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[##ZE)] B 1] HIF-1 & F 7 SDF-1a/ CXCR4 F VEGF/ VEGFR # B{7E /5 DMOG 3 51 MSCs H A9/
MU, ik Kbk SD KR, ML A L4 . A B K R 4L . DMOG 41, YC-1 40, AMD3100 4, SU5416 41, 433
K CFU-F 3255 3 2 40 ARG I B8 A0 A0 & 1A MSCs B8  ELISA kG086 3% Ko A1 JE 135 P SDF-1a
Je VEGF % ¢ ; Western blotting VA& B35 40 il HIF-1oo SDF-1a }2 VEGF B FXKFE, &R [RINS ALk
8, DMOG 41 CFU-Fs i 2538 m, 5 CD45~ CD90 * 4 L #F LL B34 fin (P < 0.05) ; [F DMOG 41 b #5, YC-1 41,
AMD3100 £ SU5416 £ CFU-Fs ¥ 5.3/, H CD45 ~ CD90 * ZHMu Rk LL B4R (P < 0.05) ;[A] DMOG 41 %z,
YC-1 20 HIF-la WE R E AR EBEFHRM(P < 0.05), AMD3100 2 SDF-la W& M E MR B BERMEK(P <
0.05) ,SU5416 20 VEGF ¥ & B ARk BFHE(P < 0.05), &t DMOG [ fEif i b4 HIF-1o, A5
T i SDF-10/CXCR4 1 %5 VEGF/VEGFR i B 5 MSCs BIZh 5,

[X4R]  [MIFTRT40M5h 5 DMOG ; B T I T Lo 3RS AMAEAT AL B F-lo L N R AR K IR F
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Mechanism of HIF-1 signaling pathway in mediating
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[ Abstract] Objective To explore the role of HIF-1 and its downstream SDF-1a/CXCR4 and VEGF/VEGFR
pathway in mediating MSC mobilization with DMOG. Methods  Male SD rats were randomly divided into five groups:
Normal saline control group, DMOG group, YC-1 group, AMD3100 group, SU5416 group. We used CFU-F assay and flow
cytometry to determine the number of MSCs in rat bone marrow (BM) and peripheral blood (PB) in each group,
respectively. The concentrations of SDF-1aw and VEGF both in BM and PB serum in each group were detected by ELISA.
Western blotting was used to test protein levels of HIF-1ae, SDF-1ae and VEGF in BM. Results Compared with NS group,
the number of CFU-Fs as well as the percentage of CD45 ~ CD90 * cells increased in DMOG group (P < 0.05) ; Compared
with DMOG group, the number of CFU-Fs as well as the percentage of CD45~ CD90 " cells decreased in YC-1 group,
AMD3100 group and SU5416 group (P < 0.05). Compared with DMOG group, the concentration and protein expression
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of HIF-1a decreased significantly in YC-1 group (P < 0.05), the concentration and protein expression of SDF-la

decreased significantly in AMD3100 group (P < 0.05), the concentration and protein expression of VEGF decreased

significantly in SU5416 group (P < 0.05). Conclusion

DMOG can induce MSCs mobilization possibly via up-

regulating the expression of HIF-1a and activating its downstream SDF-1a/CXCR4 and VEGF/VEGFR pathway.
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8] 78 5t 1 4H B2 ( mesenchymal stem cells, MSCs )
Bl 348 N 2 510 3R 2h D1 i AR 4B o
MSCs BT 12 R S 40 A i, 78 41 200 45 75 52
MSCs 2 5165 ()55 — i), 45 7 o 5 35, MSCs
RIVAT 7 2 ] YO DA B3, A A
PR, S 5 0HE R, e A RS i A 4
16 1405 TG 1k EU 400G 6% 6] P 0 i Rk, TR Ik MSCs
) Ay e = N | W R R = e S S N
SCH AR H R R B R AT AT A MSCs Bl 5
T, B AL A B, FRATT AT SE I R R
IR, i 2 il o ) — — P R 2 i R R
( dimethyloxaloylglycine , DMOG ) %f/Ni, MSCs HA 3l
BUME ™, Bk % S N F-1a ( hypoxia-inducible
factor -1a, HIF-1av) 245 T MSCs 3l 53 1) 4 A
F,7E MSCs zh G it Pl o fEA Y HIF-1 B 3%
PRI T (S 5 3 A B AT AR -1 (SDF-1at) /
CXC JEANME P 7521 4 (CXCR4 ) 18 % 15 1ML 48 9 B2
AR HF (VEGK ) /I & W & A4 K B/ F 3% ik
( VEGFR) il & 7€ T4 3l 5t 5 MSCs i i B2
YER',

