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[FZE] B BRIHR AR P 5 2 B H 2 (dimethyloxalylglycine , DMOG ) % /s BV it B2 B 41 i 44
4 (MC3T3-E1) i 3% 58 A B 434k S it % 9 % A4 K I F (vascular endothelial growth factor, VEGF) 3% ik 1) 5%
W, Fik. A MC3T3-E1 408 Rl 20 15 2 AR 24h 5, SEB ARG 3R 39 20 M 50uM (50uM 41) Al 200uM
(200pM 4H1) ) DMOG , % B I A S8 @ 85 R W . 435 TR 3% 1.3 .5d Bk MTT 35400 MC3T3-E1 4H g 15 5
11580 ,5.10d 175614 B F2 i (alkaline phosphatase , ALP) % €8 & ALP 1 14 4 0 A% B 41 i 431k, 21d PG e
K MC3T3-E1 240 f 8545 15 (I8 MUF #4758 1 4007, SR AT ELISA 2450 MC3T3-E1 9% 3d 5 5L 13 W h
B VEGF 2 A & 1, JF I SZ I 2¢ Y6 2 1 PCR A& MC3T3-E1 41 ig VEGF mRNA fix; Fiki, &R . Hi5%
Ld WX B2 50uM 20 Al 200uM 411 MC3T3-E1 156 % J¥ (optical density, OD) {8 435 24 0.041+0.009,0.074+
0.019.0.086 £0.044 ,3d i 4 5] 7 0.123 +£0.027 .0.148 £0.020 .0.224 +0.061,5d i} 43 5l 4 0.297 £0.044 .0.325 =
0.084.,0.354+0.038, 1d .3d Hf 50.M 41 F1 200uM 415 [ B[] 4506 BRAL L 849 A W25 5 (P<0.05),3d H
50pM 415 200uM 414 2 5 (P<0.05) 55 3% 5d A1 10d BT BR AL ALP Y (5 6 5 %, SOuM 410 o v 46
200 M 21 B (0 45 7 3 Sd I X IR 4L ALP 35 1 0 1.943+0.072,50uM 20 4 1.632+0.051,200pM 204 1.319+0.065;
10d I} X R4 ALP 3% P 4 3.73420.067,50uM £ 4 3.38120.070,200uM 41 2.831+0.086, = 4 [a] 7] i} &) 4 L
B Gt 25 7 (P<0.05) , A1 4 10d B 5 5d B LA A G it 25 7 (P<0.05) . # R £L 44 200uM 21 7] Il
LTSN, S0WM AL AT O p AR AT A A5 T X BR AL AT KT A A5 IR AL TE FE AL A I (pg/ml) R 56.178=+
7.940,50uM 414 41.922+2.438 ,200uM 414 31.929+1.922 , = 41 8] FL 5 445 Hi i 24 2 5 (P<0.05) . 5 3% 3d B
R AL AN 37 LA VEGF B A& & (ng/fl) H 9.063+0.603,50uM 414 12.123+0.870,200uM 41K
15.540+0.581, = #H [] L4 ¥ 45 48 112 22 5% (P<0.05) ; 50uM £0 VEGF mRNA 2k & % B4 A9 1.792+0.067 ,
200 M 41y %t B4 3.963+0.092, — 4L 1] L A8 ¥4 Se it 25 5 (P<0.05) . 4518 : IR A A L% DMOG Al fig it
MC3T3-E1 4 i34 56 F1 VEGE Rk il = s 431k
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[Abstract] Objectives: To explore the effects of hypoxia mimic agent dimethyloxalylglycine(DMOG) on the
proliferation, osteogenic differentiation and vascular endothelial growth factor(VEGF) expression of MC3T3-El
cell. Methods: After MC3T3-El cells were seeded on plate for 24 hours, DMOG was added to the culture
medium with  concentrations of 50uM(50uM group) and 200nM(200uM group) respectively, while in the con-
trol group no DMOG was added. The proliferation of MC3T3-E1 cells was detected by MTT assay at the lst,
3rd and 5th day of cells culture. The osteoblast differentiation was determined by alkaline phosphatase activi-
ty analysis and ALP staining at the 5th and 10th day. The formation of calcium nodules in MC3T3-E1 cells

