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B E: AR TR (mesenchymal stem cell, MSC), & & F T ¥ A= E6) LA A R LG Fe S G oLt T
mpe, etk PO T AR R BR IR VLB AR LA RS o T 3R R A9 itk Al, MSC AR AL B4
EXr@mAA 26y R w. MSC AT 3 B 2R AR A R MIRE T, Tafid gL T—/ Nk
FHRFE R, B ETIMKE 7.2 mmHg. B8 MSC 2 b6 MR 69 T 209 LR AR5, B T8 BEER AL
ET—MBWRILP. THMSC EHBRET e, st THRR IR, BAREFFIIEGLR L LIEA
REAFTE0EL. BLRAMRGE 5555 MSC 2 oot A ey 42, B AT MSC A AR S T 49 g A %,
BB RAEA £, XEFRERGZFTHZ G T MSC 6957 A AR F 3034 R F AT 5] A2,

KR B R AR T wmhe; 540
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Effects of Hypoxia on the Differentiation
of Mesenchymal Stem Cells

JIANG Chen, XIANG Juan-juan’

(Cancer Research Institute, Ceniral South University, Changsha 410078, Hunan, China)

Abstract: Mesenchymal stem cells (MSCs) are multipotent stem cells derived from mesoderm, which are able
to self-renew and differentiate into osteocyte, chondrocyte, adipocyte, myocyte and tendon in vitro and in vivo.
Because of their potential to differentiate into other types of cells, MSCs are expected to be widely applied in
tissue engineering and regenerative medicine. MSCs reside in specialized regulatory microenvironment
named “niche”. MSC niche is in hypoxic condition where the oxygen pressure is as low as 7.2 mmHg.
Meanwhile, MSCs are the major cellular component of tumor microenvironment. Hypoxia within the tumor
microenvironment is now widely recognized as a major factor that influences the progression of cancer. Un-
derstanding the behavior of MSCs under hypoxic conditions will not only help elucidate the molecular mech-
anisms of cancer progression, but also advance MSCs toward tissue engineering, regenerative medicine. Hy-
poxia associated signaling pathways are involved in the process of the oriented differentiation of MSCs. It is
surprising to find the conflicting literatures on roles of hypoxia on the osteogenic and adipogenic differentia-
tion of MSCs, these conflicting results may be attributable to the heterogeneity of MSCs and different experi-
mental procedures between labs.
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R4 A B IAECE SRR — T (R 2N B =
JE A SR L 1 — Rl BRIV S48 A<
B BRI 25 412, Sl AL 45 AL 85 B, RO
FE, 15BN 4 LU A BRSSO BE A A,
AR KZI N 160 mmHg, 38 53 i 0 ik A fii
k)G, KA R 104 mmHg. 7645 221
(A B 400 RS AN (14.4~64.8 mmHg)!,
PRI 27 3 DA A 3 A A A0k B DX o S B Ay
CHE TR TESESELH LY, AN R . SRR
BT ERERE SRS IR TS 2 7.2 mmHg (1%), #&
Z IR, SRR 2= RE Y — BRI T TE
PR 7 A R AR S 5. A i A B
USRI, 20 L OE — R A B DGR %, EA
“HIEREE”, AR B AREE R M R IRAE I A4
AR TR A Hh K HCRE S 7 Ay 38 3 W T AR L ATTP.
AR LS . S AE RN IIEE 1) B R VAR
ORI AR PR BT SRR 1 & A R TR L e e 4
MIXS T . AT BT 2 A R B R L. B
IR AR R R AT 2 E. R, 1E
Ay b JRE AP 5 1) R A0 R 43 MISC. 5 Bl BRI 2%
FRICHZHe D 15 1M T2 M A MSCRE 5 T b 191
T ARG T2, LA KA 28 7T 4 B 58 BT b 1
BT i, 6B AR AR T A T A R
T HA B R EH A 2 0 g e SRS
X AN T4 B S 1T LA S T A T PR 434k
RE S iR B MR, SCRE T
T 40 BRI AN TR] A 43 L DA TE I RE 5 1 il 4
Wt B3 FEASCH, AT LRI AR I E S
e Sl LA R BEN T MSC A 1] 4L RE 1 B 5
.

