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[ Abstract] Objective  To investigate the effects of hypoxia-inducible factor la ( HIF-la) on the multipotential
differentiation of bone marrow stromal stem cells (MSCs) in the hypoxia pathway. Methods Conditional gene knockout of
VHL gene of MSCs from transgenic mice was performed with Ad-Cre ( gene knockout group), and control group was
established ( MSCs from transgenic mice infected with Ad-GPF). The expression of HIF-lg¢ mRNA was detected by Real-
Time PCR. Chondrogenic culture and osteogenic culture of MSCs were conducted for 14 d in two groups, and osteogenic
culture of MSCs was conducted for 21 d in two groups, with culture of MSCs under 5% O,in gene knockout group and
culture of MSCs under 20% O,in control group. The expression of chondrocyte marker of type Il collagen (ColIl ), adipocyte
marker of peroxisome proliferator-activated receptors gamma ( PPARy) and osteoblast markers of osteocalcin ( OC) and
alkaline phosphatase (ALP) mRNA was detected by Real-Time PCR. The distributions of positive cells with ColIl staining
and ALP staining were observed by light microscopy in two groups. Results The expression of HIF-la mRNA in gene
knockout group was significantly higher than that in control group (P <0.05). The expression of Colll, PPARy, OC and
ALP mRNA in gene knockout group cultured under 5% O,was significantly higher than that in control group cultured under
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20% 0,(P <0.05). Compared with control group, the numbers of positive cells with Col II staining and ALP staining

were larger.
under 5% O,.

Conclusion HIF-la can promote the differentiation of MSCs into chondrocytes, adipocytes and osteoblasts

[ Key words] hypoxia-inducible factor 1a; bone marrow stromal stem cells; gene knockout; differentiation

Bk, BB EAKEREARPREL
TRERS , HEREL R 4% ~7% , FHEATLE T
#f 1 (bone marrow stromal stem cells, MSCs) { #j &b
TEBAET ;B REERTE MSCs MAK AT
ARTFEFERZNEM. KAEFET la (hypoxia-
inducible factor-la, HIF-1a) 24 K E 18 BRI O
HF EREAH T, B VHLEREAMSHEZE Rk
BB/ HIF-lo # ABA S HIF-18 ERF R
3+ 5 DNA R RER N TTHS &, B3 T KA
MAXEENRRX, ATHARARERKEZTUENK
amerE,

AT A AR RE R A Ad-Cre BB HEH R
MSCs #9 VHL ZEPH , WA IR SEE B8 HIF-1a i RAXT
MSCs [ %5 4 Hfd I iy 48 R A0 & 40 A AL O M

1 #P5FH%

1.1 #H

1.1.1 ZE3HY 3 ~4 A VAL ZEEFIER
(VHL"™™®) = Z FVB/N KR E 20 ~25 g, R
PR, B 2 E Alabama K5 Clemens TL F(R E 1 ;319
8 B 7 TiE 5 7% : SYXK (&) 2010 - 0020,

1.1.2 FEREFAMLEE MSCs EFHE: A 20%
BAELE(MMEOEFEAYIBARAA)W
DMEM-LG ( Gibco) + MCDB-201 ( Sigma ) ¥% 3 &
(DMEM-LG 5 MCDB-201 # 4B H 3:2 B #l) . &R
KB oA IR 2 R AL 3 57 5 R RIS o AL 1
Fr# A B # (Cyagen) ;0. 25% B3 5 B8 ( Gibeo) , iR
Wi Bk (Ad-Cre ,Ad-GFP) ( BioLabs) ; 2 # 1 |
4 ( Promega) ; TRIzol if, 57| (Invitrogen) ; % F§ Primer
Premier 6.0 3{4i%31 PCR 5%, 3 B Invitrogen /A &)
BB ZREFBEMELE B (Sigma) ; YRS
B3 (RN LEAYAFE), 3110 BEEIESF
A0 BNA-311 & CO, 355548 (Thermo) ; RG-3000 &Y
EE PCR §"1{¥ ( Corbett Research) ; Allegra 64R &
¥ % B0 HL (Beckman Couter) ,

1.2 MSCs W4 B3% 5 . VHL ERFAHRR R EE

1.2.1 MSCs KIrBS3ESF REANH T, B/ARE

BREMBRE, Al oL BSSRBEFREHEL B
BE, R R ESE, B ZEEN 10 cm HEEFL
HLINAZ) 10 mL #) MSCs 3557 2,48 h FHERE
MR 4 RE B, PBS vk 1 ~2 K, REW . 741
K 90% )5, 0.25% BRE HEEE AL , 1% 1:3 AR08
F,ERE 2 REBEHEFIEELRY