was detected by alizarin red staining and quantitative analysis at the 21st day. The level of VEGF in the su
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pernatant of MC3T3-E1 cells was detected by ELISA method,

detected by real-time fluorescence quantitative PCR. Results: At the 1st day of cells culture, the values of

and the gene expression of VEGF was also

light density (optical density, OD) in the control group, the S0uM group and the 200uM group were 0.041+
0.009, 0.074 £0.019, and 0.086+0.044 respectively. At the 3rd day, the values of OD in the control group,
the 50nM group, and the 200uM group were 0.123+0.027, 0.148+0.020, 0.224+0.061 respectively. At the Sth
day, the 50nM group and the 200puM group were 0.297+0.044,
0.325+0.084, 0.354+0.038 respectively. At the 1st day and the 3rd day, the DMOG results of the 50uM and
200pM group were significantly different from that of the control group(P<0.05). At the 3rd day, the DMOG

the values of OD in the control group,

result of 50uM group was significantly different from that of 200uM group. ALP staining showed that the
and shallow in the 200pM group. At

1.632+0.051 in the

color was deeper in the control group, moderate in the S50uM group,
the 5th day, the alkaline phosphatase activity was 1.943 +0.072 in the control group,
50pM group, 1.31920.065 in the 200nM group. At the 10th day, the alkaline phosphatase activity was
3.734+0.067 in the control group, 3.381+0.070 in the 50puM group, 2.831+0.086 in the 200uM group.
Alkaline phosphatase activity was significantly different between each two groups(P<0.05). Alizarin red staining
and quantitative analysis showed a small amount of red nodules in the 200uM group, a moderate amount red
while a large number of red nodules in the control group. The alizarin red
41.922+2.438 in the 50uM group, 31.929+1.922 in the
200uM group. There was significant difference of alizarin red content(pug/ml) between each two groups(P<0.05).
12.123+0.870 in the 50puM

There was significant difference of VEGF content between each

nodules in the 50uM group,
content was 56.178 +7.940 in the control group,

The VEGF content in the supernatant was 9.063 +0.603 in the control group,
group, 15.540+0.581 in the 200uM group.
two groups(P<0.05). The VEGF gene expression level was 1.792+0.067 in the 50pM group, 3.963+0.092 in
the 200uM  group,
groups (P<0.05). Conclusions: Under normal oxygen condition, hypoxia mimicking agent DMOG significantly

and there was significant difference of VEGF gene expression level between each two

promotes proliferation and VEGF expression, while inhibites osteogenic differentiation in MC3T3-E1 cell.

[Key words] Dimethyloxalylglycine; MC3T3-E1 cells; Alkaline phosphatase; Vascular endothelial growth fac-

tor; Osteogenic differentiation
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Be & B OF 5¢ B 42 ik ) ,DMOG  (Gibeo 71 7 ),
DMEM/HG 5 33 36 i 4= 1L 3 (Hyclone 23w ) , Hh
FEKNY PEFE LT (Sigma 28 #] ), 06l P B R ¥ (ALP)
BEEHE (BaRAHE),PCR 514 PCR a7
& (B Rt A R A IR A A ), 40t i il
WAL . SERF e 6 E i PCR X (Thermo Fisher 2%
Al
1.2 ZifEsR

MC3T3-E1 4 il e fili 55 72 W0 &% 10% 64 1
5 M 48R £ 4% 100U/ml 19 DMEM/HG, T 37°C .
5%CO, (35 750 h 15 3% ,48h J5 4 4 40 A ik
B #] 75%~80%1, FH 0.25% [ i #1731 1k, 29
2min J5 A G4 L5 W8 32 3L 20k W 1e, B0
H2 MC3T3-E1 40, V#5840 i i & 12 b 2 96
FLAR (2x10° 4~/FL) A1 24 FLAR (5x10* ~/FL) o Bl
Gy AR S B R R R il SR O i 1x10-
8nol/L H ZE KA 50ng/ml £ % C 10mmol/L. B-
H R A
1.3 MC3T3-E1 46 oo #r

