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Expression of hypoxia inducible factor-1« in long bone development ZHU Xun-bing,ZHOU Jian-sheng ,XIA O Yu-zhou
DENG Lian-fu*. *Shanghai Institute of Traumatology and Orthopedics ,Shanghai 200025, China
ABSTRACT Objective;To observe dynamically the development of fetal long bone and detect the expression and distribu-
tion of HIF-1ea, to investigate the expression pattern and possible effects of hypoxia inducible factor-lae  (HIF-1a) in fetal long
bone development of mouse. Methods:E12.5,E13.5,E14.5,E15.5,E16.5 and E17.5 pregnant C57BL6 mice were sacrificed.
After sacrifice ,the embryos were delivered by caesarean section. The development of fetal long bone was dynamically observed
by stereoscopic microscope, and the distributional expression of HIF-1a protein was detected by using method of immunohisto-
chemistry. The expression of HIF-1ae mRNA and osteoblast marker gene at various stage were also detected by using methods of
reverse transcription—polymerase chain reaction(RT-PCR). Results; The cartilaginous long bone began to form and joints out-
line arised at £13.5,then the primary ossification center was observed at £14.5 , showing opaque ossification under stereoscopic
microscope, and then the osteogenesis expanded and extended to both sides. Immunohistochemistry demonstrated lots of HIF-
la protein positive chondreytes in the center of primary ossification at E14.5 then they decreased dramatically. HIF-1oo mRNA
expressed at high level from E13.5 to E15.5,and then decreased to low level. Conclusion:Fetal long bone development pat-
tern appeared to be endochondral osteogenisis process, existing hypoxia microenviroment may increase HIF-1ae mRNA expres-
sion and thus initiate the cascade of endochondral osteogenisis.

Key words

Hypoxia inducible factor, HIF;  Osteogenesis; Mice

Zhongguo Gushang/China J Orthop & Trauma,2009,22(8) :599-601

WWW.ZggszZ.com

BT A P 52 58 PR BB R B P G e
JHARAE IR ) A TR PSR AR LR, R
S I, e 18] 5T B2 O I A0 T 2R 1 T TR A 254
BB NI S A R F I AR, R A K
T G BARENLR E AR AR, FEEWELER
FL AR, i T A B R R R | 2 SUR AN Bk e 22 AT
B, IR R R G 5 W M B R AR5 2 R - 1 (hy-

FEETH LB ARFIERL A% B (5. 070413097)
IREH  ABEER  E-mail : lfdeng@msn.com

poxia inducible factor-1a, HIF-1a ) 5B & & HHU4EH R 78T
FEABHAF IR A ih Fe S50 % B ik % & AEREAS HIF-
loo mRNA S8 S A0 18 M KRG Wi 32 A1 i 48 P sz A PR 7~
(VEGF) iy 323k, X T g5 HIF-1o B35 T 52 RS S A gk
BB AR 56  IHE AT & F A BT BE R HIF-1a (9335 B
HEBERFRAMIE, il AR HIF-1la ERE LTS
AR RS kR AT REMEH

1 #¥MR5FZE

1.1 s S5EE M 8 AW C57BL6 /NR( g f g
BT FrRAL) . B 10 B LASE i 2:1 I HL BSO8R H Ry



« 600 - 47 2000 4E 8 H 2B 22 55 8 Wl

China J Orthop & Trauma, Aug.2009,Vol.22,No.8

LRI IR 2R 0.5 d(E 0.5), AZ2 12.5d(E12.5)TT16,
S B BSR R R B B = AR 1 d(E17.5) BR L,
1.2 FEAESIEKA mEAEE.ONL (Allegra 64R Cen-
trufuge , Beckman Coulter) , DU7400 A6 (Beckman, 38
), PCR §" 11 (GeneAmp9600, 35 [ ) , KAEEEN AR A1 43 Hr
ARG (KRBT, L), fif ) 33 BE (Nikon, SMZ800, H A% ),
—Hi N HIF-1a SP/NRZEZ WA (ZYMED LABORATO-
RIES A7), TRIZOL BRFEHGRATFI & (Invitrigen) , Taq il (&
AT,

1.3 XLMFEER K ik

1.3.1 KEEBEABRMOKRMIEEWEE A A i
L R BN BRI G ICER , 43 85 B BB i BBl AR A 4, g
FEEFARE B T B B B L s S B S AR i 2
FHARRIE R,