1 BREW KB

1.1 HIF dependent &%

LA 20 R o7 %o i AR 0 B 2 SR AR S i
B, Hrp 4 E ST (hypoxia-inducible factor,
HIF) /SR8 R i), W R RIRA
(90 3 . HIF & — o F1 B A 2H L)
TRIKEEY), R MG SRR, B ok
WGV Z L. o o R AL HE HIF-1a,
HIF-2a #1 HIF-3a; 8 V.0 £ 55 HIF-18 Al HIF-
2B. o WHA IR 2 A 0REE, 1T B AN Z 4R
WS R RS GE. X HIF-1a F1 HIF-2a OB
5T N Z]. HIF-1a 7645 R AL SR A R0k,
11 HIF-200 (AE B /INERILAST P B2 0006 . T RL LA

T 5 XA R A S5/ DRI S A At M 33K, HIF o
U 5 H AR AR B Y R A R (oxygen-dependent
degradation domain, ODDD) ¥ fifi Z Bt F2 AL R A
A I 8 I, I 2 AL (prolyl hydrox-
ylase domain proteins, PHDs) X} HIFa #4722
Ak, FRALE 0 HIFa 8517 2 %48 VHL(von hip-
pel-lindau) &S KHEE, ¥ HZ R4k, H#EAEN
B P A% . B4 T PHDs 235, HIFa (72 E1k
MR Z k., R HIFa 15 L B 0E A 41 i
¥k, 5 HIFB T i, 3R 1K, 45676 DNA fBLAE
W IEH (hypoxia responsive element, HRE, 2L
JF 4 ACGTG) B, J& 8 T i 5L K i 4% 5. &2 HIF
PR B KA VEGF (EPO .OCT4 MMPs \NOS .
WA A DG LRI S5 ML AN ol 28 1 248 L RV Ji
T-4ifrh, HIF-1a G855 B-catenin /I IF T 4 B-
catenin B, MIIHIH] wnt {5538 12

1.2 HIF independent & 2%

R 1 HIF 3 g 22 Ah, SRS T A Hol )
{550 FEAEROE, FLAn P BT I 1 380 S RS 1
iE \NF-xB i# #% .mTOR 3 #% 1 ROS HHGiH i 45
1.2.1 AR R

DA BT I 2 3 A P FR B 2355 28 115 ORI 2 L 4T
LW, YR IES T & R A PR IA,
B 4 B B T A B = RE R B S e
I B YL A N S I ) R B, R AT S B TR R
#r& & E R Z I, K478 & 19 S (unfolded
protein response, UPR)BIEIE, 51Kk — R8T ilER
IO AR E 2 11 J5 J5 2t 5 S B4 M SE T2, UPR A3
BT 5350 R 3 A PR BT 0 5 T sz A A
S, IRE1.ATF6 1 PERK 2. i % 1% ~ GRP78
L5416 IRELLATF6 Fl PERK b AR 11 HA#0E; 5%
MERASEE LN BN RN E T, K&
EOB R, 33 GRP78 B IREL.ATF6 Al
PERK, ff HAE G . BERUG I IREL R AESER A
A SRRk, f XBP1 i&{k, #IE R 115 S 5L H
IR, X SERE N 32 SR 2R 1 B 28 AN B 1 o %
fed FLrp R HEME . ATF6 M5 GRP78 454 R 2
TR R Z G, T i IR B e A S A S
I AN R, 7550 307 S A N 5
JCHF R B R KA. Z AR W A A 4G CHOP,
XBP1 %. PERK # GRP78 %Jil /5, PERK — %1k
It A 5 8R4k LL1S B30E . B0E 19 PERK
elF2a Wl R A0 A LT, S SEONE AR 1l 411
il (HARVF 5 NI A A A (internal riboso-
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mal entry sites, IRES) A mRNA 411 CHOP f &Hi%E.
TESS e A0 M b, e S 3 PN BT 13 38 (endoplas-
mic reticulum stress, ER stress)fﬁ B-catenin ZEF5 A
FaE, FFAMh] Wt #9235 F0 70 W5, ATl Wit
ﬁ%[gl‘
122 RAHMEHTEE

