ¥, = RME & ¥t (i =
Pi:1:2 000; L EHT =47 :1:2 000)2 h, TBST PE¥%, fh2F &t
e AN S ) AR e i
1.3.2  Real-time PCR #;0 B 5 434k b idi 1) COL2AL | agger-
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can DL R 3 AU AR 4 COLLATL ALP (3R 3k TS5
fbJ5 55 7.9 K, TRIzol #2& B RAN, 3% %% 5% i <DNA, il i
Real-time PCR ( Real-time PCR 7] &g [ Bio-Rad /&) ) % il
A PRLH AR A3 AR ) COL2AT  aggercan L) K il 434k
ik COLIAT ALP [k ( BLA4341TR 1.3.1) . GAPDH [
W51 ¥ 5'-CTACACTGAGGACCAGGTTGTCT-3', T W 51 91 5'-
TTGTCATACCAGGAAATGAGCTT-3', §~ 8 | Bt K J&F 123 bp;
COL2A1 L5514 :5 -CAACACAATCCATTGCGAAC-3', T i#5]
¥ :5'-TCTGCCCAGTTCAGGTCTCT-3", ¥ 1% i Bt K & 159 bp;
agerecan | i 5|#):5 -TGGCTTCTGGAGACAGGACT-3', | 75|
¥ :5'-TTCT-GCTGTCTGGGTCTCCT-3', ¥ # / BL < & 188 bp;
COL1A1 F¥i#514%):5'-GAGCGGAGAGTACTGGATCG-3", Fiif5]
¥ .5 -GCTTCTTTTCCTTGGGGTTC-3", ¥ 1% | Bt K JBF 158 bp;
ALP |31 %5 -GCTCTCCGAGATGGTGGAS3 , F i8] 4.5’
AGCCTGCTTGGCCTTACC-3', ™11 Fr Bt K J&F 121 bp, Real-time
PCR SR 262 95 °C 3 min, PEAJRFROS C 105,58 C 55,3k
PEER 39 1,58 C 55,95 C, L s Hh 2 S ith £, 45 1 Cr
8,4 H R HE 1Rk 5 5 NS R GAPDH #H17hRMEAL , 13 5
A LR I A ek .
1.3.3  Alcian blue 4o W05 T 40 ff 75 5t R B 4316 5 48 i £
HEFMFIE  C3HI0TL/2 % MUl 24 FLAR, B 2 i b 3
SPAIR 1301, TS aEH 7.9 X, T AN R L £,
Alcian blue J4#H H Sigma-Aldrich 2y a] . 403 F=FLHE PBS
WHHVEE I 4% Z R P EERE E 15 min, Alcian blue Y44} 2 I
Yett, 30 min, ZEIR/K YL, SREB Ao
1.3.4 ek wE M2 B 76 1 (alkaline phosphatase, ALP) 4t {6,
C3HIOTL/2 & #1 4H At 5 24 L Ak . s 75 1k e 4k 38 43 201 [)
3.1, FiESa e 7.9 X, T R ACEREY) ALP (35 1
Kl o =T AR A PBS T Uk 5 B P62 A R BRI DY I [
SEZ130 s, ALP Yt (9 Sigma-Aldrich /A7) 444 10 ~ 60 min,
S g T SR s L, RER .
1.3.5  Alizarin red S 4% {8 4ff g & 3 57 45 £5 U0 B2 17 0
C3HI0T1/2 # #iAH 24 FLAR AR 2R A B A 41 1. 3.1, )%
Qo) 24 b, B NCE 5 3 B SR LAk S By R, B AR L)
AFEHIR MR (50 pg/mL) (B-HIMBERREE (10 mmol/L) . F A
HHERIFRIEH 7.9 RHAT Alizarin red S Y€, , 6 0 1 5y 45
ERPIRUGIL, BARTT 5% Sk 13 ],
1.4 FafeR R L T A

C3H10T1/2 J&Ys AdBMP2 AdHIF-1,AdBMP2 + AdHIF-1¢
1 AAGFP Ji5 24 h, W40 FH PBS i s 40 B, 29 5 x 10°/
TR, B R T, 4 AR PR B, R BT i 2y 15g/ H 4 H/20 (1l
B ZHERELE Y P.0) . AR ETR S FATER R,
B BAE RO Y W S b, S ST B 52 56 48 FLAH ¢
FLE
1.5 HE $& %#42.“0” B % 3 & F=2 Masson 3 & IR