R E 96 FLA (2x10° 4~/4L) A9 MC3T3-E1
YA s FF 24h J5 4 R AL AN DMOG 1 3 Al 55
R, 50uM 41K H & S0uM DMOG iy 56 i 5% 77
W T 10,200uM 4% H & 200uM DMOG 1) 3 fi
K2 W T 10, T HEEE 4 1d 3d .5d, &F 48h 4 &t
W, TEHG A 0 I ] 625 4 240 i 5 LN Smg/ml
) MTT 87 20l , i & 37°C .5%CO, 55 =46
WEHE 4h, 3 LW, AL 2000 (1 0 HT 3 A0
(DMSO) , 3t I HCE #5 K 4% 10min, B b5 {CR:
W AKAE 490nm T A OD 1.,
1.4 MC3T3-E1 4 fifg i oA
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b5 3 15 22 W, S0uM 41 R &% 50uM DMOG 1)
BCE A3 AR5 S 8 R T B, 200puM 2R H &
200uM DMOG B BUE 7346155 T 15 FR W T 900 2k
T 5d.,10d J5 5% LIE W, BAL 0 500wl 1Y 4% 2%
5[ W E 15min, T B R 2% oh 3 VA TR
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300pl #%¢ ALP G 8,305 & 156 B 5 e 5 170 i) T
3TCA LTI E 20h, 77 L IE W L1k N, IR
ARV 2 WK, g, F A IR R ) AR Ok AT
HE . ALP 3% M0 5 1 4 i 1% % & DMOG A #J5 %
[l ALP Je (o, 4% 5 55 3% 5d.10d J5 7% L5,

AL 2000l 208 2 (20mM Tris (pH {H
7.5),150mM NaCl, 1% Triton X-100), F&EAHIKX
$1 10s J& 12000g 0> Smin, B 7%, T 96 fL4k
R E A B BRdESY . FERL AL, ARSI
50pl,37°CHEE 20min J A FLHC 100l 28 1k 2
1B, 7E 405nm 5 44 R A WO B 45 bR fE b
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Y 24h J5 X5 AL A DMOG 19 36 Ath 15 77 W,
50uM 4K 7 S0uM DMOG () 3L flt 1% 5% ¥ T
il ,2000M 21K FH 7% 200uM DMOG ) 3 fili 15 77
W, T30 3d 5 A 35 W, 3000r/min 25 .0
10min ZBRBURL IR G, B ARHEFLAFEAR AL,
P o £L 45 0 AS TR) o B8 1 B o T S0l (0,15 .30,
60,120 ,240pg/ml ) ; FEASFL A IR IAEAS 10pl, F:
TFEAS TR BRI 40l , 25 LA I 5 B 25 AL,
FLI A FRAR 2 48 Ak 0 B A T2 B R DU AR 100l
A A 4 2 AL, 37°CAK AR - 60min ; 37
FWAR, MoK FAAT, BALINE VR, WE
Imin, B 25 VE AW, Wk 48 E4A T, ik & 42 0k 5
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B fh & 24 FLA (5x10* 4~/4L) A MC3T3-El
0 M K 37 24h J5 X LR B DMOG 1) 2k fith 5
FRW,50uM 41K H & 50uM DMOG f 56 il £ 7%
W5, 200uM 412K H 5% 200uM DMOG 1Y H: fih
KW 10, T8 3d J5 , % B35 ,PBS ¥k 2 3, i
A TRIzol i 71 24 ff 240 i, 3 70 & 12 B4 il 2
RNA AN N6 BT E B RNA Bk B A4l
B, HUASZIRE S RNA 4733056 564 1% cDNA |,
SEHF 26 E i PCR 41X (QuanStudio5) #E 1T PCR %¢
J6E &, PCR RN 2R A 25, I A 14 26 5%
(1) BiAE M . 50°C . 2min, 95°C  10min;; (2) 78 1 FiliE
K :95°C \15s,57°C  1min, fF K 40 ¥ ; (3) ¥ fift i
2k J» BT :95°C \155,57°C . 1min,95°C 15s,60°C .
15s, F TAREAL i N2 5L K GAPDH., i i ABI
28 A H AR ) Quant Studio Design & Analysis 77
MR AS DR A X Rk K, B 5]
W1,
1.8 Seil=#ortr

iz Ffl SPSS 18.0 K 14 i £ ¥ 2 17 48 i 2% &
BT T BERE DL A B bR E 2 (s ) o AT R
T2 0T, PP HLECR A LSD K55, P<0.05 Ry 2
SAEGIERE X,