1.2.2 VHL EEFZHHEREREMEXER OXR
RIBR 44 5 MSCs(5 x 10° A~/ em” ) T 6 FLAR
LRI RL 1k 90% B, IR SR, PBS vhik 2 ~
3W,FILFMA 200 pL PBS, LIfIA 1 pL Ad-Cre
(G E % =100) iy MSCs fE R ZEERER4, LIMA
1 pL Ad-GFP(ER B E % =100) i) MSCs fE A X B4,
HIMET COBERMAYP, T 37 C5%CO,£ZH T
#F,BR IS nn BRER LK, ERESHRAESE
fil,1 h JFEFLINA MSCs 35522 mL, B CO, K5
kSIS, @HIF-la mRNA R AR il : Ad-Cre F1
Ad-GFP &4t MSCs 48 h J5 , TRIzol i 7] & f# MSCs 3f
EBUE RNA, R # & R cDNA,Real-Time PCR &l
HIF-la mRNA &3k, PCRE|¥FHIRE 1,

1.3 VHL ERHfBg MSCs K% 401k XA <8
1.3.1 MSCs KRk HEEBMBRAMX RA
MSCs B/ T 6 LR (5 x10°/em™) . REKBHESR
i, LN 1 mL R B ML REY  RIEHES
B, 7 MSCs B8 E 100% , BILINA 2 mL RARHG 43
WEFEABRIJIEFEZLW AR, MA BRLER
24 h, 33 NMEF; REFERN, BILMA 2 oL BF
AR E B FAYT, EE MR MSCs £ 5%
0,(RE) XM T35, WA MSCs 7£ 20% 0, & 1F
THiF.

1.3.2 Real-Time PCR & # 4% T B85 LK
FESALERE WA RBESSLERE
21 d, B 6 FLARIEE 40, TRIzol 5| $2 BUE RNA,
Fi 2 pg RNA 7 )% ¥ 3, Real-Time PCR £l 3% & 40
fatr s 11 BB IR (collagen I, ColII ) i F 40 g A
S E Ak Y B A 3 58 W) WIE Z 4K v (peroxisome
proliferator-activated receptors gamma, PPARy) R &
4R Hatn 59 B 45 K (osteocalein, OC) 7158 14 8% BR B
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(alkaline phosphatase, ALP) ) mRNA ik, PCR 3|
MFFIEL,

&1 ER RT-PCR3IMWFFI
Tab1 Primer sequences for quantitative RT-PCR

= 3l (5°>3) P41 B /bp

B-actin  CATGTACGTTGCTATCCAGGC( k%) 250
CTGCTTAATGTCACGCAGGAT( F i)

HIFle GGTATTATTCAGCAGCGAC( L) 284
GAGGGAAACATTACATCA( T#)

Col T GCTTAGGGCAGAGAGAGAAGG( F#) 476
AGTGGACAGTAGACGGAGGAAA( TI)

PPARy TCGGCTGATGCACTGGCTATG( F i) 103
GAGAGGTCCACAGAGCTGATT( F i)

oc AGCCTGGCTGCGCTCTGTCTCT( F#) 160
AGGTAGCGCCGGAGTCTGTTICAC( F i)

ALP GGTAGATTACGCTCACAACAA( F¥#) 164

AGGCATACGCCATCACAT( %)
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BEFRER 14 4,42 ZRPEEE,3%H,0,£5
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ERERBRUTFRE L,

251 ° 251 @
= e
EI 20k | ® 2.0
Z 15t = 15F
< <
Z 1o 5 10
G =
Z 05F “2’ 0.5 F
3 3

AR AR AERAL

AR FEHRRA

OC mRNA H#] ikt

2 5 R
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HEEX(P<0.05)(H1),

451

- ©
w40 F
i) T
o35
=
= ER N
& 3.0
= 25 -
<
Z 20+
5
Z 15 F
210k =
T 05k

(1]

pagiiicl FEFEBERRA

©P<0.05 SXfMAALE.
E1 RT-PCR &3 VHL EEEEE HIF-lo mRNA iR &

Fig 1 Expression of HIF-1o mRNA after VHL gene knockout detec-

ted by RT-PCR
2.2 Colll \PPARy.OC.ALP mRNA #ik

BEKBMBERBHERSMLERE 14 d, 2
B4 Col I ,PPARy mRNA XXM B ZEFH TXHE4A
(P<0.05) ; RBHERHMERE 21 d, ZEEMBRA
OC.ALP mRNA EXHEZEF B4 (P <0.05)
(E2),
2.3 HLAEUR