BBV 2 A R A U AR g
HRHAM O, IR S, Ol RS
U 18 LR ISR, 75 7 00 T 1 B 5 A B 4
Wiz, LA A5 B HETCY IR, A
300 Z A& FiEiE g AR, EATERE R i
I RS AE T AN ARTE]. B DA 1988 AEE—
AN BRI S R T R R I R, R A
FERIIAF B T lE T, 003 & A AR R X
SRR B Tl AE L X L AR R S T 3B (oxygen
sensitive ion channels) 7E5G 10 &ML AR BE T
OB I M A AR AR A, RSB PR T Hog
R AL, — S AR B ET, ST RE
T Hr ARG A FREE AR 2L B I 8] AT REAR A,
P G Ry Pk ol s o mT BEARAG, HE A g M i A S
FEAE R 2R BE. PRGOS 20 MR 5% 5 £ L
T R AR PR I DR R DG B 2 T AN R Lo JIE Y 3t
A XL R TR B AT T B 30 T A
R, LSO )R R TS DL T, UG
THHE AR R R AR, LATE S 5 AR i RE,
FLG AR W5 M S, A T AN A A,
1.2.3 NF-«kB fZ5 8%

¥:HF kB (nuclear factor-kappa B pathway,
NF-«B){5 5 i PR AE S8 ARAE A TR G HE R A %
R A EE AR B E LT kB
5 M2 NI B A NF-kB SR RS & LA L3
P, AR B A C AR 32 A S 3 HE IKK 25
(f14E IKK1a . IKKB F1 NEMO), IKK % & ¥ )& 1kB
(G, K 1B BERR LS, 1xB BEFEA#, NF-«B 3E
AR, P ARG B () 3K . NF-«B 7544 Al
PRGN RER e SEB0HE , 18 3% P Bl Bk S T I 42 7D
or0e IKK 2 8Y). A8 S, BREEiah s
FEIKKB #75". IKKa F1 IKKB #B &4 5 HIF—
FHYBERLE PHD FRALRYZE M, BAETH PHD 298,
IKKB I VE R B 2Bk, 5 RE g A sm Z TG 1L 1
HIF 38 5% AN [, B NF-kB 38 4 A 3805 R 4
A, FEIRE R THORKIPER. Ak, NF-«B
A HIF 18 B A 3 — € B9 S AR B2 0. NF-«B
AMAREE IS R ek B HIF-1o, T H2 HIF-la

FEA TR By Je itk 6 1F2 HIF-1o0 WY 5 31 F0 785 7
IR NS AL NF-kB (2 M5 07 5, Brdkix
BUF I B A S HIF-1a Y FRA 38 S L4
TR, BT HIEdE 2 W, HIF 70 b Pk 0 it fiE
Wi F IR p65 Fl IKKa S5 NF-«B 18 &1,
1.2.4 mTOR &%

YA A AR S AR E SRR . AR A
AR IR A BB, Pl Ein e K&
(mammalian target of rapamycin, mTOR) {553 %
3 3 R 2 M SRR T A A A, T R
GTZ2FERKGSUERMBAER, B 2
2, DL R 4 S A K A A R i s R e,
mTOR ¥ 152 2 g N 2 5L R /K F- 1R 5. AMPK
PI3K {5 538 B 1 TSC1/TSC2 & &Y% mTOR
INUAVEEE. 2488 A BB, TSC/TSC2 A
X} Rheb WAMHIf#EE, MII#E mTOR; A A
TH 5 RS A5 5 A48 & TSC2; R fit
NS AR ZS E I AMPK %356 2 TSC2. Pl mTOR
S HC BB B A D e R 2 A K, mTORC
1 mTORC2. mTORC1 52 ft. S60 1 i #1 4E-BP,
AT T Sl S 308 S 0 U AZRR A A SRR A4 3 R %
A B 1 B B4R mTOR & A il 4
FH, SR T AT 0 M AR mTOR AR WU
I3 F 4E-BP1 .p70° 1pS6, FHAZ S 1K T 4G 1Y%
WEERAL. I HIVE A s 2L REDD 1R
P mTOR 1) TSC1-TSC2 Hy 7K1 1 14 3] A0,
M HAEH T Akt/PKB . AMP 35 14 B9 85 11 384 it e
W21k, ATP 7KDL Bz HIF-1 F5E0S. 145, mTOR
P 2 2R Re R B A T HIF AR SR
i REIN (%% S, $78 mTOR FEBIAA S RS2 HIF
()_L IS R
125 ROS