2 HF#R
2.1 IS Tk

W2 2, KigE 1d B ,50uM F1 200pM 41 (1)
MC3T3-E1 Ml sE 4 2 TXT A, 2R A 511
5  (P<0.05),50pM 5 2000M 4122 8] 25 5+ T
it (P>0.05), 153 3d BF 200uM 41
MC3T3-El 4 g5 B % 2 F H & &4 (P<
0.05), 135 5d if 441 MC3T3-E1 40 itg 5 58 1 1
Giit#25% (P>0.05),
22 Esrk

WIS R FE 5d.10d B, ALP 4% €2 0] UL X}
HEZH B A R, S0M. 21 B 6 TP 45 200uM 41 2 1
B 10d e o Sd PR, H 200uM 4 %8
S0uM 21 Y o B o vk s Al F = 4138 nT WA
Z ML (] 1~3), —ZH 4 I H) 2 ALP 35 14 L3R
3, [l B 0] 25 = 4 (0] (4 ALP 36 PR 34947 W vk 25 5%,
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®1 51975
Table 1 The primer sequence

Gk
Primer

&N EARKF BiiF Forward GGGATGAAAGGCTTCAGTG

m-VEGF Fii# Reverse AGGAATGGGTTTGTCGTGT
PREIENS BUF Forward AAGGAGTAAGAAACCCTGGAC
m-GAPDH Fii# Reverse TCTGGGATGGAAATTGTGAG

*2 A[EHE A MC3T3-E1 B OD &
Table 2 OD values of MC3T3-E1 at different time

points
X B2 50puM 41 200pM 41
Control group 50pnM group 200pnM group
1d 0.041+0.009 0.074+0.019% 0.086+0.044"
3d 0.123+0.027 0.148+0.020" 0.224+0.0617
5d 0.297+0.044 0.325+0.084 0.354+0.038

U (D5 % BAL A P<0.05;@ 5 50uM4L 8 P<0.05
Note: (DCompared with control group, P<0.05; @ Compared
with 200uM group, P<0.05

2.3 YiEAE 1

BB SRR 21d J5 9 R L0 ) B AT I
K LT 4577, 50uM 41 AT UL A5 i 4T 8 25T,
200 M A LA FE 2T 555 (181 4 .5) 28 =5 xf
T2 96 K 40 & i (ug/ml) A 56.178+7.940,50uM
2N 41.922+2.438,200uM £1 4 31.929+1.922, =
g B e R AT Gt 22 5% (P<0.05)
24 VEGF #H 1 F1 mRNA ik {E L

B R S S B URNCT NS N T i s A £
VEGF # 1l mRNA X Fik gt L3k 4, —4H
i 43 W i VEGF 25 4 Al mRNA A XF 3635 & 4 H
Giit st 22 5% (P<0.05),50puM 41 i T 4 8 4
200 M 41T 50uM 41,

3 i

BHEMAEAZ—FIRRS WFA, HTIRT
DB AT AR A7 45 I IR 5 S 9 3 AN AR A A
T A B RIS 0, i (o =y o
T BOE B PR A R A R R E M (X
EHE, HERA BT 25 T HRETEERE T
A, T AR R A [] S5 DR R RS R R AE 5%~
35%M, A VR R AR R A B RS R B G pR e (HE
AT A I B R PR BR IR TR R 9 Rt
T RIT AT AR B S B SN RET AT
ZOR, AAXT AR SR ORI R SRS
A | R A B R T SN I — B (14 £ 47 45 )
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had a moderate color,

1 B SR FR Sd 1 o 19 il
% 8 21 B €0 B U, SOM 4L 21 € v 4
200pM B O ER B2 BE ST H
Fr Sd W G P R T Ut (0 N OB T WL
AW Z AL (x100) a X HR A
b 50uM 4 ¢ 200pM 4 3 MHTE
SPHE SR 10d BB VE W R A €0 5d
LIRS

Figure 1 Alkaline phosphatase staining
of MC3T3-E1 cells after osteogenic in-
duction for 5 days. The control group
had a darker color, the group of 50uM

and the group of 200pM had a lighter color Figure 2 Alkaline phosphatase staining of