Col I ¥ BUBENEESR: REKEBEF S
¥EFE 14 d, 50 EA LK, EEBBRA Col I
EHEARBERZARERE(E3), ALP 3
NEEHERRES - REBFHUERE214, 5
PR B, R AR 4L ALP R HEE 4B E K
ZHREHRE(E4),

30 30
25 @ ® 25 F
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Fig 2

Expression of Colll , PPARy, OC and ALP mRNA of MSCs in two groups



* 916 - FEXEBREZFR(EER) Vol.31

A XA, B.ZERBKRA.
3 AECIlILEMAEABAHFRL x100
Fig3 Distributions of positive cells with Col I staining in two groups x100

A XA, B.ZERBKRA.
B4 WHALP LEEEARSHBRERL x50
Fig 4 Distributions of positive cells with ALP staining in two groups x50
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HIF-1 G5 LA, 4534 HIF-1a 1 HIF-1B, 3
HHIF-la RERKBHETE, CTHRE S, 24 S
RER MM LE T HIF-1g AREREXE T, LT
HEET ARERERT, EFEKXMH T, HIF-1la
TEEHEBRZAERAZES VAILEOE AR
VBC EEY ., ZESYWBELZ R ERER. &
WE RN (2% ~5% 0,), HERZALBZIM
#"  HIF-1o WAERE AR, 33 HIF-1o T 27 40
i KERE, HIF-lo TEZAHABRBENS
HIF-18 WEZ &, A7 8,35 DNA K
SR BT 5°-RCGTG3" FFA 4 & e T
FRREMEXERER, ILERNEEKEF
(vascular endothelial growth factor, VEGF ) FI B EE i A1
XERED .4 E R E IR,

MSCs ARBETHREHARN —KRFTARE
HRZEMMLENN TR EERELRY. B
KA RE RE B HESE. BHEEREAE

KEBPATHRERS, HEREAR 4% ~T% , K
BHREKRENEREN 7% —EEREKRIIREN 1% £
A AR AR ETE MSCs B ML B
BEEENEM. ERMMHOFE" PHRHA,
A& VHL ZEENZER DR, E4KZE
%6 A, MicroC(T AR E TR BHEZTEBETHR
B, ARRMNEFKSIRABERES ZNEEBR
FORRBR MSCs [y VHL E R , 3% HIF 4+ KA
ERERS5T MSCs REA L. B HEEERK
R ARKEEHEETNASHESHESR(E
BAL)BER, REEKBWRILE £ Z N5 &R
TEHEMET RO EMAELE, RIFEEMLINGE, Bk
BRITEHEWT TRE(5%0,) BES 5T MSCs B
i A

AP ER /MR, B MSCs, Fi#57 Cre
R R SRR IMERIE R 25 2 AR MSCs,
AP R VHL EFEM B, BT VAL ZEFEELE
EBRBENTF HIF-la TREER,Y VHL ZEBE R
BZiE, HEREMK HIF-la TEERERS>, BT
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HIF-l EHFERENK G TEFEA AR EH
5% 0,18 g 4k #F HIF-1a RiXFH RIEEAR RS, U
B HIF-la £ MSCs b3 BHER . ABIRS
RER:5% 0, &M THEEBBRAENKEHIELT
R R, KB AR EY Col I mRNA A H
BETF20% O, KM THEFMMELA,Col I A
FEREERBIELT ERS R #7 VAL BEE &
BRJG ,MSCs B3k ik HIF-1a, B F T MSCs [ 35K &F I
e, AELB b ,5% 0, &4 FTHERBB A
FE T g s 40 B 4 Ak i 5 BB R, 8 7 40 B B0 A R A S
¥ PPARy mRNA RZEHEH T 20% 0, KX HTHEFH
BR o R 4 s ECL 1R T B SRR O T 48 M AR K P
BIK BN # R, SRENAAEHRARESR
®M . ARRERET 5% O, XA THEREBKER
HEMRE @RS I RS, B4R HNG
HirEY ALP #1 OC i mRNA RAWHEF T 20%
O, M THEEFIX A, ALP REALERWIEELT |
RER RFATES% 0, %4 T,HF-la BFRE#H#
MSCs [ R & g Lra e o

SRR, 5% 0, %4 T ,HIF-la BAR#
MSCs [5 %K B 48 2 . s s 40 BE F0 AR B 48 B 40 4k B9 1
Ao RATMEEREZRMER b, #—FHTRAEMRK
H&HT HIF-la A F2RKEE B X MSCs £ 19434k
BB iR & AR R AL
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