15 P 48 25 (reactive oxygen species, ROS) /& 11
TR, AR E T R AE
HLAE, ENT&A AR A H T, FmEA
ARTR AL 225 P, ROS AR iE B R a4,
TEAMEAE St PR ERKME. 7E—2SME
FIARIM AN EE AR TR, ROS 232 i1 n, 15 1 4
Mg 05 ROS FEAEL bR I 15 R &
7/ D || O e S &=+ 4 2 (1R R LN TN
B2, AN ROS (42 520 ROS B 541 i
PRI, F 53 00/ AR 40 6 358 5 T =8 [ 00 S5 o
Bl B3 TG is RG> 2. [AlIRE SCik s i =
ROS #1475 DNA, %A FIE 5 IR F 2 SR, fiff
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FEEEE G TG 2 S ROS K AU RE4EF; HIF-1a
FFasE 27, 5 mTOR 2841, HIF 1 ROS [FRl#f: /&
FHE AL R,

2 BREMF MSC 9 1Lay5 0

T A e — R R AT A I T 2 ) AT
RE Y 20 M, 7E LA 1 %% 2H 2L b 4 47 2H 2URR S
MSC 2K 8 T IR 2 B BA Z 1 sk g iy T
M, B FTE 1966 FE#E Friedenstein 5 & B4
RS AT CEE 22 R A B SR ZH
BhorE ik, BA MR e e U
JULA A RE 0™, H TR R S A T R, MSC 7R
AU S AR B 5 T HAT Tz RIS

Z ISR B, MSC 7E B B i RE = rh O)
FeZ ) L e, MSC )T 144> F Oct4 \Nanog .
ZFPA2 SEAERAEFREE T RIA TR, H ok
S SR TS PR L MG R, SR H R SCHRZE R, 3K
A& BBk T MSC 2 10] 434 RE 7 YA 52 45
A AHALR. BRAEAE BB ER ST /Y MSC 444>
J5 1) B AR RE AR o AR IRAS T TR 22531
2.1 #RE5 MSC W BES L

RE Wi HEAR RE A, T FLAE TR 5
BRI 55 2R SR A5 R i A QA1 v %
TR BT, PR CUESE @R A8 i
JETORU S REREAE | T BURE R = iiAs S s A O
LA BRI LA R L R 98 S5 0 4 2B 4 DR 5G9,
J 10 240 B A T H TR S . MSC J3 Ak i 4
NI W5 20, Ik — 2523 A AR 7 40 1 AT g
JERE AN R A 2 —. TG MSC S 2 fh i %
MIOCHEDR T 3, 2Bl Ak P A 5E )
g SR v (peroxisome proliferation-activated re-
ceptor y, PPAR-y), CCAAT-1 5 1 2% & & M
(CCAAT-enhancer-binding protein, C/EBP), [] /51
WILHEE A (sterol regulatory-element binding
protein, SREBP) P B £ 9 F 44 LPL.
a2Col6, MIIFRE 7> TAUHE aP2 . JEHER A b
P MSC IR 73 32 283 3 75 55 55 5L v s b
FEARME . B R 35 T k-1 SR 0 (3
isobutyl-1-methyl-xanthine, IBMX), 5| 3¢ =45 [A]
TSP,