MC3T3-E1 cells after osteogenic induction for 5 days. Observed under microscope, many cells can be seen in all three

groups (x100) a control group b 50uM group ¢ 200uM group Figure 3 Alkaline phosphatase staining of MC3T3-E1

cells after osteogenic induction for 10 days was deeper than that at 5 days

3 157 5d 0 10d B B ES BRI 1
Table 3 Alkaline phosphatase activity at different
time points

S0pM 4H
50pM group

X 2
Control group

200M 4
200puM group

5d 1.943+0.072 1.632+0.051% 1.319+0.065%2
10d 3.734+0.067 3.381+0.070" 2.831+0.086%2
1 D5 % IR 4H L& P<0.05;@550uM 4 [L#: P<0.05
Note: (D Compared with control group, P<0.05; (2 Compared
with 50uM group, P<0.05

SR SR AE 20 40 80 AEAC AT HA AL ES A ik
, HEETEE S AR S B A
N UL I, AT — ELAERF 78 I F Bk BE AR A A
G AR AR, SRR R A AR W T
PR F I A TR SRS 7 AZ B
VoS s TP 2R ) BMP2 S iR 5 B
F2 [ FDA i A T kA R I R
3 RE AR K b £ afE il 5, {2 BMP2 9% ] &b Bt

FEAE S LR . W AE I e XU 5 — R ) ] e
DMOG 1 Ay il 56— FR S5 AW, & — F JC 240 i 25 1
/Ny FAC A, BT 4 2T 13 15 DA T 410 il
IR FRACEG ) #E— 2L M HIF-1a B F21L, 982D
HIF-1o 765 S 55T R fE, IE i HIF-1a
U A BRI R A

A W5 HGE , DMOG BE {2 2 B 48 8] 75 53 T 20
Jt B oAk 7 FHAICR N 100uM~1000wM 2 B
SO 7 S s AR5 R T 200M V EE
1) DMOG Ab 321 | [R5 50puM ) DMOG 41 W
ZL KA E DMOG % MC3T3-E1 B £E 8248500
DMOG 1E JJy — Ff JL T J6 40 i 8 ¥ 18 /0 4 7 Ak 2%
YT, A RS0 B A AR AR i A A ST
38 AE A LA W M B S SR B A R R
HIF-la /N5 F46 A% DMOG, RE % 52 14 i
NG g 51 oW e R 00 = s o K 1 | K= RE o W e
F1O, T3 G TE B R S SRR R A L R
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52
4 MC3T3-El 41t B2 21d R4 et a XFREA4L AT L K4 asghdy b 50puM 4] W &4 254 ¢
200puM AL D LLEEsT B S PERLAYEE BHEE T a XTI b 50uM 41 ¢ 200uM 41 ( x40)

Figure 4 Alizarin red staining of MC3T3-E1 cells after osteogenic induction for 21 days a A large number of red

nodules were seen in control group b Moderate red nodules were seen in S0uM group ¢ Small amount of red nodules

were seen in 200uM group Figure 5 Alizarin red staining of MC3T3-E1 cells after osteogenic induction for 21 days

under microscopic a represents the control group b represents the S0uM group ¢ represents the 200M group( x40)

x4 BFIAHEFELFRD VEGF EE2EMH
fl mRNA K3 Rz E
Table 3 The content of VEGF protein in the culture
supernatant and the relative expression of cellular
mRNA at 3 days

S|
Protein mRNA
i R
. T RAL 9.0630.603 1
ontrol group
) .
SoouM 4l 12.123+0.8707 1.792+0.067"
M group
200p.M £ 15.540+0.58172 3.963+0.09212

200pM group

D5 % R4 e #% P<0.05;2)550pM 41 L P<0.05
Note:  (DCompared with control group, P<0.05; @Compared
with 50uM group, P<0.05

A DMOG F4H 2 1 £ ERG 30 6150 T /e £k | fig ik
0 T B 2 M P S A R LA RN, bR K BR
PR SR AR A A, (IR 354y 1k DMOG X B
200 6 ) A T A A SR ARGE . MC3T3-E1 /E T