ARG L 25T HIF-1 $5507] YC-1 T HIF-
1 [ 33k, CXCR4 #5417 AMD3100 BH Wi SDF-1/
CXCR4 i %, VEGFR #5$177 SU5416 FHIWr VEFG/
VEGFR i@, % HIF-1 X F i SDF-1a/CXCR4 il
%M1 VEGF/VEGFR i /£ DMOG 53 MSCs ) i
HFERIBLE , BIFSR 25 K S MSCs 8 53 7 1 1 &
PEHULSTIARAE

1 MEMTTE

1.1 SKIEzh¥

THH SD KR, 4 Ji%,80 + 10 ¢, HEPE, Sk
T P IR - IS 5 B A BR A F [ SCXK ()
2008-0016]) , SLHGAEWITLHEE 25 K2 B S v
AT [ SYXK ( #7)2008-0115] ,
1.2 FEKFENZH

i M FEAF : DMOG ( Cayman 23 A] ) 3 YC-1 |
AMD3100 ,SU5416 ( Sigma 23 ) ; fbi K Bl CD45-

Mesenchymal stem cells mobilization ; DMOG ; Hypoxia inducible factor-1a ;Stromalcell-derived factor-

FITC HiiAk i K Bl CD90-PE HifA 56 ' [A) 8 % IR
Puik i KR HIF-1a $UiR 5T KR SDF-1a $iT
& P K B VEGF $iLik  fbi K B GAPDH Hiffk
IEHT AR 3T (Abcam A 7)) s DMEM/F12 1: 15557
FE (Invitrogen 7= i) 5 I 4 L3 (FBS, Gibeo 77 i)
ZT A0 2 (AE T Sk A R A A ) R BRI B
ALY B (R R W R A IR A R 5 4
FA W 2 2 H KR (Sigma 28 Al ) 5 SDF-1a,
VEGF ELISA #1237 & ( RayBiotech A7) .
FEAULS : SpectraMax Plus384 ffEFr 1L (MD 2>
F]) ; FC500MCL %4 3 3K 41 g {% ( BectonDiekinson 2
] ) ;Mini PROTEAN #U3E B i Pk A 1703940 #Y2-1
¥ZENHE (Bio-RAD A7) 45,
1.3 ZBHAE
etk SD K BRBENL A 5 41 A B ER 7K X HR
1 (NS) AT HIRRFY A BEER 7K ; @DMOG 41 . 17
JE 1 5 DMOG 40 mg/kg; @ YC-1 4. i i 4t
DMOG 40 mg/kg,YC-1 10 mg/kg; @AMD3100 £ .
JE2 7 5 DMOG 40 mg/kg, AMD3100 5 mg/kg; B
SU5416 41 ; i 5 7 57 DMOG 40 mg/kg, SU5416 5
mg/keg, BRAS W BRI T d,
1.4 KBRBHERAIMNE M LA 1240 MR E
BACPHAELR 25 7 d J5, o & FEUE K
RUBCE R, SIBR LA G 7 46, PBS i i 15 5
A Z YA ( bonemarrow mononuclear cells, BMMNCs) ,
1000 r/min #:0> 5 min, 575 B3, #% 1.2 A ZL 40
M ZLf R 24/ 5 min, 1000 r/min &[> 5 min, BE1T
H310% KA (3.5 mL/kg) W8 I VE ST R SD K
B, TER AT, 10 mL RS 48 BUE BE S ki 5 mL,
GRS mLL I 20 53 B VY 08 H L2000
r/min B0 20 min, W 2% 2 ,PBS VeV 2 G ,H
=it B A O S A 4 Mg ( peripheral
bloodmononuclear cells, PBMNCs) ,,
1.5 XREHRINEMAF MSCs #H=#i
B85 BMMNCs M2 PBMNCs LA 3 x 10° cells/
ml R T&A 20% FBS 1% -5 % X i) DMEM/
F12 8532 3 Rl T 25 om® BOSBRIES SRR, B
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T 37°C 5% CO, Higifikige, 7 d Jo gt 55 57
UG 3 d B —IK, R 14 d 5, B T
ST B8 CRU-Fs CF 2 BT it AR K, BLAn i 2
JERT 50 MRS FRIC N 1 4> CFU-F) 550
1. CFU-Fs, CFU-Fs %% & R} k& %6 5 40 J& 1 A
MSCs %5z,
1.6 XKBRBHERIMNEMH CD45~ CDIO " A L
1516