Zhou 55 & LB BE 1) AN/ BB MSC
8 g 23 A, i S b A ] AR 2 i TGF-B/
Smad3 {5518 J& SZ PP, Fehrer 1 Holzwarth &P %
BB MSC BUIE AR, (HE LI 45 1A

W B, AT RE 5 2 LA A AR IS A DGR
Grayson 5 Mylotte [ 3L F15 MHI R B | il 4065 K
SLAT N0 15 B8 MSC 1Y %I fiE 1 3F TS 52 i,
Grayson [A] B & BLEL AT Octd Fl Hif-2a 3235 FF
5. Valorani 7 2010 A1 2012 4058 &
A3 5138 /N BRSSO IR 5 Sk PR MSC 2%
0, WEEAL B 5R 10 £ 7 d 2 )5 PR B A ff
MR F5 2, Bl e b — H A A rh G %
F14) 200 LA RS R 1 i ke S A B 1 /)N BRUB 7 R DR
MSC .Sca-1 FH: I Sca-1/CD44 X BH P4 40 its i %%
HHEN. Ren"4E 125, 8% 0, FINIRIAE S 153
FERF, ZNEUEBERIR MSC HHIE B BE R 2 H /&
WAEN R 5~6 52 £, ERIRIESFIGET,
WS TR R AR, PPAR-y2 FIXTH. Grayson
N BERIE MSC 7E 2% 0, ¥R55 T 3R % 3D &
28 F 30 d J5, AR PR IC /3 LPL Rk Tl
2004 4, Fink 7EiX50H B 1% O, Zb 3K 4 Ak
8% MSC  (hMSC-TERT) 24 h ZJ5, W& g
o & IA g B, — B RIABE 72 h, IR
B HABAERS K, M 2% O, (RPIRE T MSC %A IR
i B YE— 0 RT-PCR FBH I T 1R £ )5
i 40 45 5 4> 7, & Bl PPAR-y2 A1 ADDI/
SREBP1c i P~ B g S8 R 455 70 TR I A Rk
AT G bR AR 23 F LPL A AR A5 43
aP2 WA LA RZ A B E 7 4 A e S ik R 98
R Adipophilin [ 25 tH X ke 4 &b P 22 TG K
A PPAR-y W53 BN A A OCHE Rl (PGAR) 7E B4R
TAFEE ERIA. Fink HEW, RAESET BB T AR
T RRLR, (HJ& MSC I3 &A= B IE M IR i 4
b, BT MSC H g R B2 i PPAR-y JE
WA AR . VEB 0T84 i B A vk
FEAEAT: LU 35 IR PR A RO BE IR AR, 42252 M 2
YL 4 241 ] T A R B X —FE s LU A AR R
BB L 2 A A R SR A