BB A AR, RIS R A0 ) 8 114 H FH 20 A
R AHFSE I MC3T3-E1 W8 DMOG %t i 15 48
MusE s Stk kSR R, 45 R KB, DMOG
fig 2 2 MC3T3-E1 /41 i 34 7 | i 5 I A 4
TE U718 A1 G A SRR 480 500 2 4 U] 7 5 4
it 84 5 i 235 SR — 50, Wang ZE0E BF 5 03 BHAR 4R
REERE FRREAL E MC3T3-E1 (40 ig 58 . ALP /F
R S e SR A L3 AR K P B EE AR AR, ALP
Y0 B TR 3R W BB A B A3 fR R R 2 AR B 5 A
ALP Ze (0 F 35 PR D 22 & 30 50puM 2000 M ¥ B 1
DMOG HJREHM ] MC3T3-E1 M8 404k, i ELBE &
DMOG ¥ &£ () 38 i % MC3T3-E1 A% B 434k i 4
A A s B 2, BRI ST 2 B, DMOG Xt A
i) & 7 B B 1 200 B AE 181 43 Ak T o] RE A R —
HIAE T o Liu 352U I8 75 ISR 5L F 56 7% A DG A
1 (metastasis—associated gene 1,MTA1)%Z HIF-1a

{14 3 5 1 $0 ) MC3T3-E1 88 431 5 Trwin 2524
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i SmM ¥ EE Y DMOG 4b 3 24h J&5 #9% 4k 28 i
PR IR, MC3T3-E1 BUE /3 fe A 2 il 4
F 5% 25 St 3 FF DMOG #l # MC3T3-E1 1 5% &
I3l X5 22 ARGE 4 AR A B AR AL R A i )
Fo 5 T 40 BB o AR I 25 A R, X DMOG fi
T B RN 0 180 5 I 200 1 ol 43 A/ e 1
il MC3T3-E1 J o4k, T8 T4 10 2 240 fifg S A AS
i) K % & B B 22 55 S 506 DMOG A A i A= 9
RN, B DMOG XA [7] 241 i 25 7Y K 248 it AN [+ 2
H 0 BE A E ISR o 7 %€ DMOG Xf
MC3T3-E1 i b sg g, FAT13m i 95 2 21 g
ARG S5 T 21d S5 A A g5 1 T st
AT BT, &P 50uM . 200uM ) DMOG
REFNH MC3T3-E1 40 i 4545 35 (I B, 1 HLF &
DMOG 1) 4 Ji 38 fin % MC3T3-E1 41 Jifg 45 &5 45 JE
J A0 A B B 2 . DMOG f a2 18] 58 5+
2 B ) R T 3 A T A S 1 20 B ALP 3R 38 1Y 4
TFHLH B FrA = AR 5T, X 0] fE S AN [ 41 i
Fd DMOG 7E RO HAT e S

DMOG 5 i 31 HIF—Toe Y R fife B2 2 40 i v
HIF-1a B 7KF, AT AL R 5L VEGF 145 AN
Fik, AW SR B R ,50uM Fl 200uM 1)
DMOG ) g2 £ MC3T3-E1 28 fifi /3 i VEGF &
H % VEGF mRNA 3Rk, 1 HFEE DMOG Ay ik
JE 38X+ MC3T3-E1 41 ig 43 i VEGF # 1 &
VEGF mRNA B3Rk /E W E MM & . VEGF 1&
BRI CRME 5 A A bR E R R
T A I A PN R 200 R T S PR e 45 DX ot
TR A AR A2 R B DMOG A A
HOR AT 38 Ao 1A TR B A R AR TR

AWFFELE R F W, DMOG BE W% 12 ¥ il 40 iy
# MC3T3-E1 03458 3£ #F VEGF mRNA 1) 3%
KA 43, W4 MC3T3-E1 89 s 404k i
b . {HE 2R DMOG 1 #4 kL2 75 BE AR 1E A A il
B iR T B 2 1) SO

4 SEH

1. Meisel HJ, Schnéring M, Hohaus C, et al. Posterior lumbar
interbody fusion using rhBMP-2[J]. Eur Spine J, 2008, 17
(12): 1735-1744.

2. Balmayor ER. Targeted delivery as key for the success of
small osteoinductive molecules[J]. Adv Drug Deliv Rev, 2015,
94: 13-27.

3. Wang Y, Wan C, Deng L, et al. The hypoxia—inducible factor

alpha pathway couples angiogenesis to osteogenesis during
skeletal development[]J]. J Clin Invest, 2007, 117(6): 1616—
1626.

4. Wan C, Gilbert SR, Wang Y, et al. Activation of the hypoxi-
a—inducible factor—lalpha pathway accelerates bone regenera-
tion[J]. Proc Natl Acad Sci U S A, 2008, 105(2): 686-691.