# 1 x10° 4~ BMMNCs & PBMNCs 437! & & T
100 WL PBS By aCAE IR 5 5 4 S R {0 ] Y
XTHRZH RN 2 pL BT K B CD45-FITC $it
KK 5 WL St KBl CD90-PE il 2 et 500
I E 30 min J5, PBS Yk AR EE G PUIAR, =40 ML
Kl CD45 ~ CD9O * 4H Mo L 43l
1.7 BEELEFRNEMES SDF-1a, VEGF iR E
gl

BACHHES 25T d i, TR & US4
KA M Bl Mg, i an 1.4, PBS whH

BMMNCs,4°C ,1000 r/min &> 10 min, Y£EB#E I
T B H KBS I 5 mL,4°C, 1000 r/min &L
20 min, Y £E Hb A I iV, A I A % IR B L 56
( enzyme-linked immunosorbent assays, ELISA ) 5 il
SDF-lar, VEGF ¥ i | FL {4 ik 7 42 HR A7) & v B 5
BAE
1.8 HIF-1o.SDF-1a % VEGF & B Rix#

B4R Bl BMMINGs, ikt 1.4, Y dE 44
K ELBMMNCs % 1.5 mL EP &t /i1 200 pL #iv
A28 i 24 A T 2L AR AR 5 min, T84 24 L 4°C
12000 r/min B> 20 min, £ 8 EE., S 6k
MWESHAEASE BEHAEARERBERS ny/
pL. SDS-PAGE HLIK, B TIEFE IR, £ 2 h, 4351 m
Hbi KR HIF-1o HiiK  Sdi KB SDF-1a Fik |
PR VEGF Hitdk St K GAPDH #itfA& (HIF-1a
P BERE 1: 1000, SDF-1a #i BEFE 1: 1000, VEGF i
& 1: 1000, GAPDH i B 1: 2000 ,4°C B %,
FEEVREEDE 3 UK, L 05 — P (PR 1:2000) =
TEIFE 1 h, VEPEWSEVE 3 WK, ECL 5%, Frle A i B
TH TR 14505 31008, FH Image J 800317 W6 )
S3HT I A5 AR AR B AR X R IR KF
1.9 SitFEaE

SRR LA SPSS 19. 0 FAFGE 43, Bl 4%
LI £ bRUEZE (& + 5 ) T, LA EIE 0 %
FH RS, 25 2H 00 SR B B R 207 22 00 W, A 34

BLIP < 0.05 NEG I #EX,
2 H#R

2.1 CFU-FESRAABAKENXERE
e MSCs ¥ 2

CFU-F 3453 R . DMOG 4K BUE 86 & 40
MM CFU-Fs £ 3¢ NS 241 8 F 3 (13.4 + 1. 14VS
9.2+0.83;2.6 +£0.54VS 1.4 £0.54,P < 0.05),
YC-1,AMD3100, SU5416 4 B & CFU-Fs %% & %
DMOG £H i %A% (9.8 +0.83.10.4 +1.14 9.6 +
1.14 VS 13.4 +1.14,P < 0.05) , [AW}4&E I CFU-
Fs B B EFK (1.2 £0.83.1.6 £0.54 1.6 +
0.54 VS2.6£0.54,P < 0.05) (% 1),

x1 EBILSMNE ML CFU-Fs £
Tab.1 The number of CFU-Fs in BM and PB

BERSMNE

ZH 5] HHE CFU-Fs  #MAL CFU-Fs
(Group) (BM CFU-Fs) (PB CFU-Fs)
A HER KX IR AL (NS group) 9.2+0.83 1.4 +0. 54
DMOG 41 ( DMOG group) 13.4 £1.14% 2.6 £0. 54"
YC-1 41 ( YC-1 group) 9.8+0.83" 1.2£0.83"
AMD3100 £ ( AMD3100 group)  10.4 =1. 14 * 1.6 £0.54 "
SU5416 #H (SU5416 group) 9.6+1.14" 1.6 £0.54 "