BB EAREH

HEHI 4% 2 R W EEE E , 2 A5 A A A 3, 47
AV R, YR AT HE Jet FR40 0 [ 4% Y 4 Fl Masson 4
OAFHSUR g0, BRSSO 13 ] 0 B P WEEE 5 R 42
S5, LB AL IR SR IR ), IR A AR

1.6 %t

% H] IBM SPSS Statistics 19 48 3%k 4, 2 % k) v [ 4%
4 2 )2 TR AR 2. T 22400, IR o K I AT B AL
] L

2 HR

2.1 MmAERd CBHIOTL2 Mt £ Ea kb
RT-PCR #-im| 25 R

JiRR TR C310T1/2 4L 24 h, LIRS (FDG) , 4k
HHAHR AT WP (3R 35 , AABMP2 (AdGFP #R#EHF 4% (5,58 i
HEER, AdHIF-1o #EAF L1 A5G F R (B 1), 96 E Y
FEIRUE T NI B LT B T4 ; 26 L 5 30 h, 32 RAN Jf:
i 5 RT-PCR 4% $L91F 52 AdBMP2 | AdHIF-10 X )37 H % 5L A
BMP2([&] 2A) (HIF-1a ( &l 2B) #£ C3HI10T1/2 40 g N 3K 15 5
#ik,

bR DS ATAL G

AdBMP2

AdHF-1a

AdGFP

1 AdBMP2 AdHIF-1a, AdGFP &3t C3HIOTL 2 SRR A
R¥EKXERAFRIEL ( x100)

2.2  Western blot # Sox9 . Runx2 & & # %3k
Western blot ¥l 25 R Bor b3 5 1 d(K 3A) .3 d(H
3B), BMP2 + HIF-1a 41 Sox9 %5 (47K E-3 15 W i & T BMP2 24
AALPRZE 1] BMP2 + HIF-1a 41 Runx2 2 /KR k0 BAK T
BMP2 Hufih L
2.3 Real-time PCR # i COL2A1 . aggrecan mRNA #j
Rk
FERLEH 7.9 K, BMP2 + HIF-1o 21 COL2A1 mRNA
AHXTFRIB W] i 5 T BMP2 PR G PZH [ 7d, BMP2 + HIF-1o 26
(19.0 £2.0)vs BMP2(8.4 +3.9)4],(P <0.05);9 d, BMP2 +
HIF-1a 41(17.9 24.7)vs BMP2 41(3.9 £0.9) , (P <0.05) ] ;
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BMP2 + HIF-1 4 aggrecan mRNA AH%} 3214 WA i 55 T BMP2 B
MACERZA[7 d, BMP2 + HIF-1o 21 (22.9 +2.8)vs BMP2(6.3 +
1.3)41,(P <0.05);9 d, BMP2 + HIF-lq 41 (12.4 £1.0) vs
BMP2 4(4.2 +0.32),(P <0.05) ], iESMLIEEE 7.9 K,
BMP2 + HIF-1a 4] COLIA1l mRNA #5324 01 5.4 F BMP2 #
MAb ¥4 [7 d, BMP2 + HIF-loo 2 (1.6 0. 1) »s BMP2 4
(3.7£0.2),(P<0.05);9 d, BMP2 + HIF-1o 41 (2.1 20. 1) vs
BMP2 41(5.0 +0.5), (P <0.05) ] ; BMP2 + HIF-l1a 4| ALP mR-
NA AFHXF 5 W 8 F BMP2 Bfifh 40 [ 7 d, BMP2 + HIF-1«
41(8.8 £1.3)vs BMP2 41(13.6 £2.4) ,(P<0.05) ;9 d, BMP2 +
HIF-1a £0(9.9 £2.0)vs BMP2 1 (13.6 +1.6) ,(P <0.05) ], I,
& 4,

2000 bp—

«<BMP2(174 bp)
«GAPDH(123 bp)

®

2000 bp—

1 000 bp—
750 bp—
500 bp—

250 bp—
100 bp—

«HIF-1a(152 bp)
«GAPDH(123 bp)