5. Semenza GL, Wang GL. A nuclear factor induced by hypoxia
via de novo protein synthesis binds to the human erythropoi-
etin gene enhancer at a site required for transcriptional acti-
vation[J]. Mol Cell Biol, 1992, 12(12): 5447-5454.

6. Jaakkola P, Mole DR, Tian YM, et al. Targeting of HIF-al-
pha to the von Hippel-Lindau ubiquitylation complex by O,-
regulated prolyl hydroxylation[J]. Science, 2001, 292(5516):
468-472.

7. Ding H, Gao YS, Wang Y, et al. Dimethyloxaloylglycine in-
creases the bone healing capacity of adipose —derived stem
cells by promoting osteogenic differentiation and angiogenic
potential[J]. Stem Cells Dev, 2014, 23(9): 990-1000.

8. Yao Q, Liu Y, Tao J, et al. Hypoxia—mimicking nanofibrous
scaffolds promote endogenous bone regeneration[J]. ACS Appl
Mater Interfaces, 2016, 8(47): 32450-32459.

9. Wu C, Zhou Y, Chang J, et al. Delivery of dimethyloxallyl
glycine in mesoporous bioactive glass scaffolds to improve an-
giogenesis and osteogenesis of human bone marrow stromal
cells[J]. Acta Biomater, 2013, 9(11): 9159-9168.

10. Evans NR, Davies EM, Dare CJ, et al. Tissue engineering
strategies in spinal arthrodesis: the clinical imperative and
challenges to clinical translation[J]. Regen Med, 2013, 8(1):
49-64.

11. Sasso RC, Williams JI, Dimasi N, et al. Postoperative drains
at the donor sites of iliac—crest bone grafts: a prospective,
randomized study of morbidity at the donor site in patients

who had a traumatic injury of the spine [J]. ] Bone Joint
Surg Am, 1998, 80(5): 631-635.

12. Kon E, Roffi A, Filardo G, et al. Scaffold-based cartilage
treatments: with or without cells? a systematic review of pre-
clinical and clinical evidence[]]. Arthroscopy, 2015, 31(4):
767-7175.

13. Liu X, Tu Y, Zhang L, et al. Prolyl hydroxylase inhibitors
protect from the bone loss in ovariectomy rats by increasing
bone vascularity[J]. Cell Biochem Biophys, 2014, 69(1): 141-
149.

14. Ding H, Chen S, Song WQ, et al. Dimethyloxaloylglycine
improves angiogenic activity of bone marrow stromal cells in
the tissue—engineered bone[J]. Int J Biol Sci, 2014, 10(7):
746-756.

15. Zhang L, Jiang G, Zhao X, et al. Dimethyloxalylglycine pro-
motes bone marrow mesenchymal stem cell osteogenesis via
Rho/ROCK  signaling[J]. Cell Physiol Biochem, 2016, 39(4):
1391-1403.

16. Woo KM, Jung HM, Oh JH, et al. Synergistic effects of



o[ A A A2 7 2018 4EAR 28 4555 3 1)

Chinese Journal of Spine and Spinal Cord,2018,Vo0l.28 ,No.3 269

A
/

EEFAREFARRAMEE TR RHERE

Research progress of perioperative antithrombotic therapies in spine surgery

TRAF UL e A L I A2 R Eam R FE 2

(1 BEFEERFEEMESB 200433 L#ET;2 BFEEEREMIERAEE

doi: 10.3969/).issn.1004-406X.2018.03.12
FEDES R619 XEkFRIZES . A

Bk I 42 4% ZE (venous thromboembolism, VTE) 18 %
A 458 VR K LK TP B (deep vein thrombosis, DVT) | Jili # %€
(pulmonary embolism,PE) , /& HAMF AR5 LB H WL
I RAREWN 25\ 35 5 ) BB A 0 ARG T A ) E R Ot
=PI, Sebastian ZFEHEREAE ALy 43777 451 (4 1] B 14 43 A o
a0 A7 IR A TR (4 855 30d M PE #1 DVT (9% A= %4
9 0.5%H 0.7% , T AT HE MR e 42 U1 B - AR 1 38 3 2k
VTE KU 55 Rt & BEEA T B0 EE R T7 2 0 B 0, i 48 Ji
AN TA]  HTBEIR T 5 T LAy S ) BRGT BRI ST A oE BUBE
VYT PR T YA I R R AT Y Ak BB AR
Bl RN ] A7 AR AR | 3 5 1 T AR 4L
Bl an AH L BB EE IR T 1&%?}1@?4 ST R S