5 NS 414, *P < 0.05;5 DMOG 4114, * P <0.05,
Note: Compared with NS group, *P < 0.05; compared with DMOG
group, *P<0.05.

WA AR S5 R 2R . DMOG 413 48 -5 40 A 1
H1 CD45~ CD90 * AL LL 51 5 NS 20 LA T
(3.67 +0.17% VS 2.94 +0.06% ,15.3 + 0.33%
VS 6.37 £0.23% ,P < 0.05), YC-1,AMD3100,
SU5416 41B#6-5 40 1L CD45 - CD90 * 4 i # L
%15 DMOG 41 bt 3 i R AR (2. 52 0. 05% 2. 55
+0.10% 2.48 £0.07% VS 3.67 +0.17% ;12.6 +
0.31% .13.1 +0.55% . 11.6 = 0.53% VS 15.3 +
0.33% ,P < 0.05) (% TH?ZIEII)
2.2 ELISA M XRERLBIRENAMFH
SDF-1a, VEGF iR EE

ELISA #1145 % 18 7% . DMOG 4 Ab¥E 7 d J5, Kk
SV BE L3S S ANE L SDF-1a \VEGF ¥ %5 NS
HAHLBETE (P < 0.05), AMD3100 4b B2 K
SRCE-RE L AN AL T SDF-1a ¥R EE [R] DMOG #H
L i RN (P < 0.05), SUS416 Ab3ZH K B A 4
3 K AN ILE B VEGF #kEE [7) DMOG #H Hb B 2%
FEAR(P < 0.05) (&l 2),
2.3 Western blotting % #& Il X & &
HIF-1«,SDF-1, VEGF By R i%
2k B 7N, HIF-lo, SDF-la,

#E 28 A P

Western blotting %
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H A, BE LV SDF-1o ¥R ;BB 8E_ LW VEGF ¥R ; C, ZME g o SDF-1a ¥R 5
D, AMEIME H VEGE &, 5 NS AR, * P <0.05, 5 DMOG 4 H#,*P <0.05,
2 HBE L AR T SDF-1a & VEGF #R B

Note: A, SDF-la concentration in BM serum;B, VEGF concentration in BM serum;C, SDF-la concentration in PB serum;

D, VEGF concentration in PM serum. Compared with NS group, * P <0.05. Compared with DMOG group,*P <0. 05.
Fig.2 Quantification of SDF-1aand VEGF concentrations in BM and PB

VEGF FIAYEL5T DMOG JE I EHI(P < 0.05) .,
YC-1 41 HIF-1a #i5% DMOG 4 W B &ML (P <
0.05) ., AMD3100 £H SDF-1a 3ik%% DMOG £H W]
R (P < 0.05), SU5S416 41 VEGF k% DMOG
HBEFM(ES),

3 iTig

MSCs 3 51 775 XA i i 55 A 2 I
PRI SC, FRATTHT A AF 5T A B0 M 22 2 2 1k i 410 o)
FI—DMOG Xf/INE MSCs ELA 2 B4 ™ sk 1 L
AEALHI A T4 BA R . WFoY R B, Il R PR AL Tl
1E HIF-1 (IR A 2 mZEM, Nl

SRR R Z AR, HIF-1o 2 A 22 R 3 Ak il
(proline hydroxylase, PHD) ME— ¥ JICH) . i & iR 75
AL %13 ( PHD inhibitor, PHI) 8 3 401 ] PHD 119
T, A HIF-1a B3R AL 800 3 0IRAS TS HIF-
Lo BYFESE , NITTRESE HIF-1a B35, R HIF-1 {5
FiE M, DMOG MR % RIS, 8L 5 R T
14 2~ 3G 8 5 4 AT 910 T A 2 R 2 AL T, 2 > i
i 2R 2 A Tl AT o) 590 A 5 0 B Y AR AR 5
W IRATTR A CFU-F A =X 240 i A 2 2 46 I -1 4
FAME A MSCs B R, 45 5 W78 DMOG 418 48
540 i MSCs U %8¢ NS 4 & 2 B8 i, CD45 -
CDOO " 4l g Bf He 51 5 NS 21 bL A 2 A &, 0 U T
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T WSS e
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T AL B KU BEAE HIF-1o SDF-1a VEGF #32i5/KF ;B .C.D: 4354 HIF-1a SDF-lar,
VEGF HIX Rk iR, 5 NSALHE, " P < 0.05, 5 DMOG 4IHE,*P < 0.05,
3 EBE4ND HIF-1a SDF-1o 2 VEGF & 135K F
Note: A : The expression level of HIF-1ae, SDF-1a and VEGF in BM cells; B, C, D:Relative levels of HIF-1a, SDF-1a and VEGF proteins