% H F B AT MSC G 0k B BF 58 45
Rz, BATNN, TEHESAE T 1 MSC #%,
842 B 2 4505 Sl Bk 0 B e R s o 2/
A —20 HIF-1a JIr#E I, BT HIF-1a 7E4H
LR, HIF-1a i@ 9] PPAR-y2 F1 C/EBPa 3k
P R ) R, i AU R L 3G 0B 1k
Smad2/3 TG TGF-B/Smad3 15538 %, M i
il g, Ak, 35S MSC UG 4 fhad A& v iy F 2
(5 2, SRl 3 Akt-TSC2-mTORC1 38 % i85
G A el SRR BAT mTOR (41 il o 7T B
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S0 MSC 1SR 7346, Ak, 25T Wt i8 #% 401]
MSC B/ k, fiE HE MSC BB 43, T k48 L
REA i 1 Hif A1 ER stress 1 Wnt 3 %, $275
TS RB AR wnt 8 X MSC RUAE AR R B T
TAGEREW], FEEESRAES HIF-1 5 HIG2 (k
AIBSEN WA T4E, B HIG2 iRk,
1 HIG2 A B 3 — A~ AT LLBE Wnt 3 5 (149 g 2
5 D B 7 N = = (S 1 1 3
I . Ab3R A 22 B S B R S B AN
. SRS MSC TEB A AR E E W SR 73 A6 1
22 #HES5 MSCHBESH
MSC BB ) 44k e T3 6 T4 MSC i#E4 7
B LGUE I WG R A B 5 . AR E
XA EEL ) A LR X MSC B RCE el
SRR, SO BE Ry a i B B AR R R A
FIHL, FEFI ] MSC B S B 4H 20X — 5 ) 5505 B
KRITETT . E oAb B B % 5 K F- 72 Runt-4H
FeFE Sk F 2 (Runt-related transcription factor-2,
Runx2), P HIAR & Runx2 B 1 6 2 16 | ) 26
F1 1-al TGFB1 VB KiZE & 1 BMP-2; B HIFRE )
TAEREN CEPE DS J5 S MSC ) Bl
S T BT BOR R R I TP A VAR A 2
KA B- TR BERR AN HUIR MR, Potier 7E 48 hi)
B AL IR Z )5 A B 3D H 4R R N EBE MSC Y
B FRICS T cbfa-1/Runx2 . ‘B85 E A M T AR
JAE S A R AR RESE T RS, D Ippolito i
3% O, FFLAb P-4 MSC, & BB T 45 25
. B R R BEAE 11 . Runx? \Osterix 158 12
PSR T PR, Chung 7E RG22k J5 Fn
HHERIEM MSC PY, Meceron 7E AR MSCH?
RIS R T 2RZE R . Yang IIAFST R B, HIF-1a
7S TWIST #9335, TWIST il i 454 %) T #
Runx2 B3I T E-box _EMm#IH T % Runx2 A9
2%k, BMP2 ., 11 7 Runx2 t.8% 55— A5, SR 1
Huang HIHEW T % B 58 MSC B4 12 h J5 s ik
FR IS . 1 /10 B JRE AT ebfa-1/Runx2 1 #3K#R
B, (HE AR HIF-1e J5, Runx2 075 51 5 35
5154, BRI A HAh Bl AR DG % 19 7 . Hung
Baciano 435I 1% 5% 0, 4 HEA 1546 MSC3
4 iz, RAEAEBAAE SE L 24 MSC RUIE 7
] BT A, {HRTE BUE 1] ) SE e 45 R |
TCI B AR o3 I R AT S8 bR Atk
TR TS Ik PN 235 1 G 55, TN 1) 435 SR AT S A

ST MSC BE 43 Ae A R 2E4E S . Lennon
X R BRUE A MSC iFAT B/ H 4R SRR R
SRR BRI P T B PR, e I RS R
AL PRAGIE BT, MSC BB shARTS 21 T4
5P ] — 4 SCE Y, Lennon i0# F Z LI AR R
A, K MSC B B S50 SR N, & BB AR AL
FRL ) MSC. HE S0 BEAL MSC 7R P i 5
K. X IGUA A S B0t TRe R R4 AR B Y MSC 7E I
K ERTEBEAEENESE L.

B HEN, B4R HIF-1a % MSC 8 % 5
K Runx2 MY FRB WA EHALHEAEH, fifgs
i TWIST # i] Runx2 1 BMP2; It 7h 64T 79
ER stress 1 HIF-1a % Wnt B30 [6] 22510 ) T
MSC B 3. SR TR 2 1 kAU 2 MSC Al
B L g ie 78, Br T HIF-1a #1 ER
stress Zﬁfﬁﬁﬁﬂﬁ@%%*ﬁ%@%ﬁXﬂLI E/‘infﬂ
AR HE MSC W RCEER. S8 T S S 5 EUE R
MSC 1 BCH 53 A 1 VR T At 40 i A5 515 &
W, BT E MRS,

23 RES5 MSC WRERB S

BRHAE A R S A A A B, AR A
AT B AR AR, R ) G M RO AR R
53 RS MSCs [a] 3 5 1] 73 A6 S R A T 3K
0 S B A W R . B A i R
SR F /& Sox9  (SRY-related high-mobility group
box 9), HHKArFhrdA 2.9.10.11 B J5EE A,
RHE I RMEE 1S MSC [n] B CE 7 17 46 1Y
T R E S FE TP S IS SR B A FEKAS L TR
MLER TGF-B %5 -, H-whZ5ifi 20 ffd 5 48 A 1A He A=
ﬁ[szﬂ.