ES&mB: HEAAMEESH EHH (45 :81572096;
81772392)

E—IEFE I (1997-)  FEEARE BIST5 7 R
3% : (021)81870958  E-mail : jueargus9427@smmu.edu.cn
HIRAER X E-mail : liuyangspine@smmu.edu.cn

Wi BHEBE B —FRE 200003 #117)

M EHS :1004-406X (2018)-03-0269-06

i L A afn o 25 I 2 0E 1) & AR 4 DD AR S0 A B T R E &
SEERN R E MG RGN, EHBESERETFARBETFA
WIPTEE IR YT 1Y B 55 0 Ji 25 WT

1 HERTAEEN
1.1 WESTER YT

Yy BRGCEENR IT — M 58 A BAN J A LA S S A
D7 AR B A4 JIL PR WG48 5% e Ik, BT o0 32 10 9 [0 3 R ik
AR AR, HEMT AR VTE %A iR — Al 30 B8 2 IR
J1 8 73 # (compressive stocking, CS) . 8] 8k 78 N e %%
(intermittent pneumatic compression devices,IPCD) , JlJik
MW 5% (foot impulse devices, FIDs) %
111 Y3HUERYT A W BRHTEE IR T AR XS
3 AR PSS RSSO A N . D) A 13 G SCHERUO22%S H
AR E S ORI LA 1R,

7E 2009 4F 4L £ HFE P2 (North American Spine
Society , NASS) I R A IIE 78 7 Iy | 4 757 £ 00 4 AL R 8 %
i 1T SR MUA s 4 20 8 oA [ I f E 1 XURS: , i FE R E

dimethyloxalylglycine and butyrate incorporated into o—calci-
um sulfate on bone regeneration[]]. Biomaterials, 2015, 39:
1-14.

17. Min Z, Shichang Z, Chen X, et al. 3D—printed dimethyloxal-
Iyl glycine delivery scaffolds to improve angiogenesis and os-
teogenesis[J]. Biomater Sci, 2015, 3(8): 1236-1244.

18. ikd, JRERE, B7e, 4% (RS (RABLUN X BMSCs i
B AL W B XF LERT ST b e B AN RHRGR, 2016,
30(7): 903-908.

19. Wang L, Wu B, Zhang Y, et al. Hypoxia promotes the pro-
liferation of MC3T3-E1 cells via the hypoxia—inducible fac-
tor-1la signaling pathway [J]. Mol Med Rep, 2015, 12(4):
5267-5273.

20. Kyeyune-Nyombi E, Lau KH, Baylink DJ, et al. 1, 25-Di-
hydroxyvitamin D3 stimulates both alkaline phosphatase gene
transcription and mRNA stability in human bone cells [J].
Arch Biochem Biophys, 1991, 291(2): 316-325.

21. Liu T, Zou W, Shi G, et al. Hypoxia—induced MTA1 pro-

motes MC3T3 osteoblast growth but suppresses MC3T3 os-
teoblast differentiation[J]. Eur J Med Res, 2015, 20(1): 1-7.

22. Irwin R, LaPres JJ, Kinser S, et al. Prolyl-hydroxylase
inhibition and HIF activation in osteoblasts promotes an
adipocytic phenotype[J]. J Cell Biochem, 2007, 100(3): 762-
772.

23. Yuan J, Cui L, Zhang WJ, et al. Repair of canine mandibu-
lar bone defects with bone marrow stromal cells and porous
beta—tricalcium phosphate [J]. Biomaterials, 2007, 28 (6):
1005-1013.

24. Liu G, Zhao L, Zhang W, et al. Repair of goat tibial de-
fects with bone marrow stromal cells and beta —tricalcium
phosphate[J]. J Mater Sci Mater Med, 2008, 19(6): 2367 -
2376.

(Wi A8 :2017-10-09 AV E [] F 181 .2018-01-22)
(REXHF EMTIRIH)
(AXh# FRE)