M: 474 ;1,3 AdBMP2;2,4 ; AdGFP
E 2 RT-PCR #ill AdBMP2 AdHIF-1a, AdGFP BZt5
%5 5/5 BMP2(A) HIF-1a( B) fy 3R 1%
2.4 HIF-la xF BMP2 # 3 F 20 Je & kB A 8 20 e,
SRR 0 4 Bk 0 e
R ALP e (oGl ALP i35 %P, ilad Alizarin red S

7d

e I 22 5 T SRR IR A A AL B R S £R DU
L. FR B HIF-1o R A2 HE T BMP2 5 51 20 i i1
IR ANRANIE R B 436 (1D SA) I HAME] T ALP (193635 &
TPECIE SB) LI A5 ERDIURL( SC) o BE—2UESE HIF-1a X
BMP2 75 T i ARCB AL O 2 HEAE L RS0 E AR B A A

Sox9— «—65x10°

«—55x10°
—45x10° ()

Runx2—

B-actin—

1 2 3 4
Sovo—> M 510
o

—a5x100 B
1:BMP2 48;2 . HIF-1o 28;3:BMP2 + HIF-1o 28;4:GFP 4 A 5%
s 1 d;B: FFaikE 3 d
3  Western blot #&illl%& 48 Sox9 .Runx2 & [ &KX

Runx2—

B-actin—

oBMP2 41 HIF-1o 41
mBMP2+HIF-1o i m GFP 41

OBMP2 41 O HIF-1a 41
W BMP2+HIF-la 4 B GFP 41

— = N
S W
™

=RV V]
L —

COL2A1 mRNA
EROE ST

Hsf ] (¢/l)
OBMP2 41 @ HIF-1a 41
 mBMP2+HIF-1a 4 @ GFP 41
a

i e/l
OBMP2 41 HIF-1a 41
WBMP2+HIF- 1o 41 BGFP 4

6 25
-
Zhg O g 20
T 4 z |
"% 3 2R
i"p? 5) = 101
SES =E §f
()

0 0

AR (e/cl)

R[] /D)

A:COL2A1 mRNA; B: aggrecan mRNA; C: COL1Al mRNA; D. ALP
mRNA;a; P<0.05,% GFP 4134 ;h: P <0.05,%5 BMP2 4140
4 Real-time PCR #:ill COL2A1 .aggrecan mRNA f5Ri%

9d

BMP2 41

e

~ HIF-la 2E ) MP2+HIF-1a 41

Y

Alcjan bluc

Aliz:a}in red

GFP 41

BMP2+HIF-1o i) GFP ﬁﬂ

B5 TRFLEFENERKE HESUER (LM x100)
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2.5 HIF-la &F BMP2 # -5 89 T ta fe. oL 69 % v

HE Zefa FH20° 07 [ 2 e (4 F Masson e % $)L, BMP2 +
HIF-1oc 4 B 20 15 45 K v DL 0B B 60 458 21 2 i 4 i
SN s BMP2 b A R B 5 PRI 7) , G045 B /N R 2 R
AR A . RN SER R — RS HIF-1a RS 15
BMP2 75 T (14 A0 1 oA 3 i oA B e A,
AEFFECE R (1E16) o

BMP2 44

TLL 07 [H (0 Y n, HE Ju5,

Masson 410,

" -),‘ " ‘ “ .'-.‘ \
3 77’“ ~r %"‘"r".l1 3
‘. N 5 n\\‘j‘ | x
E6 AELBAENZTHMERE TBRERSE
RAETL (LM x400)

3 it

PEAERE , JEF 40 1) P AR TR T R W R R
TSR ST PR o R KRR K T
BMP S 7E (2 0F T 4 i B s oAk 7 Ve T, © 8
Iz RAHBESE BT 40 Y S 1Ak i 4 AT
SR THRIR . BB A ER B A R
20 e R ) S R s R 2 — 1) AR SR T R T R
Rz AT KRG IR T IRE ST 4Ry
OB P R R SR 4% [ HIF-1ac X BMP2 3551
A R R A R T AR IR 10— B TR
SR AR R T AR B s B VR

AT & BAE C3HIOTL/2 4iiffd rfr, BMP2 fig 5 Bl
1 JH Sox9 B ik, JF H OB B 42 F H T Ui 5
COL2A1 aggrecan (31K, Sox9 JEHLIAIKHIE W& A
A5 200 AR o3 Ak 3 R 1 v G B A SR A 4 TR
T, 24 Sox9 FEPIBE @ BRI, IEIG & B AR v s B i