Hung F1 Malladi™ Y3 5 4E N B B& MSC F1/)>
FUIE T MSC H A5 31 1 G4 30 ) B o A i 25
SR Z 022 F il T 8A X MSC AR B
LR SR e 2 0 Hidh | Markway {8 MSC
T AT B TARE:, Miller [7] B ) FHTCRR A1 7K B e 2
Zei )y 2, HRUER] T BT MSC BB FR bRl
FEHR IR Z 0 (sGAG) . T BY R it | 2 11 R BH .Sox9
S FeIR IR SR . Mller #F MSC 434858 A4k
PR B 4% 50/21% 5 B 00 Ja b B, &30 MSC
Toie R AE DA AT e vp FA S K BE I 28 W 4k
BF, T B B 4 0 Ry sk S A BRI, A3 A RO F AR
Kanichai X} 64804 U B8 A5 43 fk 04 8 8% DR A7 1 4
9%, I Akt 1 p38 AUl 5 GEFH T4 T HIF-
la MR EME, Wil siRNA FBEailbk HIF-1a 2
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Ja, AR TR RS I RLR I S SR MHAN Sox9 TR
SR R RIS BLRI R 119, XIS 45 R R,
BT, Akt Hl p38 BIBERRALELE HIF-1a A6
A, NTTARLSR 311 Sox9 55— ZR 47 BUER B OGS 5
I RIX.

3 MSC HIREM

1T MSC RA RS e Jmk i s 1o 2R £
P 2 o RE 2 T BRI T L TR
SN E BRI, KRA Bz T A
HHLUBE BIL TR PR H ST Gl ik 15

i 2k O UBEZEAE A I RIGYT . 33 2 iy X
TRALM MSC AR FA L RE 1A B AR R i 2
K. TR N A BRI B I A, MRS AR
FHER AR WAL H sk 2 FRALFE MSC, & PRERAEXT
MSC P38 FE A A LR, ARSI T
RS I BIFFE AR 0T MSC IS 3B Ak i 5%
Wi, JF3HEe T = FALEL, 451 T HIF-1a Akt
Wt 2538 [ 7E X S L T2 v b 25 AN AT sk i 4 T 1Y)
5. A MSC A3 b SE SCRE Y A5 4 B L 3R
1, BT MSC VERI 6 S i % ¢ 22 LT 1.

®1 BREX MSC BB BB BRE AR TS FRIEMZMIMCER
Table 1 Summary sheet of the effects of hypoxia on MSC’s adipogenic, osteogenic and chondrogenic differentiation
and the expression of stemness markers

Author Year Refer- Cell  Cell 0, tension Duration Adipo- Osteo- Chondro- Stem cell Substrate
ence type  source /(%) genesis genesis genesis markers
VALORANI M G 2010 [39] Mice AT 2 10 d (H)/21 d (N) 1 !
VALORANIM G 2012 [40] Human AT 2 7 d (H)/Variety days (N) 1 1 1
GRAYSON W L. 2006 [42] Human BM 2 30 d (H) 1 1 1 3D constructs
REN H 2006 [41] Mice BM 8 9d (H) 1 1
FINK T 2004 [43] Human BM 1 3d (H) 1
MYLOTTE LA 2008 [38] Rat  BM 0.5 48 h (H) — — —
GRAYSON W L. 2007 [30] Human BM 2 7 d (H) — 1 1
HOLZWARTH C 2010 [37] Human BM 1 14 d (H) } 1
FEHRER C 2007 [31] Human BM 3 21 d (H) } 1
ZHOU S 2005 [36] Mice BM 2 7 d (H) }
HUANG J 2011 [54] Rabbit BM 0 12 h (H) 1
HUNG S P 2012 [55] Human BM 1 28 d (H) } 1 ! 1
BASCIANOL 2011 [56] Human BM 5 21 d (H) 1 1
LENNOND P 2001 [57] Rabbit BM 5 21 d, H and N interchange 1 Porous ceramic vehicles
POTIER E 2007 [50] Human BM =<1 2d (H) ! Scaffold substrate
DIPPOLITO G 2006 [32] Human BM 3 3-28 d (H) } 1
CHUNGDJ 2010 [51] Canine BM&AT 5, 1 1~14 d (H) 1
YANGD C 2011 [53] Human BM 1 1~21 d (H) 1
MERCERON C 2010 [52] Human AT 5 28 d (H) ! 1
MARKWAY B D 2010 [60] Human BM 2 14 d (H) 1
MULLER J 2011 [61] Human BM 4 14 d H and N interchange 1 Solidifying gelatin hydrogels
KANICHAIM 2008 [62] Rat  BM 2 7d (Hy/14 d (N) 1
MALLADI P 2006 [59] Mice AT 2 12 d (H) ! !