were presented as the fold increase normalized to NS. Compared with NS group, *P < 0.05. Compared with DMOG group, *P < 0.05.
Fig.3 The protein expression of HIF-1a, SDF-1a and VEGF

DMOG Xf MSCs A9zl B2 /EH

HIF-1 /1 HIF-la X HIF-18 P > W 3 4 i,
HIF-18 4 HIF-1 [R5 | 7 40 i rh e &
ik HIF-1o 24 HIF-1 8998 15 PR3, YC-1 7E m
] HIF-1o P15, 0T LAA 25000 61 3 90 7R I8 HIF-1a
kO AR ST A R & B, YC-1 n] LLBA A
#il HIF-1a |9, 40 HIF-1 38 8% )5, YC-1 411
MSCs 2 BIUSCR I i B A%, H SDF-1a W K 1 3&
Ik E AR, # 0 HIF-1o 7€ DMOG 5 549 MSCs 3
PR EEMEH, SF5EUESE, SDF-1a 78 P B2 41 i 52
SRR HIF-1 B4, CXCR4 J& H i BT JNw

SDF-1o FYME—3Z 44 [m] i} & P9 20T 5% 5 FR A TR
W54 % Bl SDF-1a/ CXCR4 il B 7E MSCs i H &
FEEZ/EHP . AMD3100 /2 SDF-1a 521 CXCR4
(A BELIBT 51, REE 4 PE Hb 45 &5 CXCR4, A5 R4 BHBr SDF-
la/CXCR4 3 %, FRATHE 5% 45 % & 3, BH Wr SDF-
1o/ CXCR4 38 % )5, AMD3100 24 MSCs 3l bt %R B
WREAR, H SDF-1a ¥R B I 2R 38 B 35 B K,
VEGF/VEGFR 24 3 B (O 52 U2 e i MSCs
BN EZLERE . VEGE J&52 HIF-1 B
MR, AT 3E i 5 H R PRS2 K VEGFR 256
O T 2 TR B T VRS T A I PN R A ) B
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B A TE B AR I A TR A, B i s e
SU5416 J&— PRV P /N o3 6 152 1A I 22 R 3 Tt
PR T R 2 A P R 4
WEE A TE A I E] ATP i & HEAVE . AR BFSE
SU5416 4751 BHF VEGF/VEGFR 18 #% | 45 5 % 3
MSCs 2l B3 80CRBEAR, H VEGF ¥k B K 2R 325 F¥
%, B 1E #F 9% 3F 52, VEGF/VEGFR 5 SDF-1a/
CXCR4 il B AFAE—E B2 BHAEH , VEGF 7T _L i i
JJRE 4 B 5 i P R 40 R SDF-1ac B H: 37 fA
CXCR4 [ 323K, (H I AN 52 W) SDF-1au [1] 41 Jifd 71 43
WO AR gE 4 SR R, SUS416 1 il - 41 g
VEGF ik iy [Rl it %t SDF-1a 25 ik A — & 1Y)
PHIVEA, (B 86 L3 43 Y SDF-1a K F- - 1%
HEAA, VEGF 5 SDF-1 18 J% 2 Ia] 40 5.4/ i)
FABLSIA T o —2P 05T

Zi Lk, DMOG 5 5 MSCs ) 52 v] Be i 76 H
BUH A LA 252 DMOG J& , 74 HIF-1a #9321k,
HIF-1 {55 F, T SDF-1a , VEGF 3
IRHEIN, B DMOG W] BBl [ HIF-1, A i 46 H:
i SDF-10/CXCR4 i # 5 VEGF/VEGFR i %1%
5 MSCs 351,
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