MRCE & BN . fE C3HIOTL/2 41, Sox9 (1)
#3155 BMP2 7746 B RAOE R, HAE Sox9 Ay 3h
F AR R T BMP2 {5 SH06 H R A w1 A
Sox9 REMS I — AT R UHECE LA SCSE R COL2A1
SR X B FRIE S T BMP2 RE % i i R 45
Sox9 [ , JE 5T 140 L ) BB Ak o

[7] {5} A S 36 7R AR A7 51 40 M 4 Ak i i 7 rp
i, HIF-1o REREHA 1858 BMP2 5549 T 40 M09 Sox9
FIFIE , [AIFE Sox9 1) T UiESE K] COL2A1 aggrecan [} 3
IR AN, Zhang 250 7 BBk Bl i SR T RO AE R
WAL, HIF-1a BE9% B B 3005 Sox9 1Y 33k, I 15
Sox9 A 1L SR R TG 2, IR IA O HIF-1a 11 Sox9
AR F X B A AR AP . Duval 2510 G RE % BRAE
TRAAE T 30CE B R HIF-1o fEAS 4545 Sox9
W g 8§ bR A, AT L Alcian blue Je
B HIF-1ou 6 0% Wtk 348 i1 452 200 Jf 41 328 55 19 43 306
TE AN Amarilio 25 R 45 (4 45 S, 16 0 e
Hh HIF-1oo 38550 T 5 40 M40 358 5 1) 4306 , 12F 1 9K i
Y ) B UL A AL, T HIF-1o0 3235 1 FAIG, T B 55
T 40 1A R AN A A SESR . R, FRATTIA K HIF-
Lo SE s o B b ) EE 2 I, IF B Sox9 78 H:
WL T BB, OF LT B HIF-1o &9 R0
FH A 55

BMP2 S {H 3 3 8 55 Sox9 4 i #15 T% B, i LR
WiZE 5] BMP2 fE 0% 94 15 Runx2 J HR i 3& K ALP,
COLIAL (335, Runx2 J& R I 1091 T g S A4 9115
SREMERTEE AN T Runx2 ZER RS,
ANERH B 5E 4 B B AR RS, T A M o Ak R Rk
ALP HULPA 35 Hfn B 1 20 B0 S e A i i
gk BLERIESE T BMP2 GE0% 38 i 1 #5 Runx2 i) 3%
SIS i a1 oD R R

ARSI R BMP2 755 0 4 i 4tk i A2 o, & 3
HIF-1o BERE A WA ] Runx2 33K, [l B IR Ui 9
B bR &9 ALP, COLIAL #3635 B 01 8 F A,
A AR AR ST Al R E B 2 BRI 4 (his-
tone deacetylase 4, HADC4 ) i T Runx2 [ ik, it
R N ) T N A 0 R s L A &|
FiT HIF S50 234 (0 98 75 AL 1 K o 4 b B, 75
B2 R . FRATAY RSN 20 i 52 56 4% R E 52, HIF-
lo BEREIE PP Runx2 (9335, B B ] BMP2 i &
(4 B 44k, AN 1A PN Zh ) SE 96 AT T dE— 2 5
WE . ZHZ12E%F % B0 HIF-1a BEAS B 5 360 BMP2 15
ST A0 4 BB A3 A B B A B I B, A A
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oA T /N B EES TE , dEde T R R
R, 3% A7 #E W HIF-1a FF 5158 59 Sox9 1 8 5
Runx2 {9 R I 1E & & FF X SER00 A OG5, IE ANAE IEH
ST Bl T IR AR AR 2E T HIF-1a BYERIA, 2E 1
PRHE T Rl BB R A B, AR DG 3R B A, i 4
AR,

FATHZE TR 7 T ARSI % 1) S B A S el 42 1A
+ HIF-1a fEREIE TR BMP2 15 5 T4 Ml 0l o34k, JF
PO A S s AL, R T e R R,
FRATTHE T AP 42030 % rh 19 HIF-1 oo 7642 3F 1 40 Jf 22 )
BCE A S AR T RRCE AL AU A e R v R T
IVEH

SE k-
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