1.3.2 HIF-lo 8 FAEEHSL2AR A3/ BURIG X
IRZHLRR AT ) F SR SABC e 2H 24Uk 07 s A A [A)
RH BRI AR 2 HIF-1o 88 1RO IE AR 00 , 352
FERLFES: BRI & FH UL . — 0 HIF-1o Sabi/NRE TR
PO, TAEHE 1:100; P AhHfiilad S LRI 9 L 22T %R
1gG, DAB & )i LI B L0 AR 28 (U S0 Sy BE P |
1.3.3 AAEF I B HAARK & A7 HIF-1a mRNA f9334
TEMHIEE T By F AR A/ NV RG 2R, i 43 i 22 B JE 1l
AL, BT VK Eppendorf B H1B7#E . #% TRIZOL 257 &
B 1 25 BN 7 % AR R IARAR A 1) 50 RNA W RNA R B &
afi g, DL GAPDH(H LAY TR RA RS BOENNS
E SR FH 0 2 53— SR A Tl S 0 (RT—PCR) AR 23 AT HIF-
Lo ZEIRME L A BUM RNA 2 pg, TELAR TN 20 pl S8 451
T ,42 CiHiFL5% 1 h,72 CHAS M 10 min, 3K 5E cDNA BiAy ;
BUSAR 2 wl, P8 GenBank /Nl HIF-1o A B2 L iFES]
¥ (5’ -TCAAGTCAGCAACGTGGAAG-3) FIF#ig |4 (5°-
TATCGAGGCTGTGTCGACTG - 3°) , ¥ #7244 198 bp /1
FL OC _EUi#5 149 (5 -gegetetgtetetetgacet-37) FI R U5 | 1) (5-ttig-
laggeggleticaage-37) , ¥ =My 41K 225 bp ; LI/ GAPDH
Bt (223 bp) fENZ IR, PCR P2 1.5%T IGHREEIE R ik , 76
SEOMT TR, DA K/ D B H)E HIF-1a il OC mRNA
K,

2 #R

2.1 KEAEUBROEASFEA  7E E12.5 B, BZEAEK,
BEERTF AT A%, AP ESBE (R B ATS Ry i S 4540 . E13.5 B, mifihk
BERICA 2/3 4rBRIT, BN 1/3 WAakRTF, TSR
B, E14.5 8%, WEESIF  BOBIE R w19a fe O PR & A2
TE N E L 2B CE R (LE 1), E15.5 W% E
AL T RS IR B ERE IO E e Bl . E16.5
Z A A RO 1] P g S

2.2 HIF-la FEEF KB A ERWEALS HIF-la HH%
PEA AL B  £14.5 B ZE K B O B0B B R A TT AR
WGEIFAE R, H A% N LR HIF-1o BHPEBE @0R (ILIA
2). BEE BARBI G A AL A0 BT R IT 1] P S ZE A, £16.5 B
HIF o 8B A FERATE P gz, LEJEE
Hirs bRk,

* %

1 B A RN Be i R Bl e, E14.5 I OL/NERUS 0K
BB AL B (x30)

Fig.1 Observation of long bone development in limb bud under stereo
microscope, primary ossification center appeared in long bone of back

limb at E14.5 (x30)
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Fig.2 HIF-1a immunohistochemitry staining in limb bud:lots of positive
chondrocyte were seen at E14.5(DABx100)
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Fig.3 Detection of HIF-1a and OC mRNA expression by RT-PCR in gel

electrophoresis(GAPDH as internal control gene)

HRMAMEE /N B B P IEESSA, J’A1E
ff AR T o3 BRI R Rl B8R, IR e AR
BYSESERE, ahTT LUK 4 H B e B A B B8 O i s
FEMEHL, BT X LS EH SR %R, 5
Ferk2s BT 2SR A, FE BAGEEN:, TE S S8k
B X AT, Al AR AR ISR BRI 2F e & B AR, 45 A
EEERRTI TR e e i S O W Y e g BU N g NS M)
g2 5] E12.5 I WL ISR SEIE 30 s £13.5 I 50 1 A4 10 B
E14.5 B RIS S ER BB o0 AR /NI AN B 6B Ao A
PR, A1 L B s B0 AR R T o e o 1
PR AT AMEARRI T AL ; H R - DR R, 3%
) PR AR, FEASER TR £, B AU AR B T e
TR IESE R B B i AR S E S WIE ORI 23ty it —
$E e B AR N AR