TE: BM: B RR: AT: sk, 1483, | 494l > 2T, H: 8058 N: F 5 d X he A

Notes: BM: Bone marrow derived; AT: Adipose tissue derived; T : Means up-regulated; | : Means down-regulated; —: Means

maintain stable; H: Hypoxia; N: Normoxia; d: Days; h: Hours.

BRI BE 32 a8 5 A e e ok o B
MSC. LT A3 21 MSC 22— &
173 LR I RE B HA o B S R R AR A H
HUTE MSC B4RPE b, fAf M ETERE . AFCEHTEE
T3 VAR A el 240 M ) AH B O R ST S T TR
WEER. AUGRERY MSC AR HE L g
JeA 2SI TR BUIERY MSC 200 AT /N
oy HA Z 10 AL R RE. TN 2 e H AR 1 4
{45733k MSC MEAESE N5 (8. A BT RIS 7 2

LUK PE K CD71.CD73 F1 CD105 FHA: A4 40 it s
BERCE AR BE 1 551, T v R U A9 CD 105 FH
PR AR B E LB AR L /NER CD73
FHE Y MSC /9 5 43T BE 7 5% T LI 43 fk B
F191 1 CD133 BHPERG MSC EREHA T 12 (534,
TERE, LG TR B N2 I 1 2 41 e,

Br 1 iR MSC [ M Bk, e . o
LR AR —EL TR MSC A EU 7
J& AR PR, SEI0 SR AR A SRR
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[3] TAKUBO K, SUDA T. Roles of the hypoxia response system in
Cartilage tissue hematopoietic and leukemic stem cells[]]. International Journal
/ engineering of Hematology, 2012, 95(5): 478-483.
[4] SEMENZA G L. Hypoxia-inducible factor 1: oxygen homeosta-
’ sis and disease pathophysiologylJ] Trends in Molecular Medicine,
2001, 7(8): 345-350.
[5] MOHYELDIN A, GARZON-MUVDI T, QUINONES-HINO-
@ - JOSA A. Oxygen in stem cell biology: a critical component of
\ the stem cell niche[]J]. Cell Stem Cell, 2010, 7(2): 150-161.
[6] WIESENER M S, JURGENSEN J S, ROSENBERGER C, et al.
M Widespread hypoxia-inducible expression of HIF-2alpha in
/ distinct cell populations of different organs[J]. Federation of Am-
M Bone tissue erican Societies for Experimental Biology, 2003, 17 (2): 271-
Regeneration of regeneration 273.
Soﬁg tissue damage, (_ [7]  HARRIS A L. Hypoxia-a key regulatory factor in tumour
plastic surgery growth[]J]. Natrue Review Cancer, 2002, 2(1): 38-47.
[8] HEALY S J, GORMAN A M, MOUSAVI-SHAFAEI P, et al.
1 SEXTF MSC S M REE Targeting the endoplasmic reticulum-stress response as an ant-
Fig.1 Schematic figure of roles of hypoxia in MSC dif- ;L;;l(cle_l;;lgzg%ﬂs] uropean Joumal of Phamacology. 2009,
ferentiation [9] VERRAS M, PAPANDREOU I, LIM A L, et al. Tumor hypoxia
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