TEA BRSO R T, LA S A AR IR A, 2B Ptk fb
S A 2 B 40 6 G AR A A A A TR BT T B T B4R 3
NEHL] , FoHr HIF-1o S —Fh B BAE A A T ek 1 st A
F A4S HIF-1a 1 HIF-18 PIAMESEE , A AEIE il — R IK S
KAV, RIS SN $E L PN S 31 iR 4R 8 e
(HREs) , i SCHESL PR Fah = ™), s MISE ST 5056 e 9, Bk
LR 3 B 2 2R A Bl AR 258 B HIF-1oc 195100 5 3805 , 74
2 HE A T LRI P00 Y 10 5 I 2 2 i SR, ot
FRHEFER R BB B TA TR

HIF-1o IR IE W & B R e R B 5 i AR, IT4ETT
JEI) Cre—loxP $5 A M 12 2H 2V R5 57 P HB PR B HIF-1o 54, 7
TE T EAGAFTG o SE9IESE IR R AR AR o B, A Rl
CERNE] HIF-1o £E7E, Bt milR HIF-1o 55 A KAR
FRU B AR A B AR A Kefsi s /N AR AR e $0
i PBE T, 28 KoM FPors (0 400 B 40 it B0 K R E T2, 4R HITF-
Lo 7B AT REJE O AN S50 L G2 M | 2 2347306 A A= ) BB 22
W, R, % HIF-1a K32 HR P A4 H 938 K 5 808

JEF IR R BT S T R
Asgud | K FE] HIF-1a mRNA 7E E13.5 B 28 & %
ik, E14.5 B R iA R, E15.5 FFGE M, BEsic 3R oc 7
E14.5 % E17.5 WA KE R 0C Kk, #RPI9E Lt o
T, R BT 2 S S AU A Y] e ORI L B E SR A
ANAIESE . AR, RS MLAER AT Sl N R R
1, A HIF-1o 2 AR IS A0H B 30 TR bt Uk
W2 450 vho O FT REAETE B AEERIRE , (RSAFT S B2 AN
M HIF-1o R34 2 O HIF-1o 25 (119 B AL ST 211 mR-
NA BB, LAE— 25 @b B H B e 5, R, B4
HAANMIH HIF-1o mRNA (AL HIF-1o 25 11 325K 1
Jm %) B R AR e SR P SRR 1Y ) TR B A
R AU AIEFE, ARG IS, P2 A R SURECIR
A, 5% HIF-la mRNA 88 08 MO AR PR3 I,
AR TENE A A A PR Y LT Ui IR 1 R Tk IR U
NEPEHL S S MR AR T U I, OB NS R
RN, BEA B AL HEAT , AR ALY 22 | BhEUIRSAS B,
HIF-Toc 23K [ R 2 IEH AUIRKF-RIL . SR IFIE N VEGE
ZERL IR A 28 ¢ R TR 2 — 2 5L 8GR T, Cramer 257
FERIM, AR MM AEAR A S T @i HIF-1a Ak
VEGF, HIF-lo 2B HRAEACEAME T 3R 1K VEGE AU 2T
FAF TERE KT A BT IR AR A 6] HIF-1a 3
ikSE AR TR SARCE RIS VEGF, X HCE tL e
ARE AN T R MU R A SRR YA AR A5 e IR 4RI
R HIF-1o IR VREE BALH] A THEARIT
S &k
[1] Kronenberg HM. Developmental regulation of the growth plate. Na-
ture ,2003,423(6937) . 332-336.
(2] ‘REWSE FRHE. & KL E H RN S AR A 5 R T-1 3R
FIEHL [RISEE: B RLE400E, 2005, 26 4) :237-239.
[3] ZRRhIE, XBHESR. RS2 T 1o 72/ AR L B IR &
HE L R 2445 ,2006,86(23) : 1638-1643.
[4] Karsenty G,Wagner EF. Reaching a genetic and molecular under-
standing of skeletal development. Dev Cell,2002,2(4) : 389-406.
[5] Bruick RK. Oxygen sensing in the hypoxic response pathway:regula-
tion of the hypoxia-inducible transcription factor. Gene Dev,2003,
17(21):2614-2623.
(6] SRR, & 1, 25, 55, FHE0 B i LS i A T 3 IR s
Al F-1a mRNA FRIXFNMIK RS S A2, = 843 ,2007,20
(5): 298-301.
[7] Cramer T,Schipani E,Johnson RS,et al. Expression of VEGF
isoforms by epiphyseal chondrocytes during low-oxygen tension is
HIF-1 alpha dependent. Osteoarthritis Cartilage,2004,12 (6 ).
433-439.

(Wockis H391:2009-03-31 A STkt . RAE)



