T B RN 2020 4F 8 J1 5 26 245 8 | Chin ) Osteoporos, Auguast 2020, Vol 26, No. 8
Published online www.wanfangdata.com.cn  dei: 10. 3969/§.issn.1006-7108. 2020. 08. 023 1201

- ZRik -

R T N T Lo P2 B ACBERT B DO 58 108 A= 1Y)
bt 5% it e

Rt AFT s RV
L LW A S 558 SR B L LW 200438
2. BRI KRR TR0, T4 T M 510631

HE 4 %S R681 XERFRISAS: A X EHS: 1006-7108(2020) 08-1201-06

TEE . BRI ERNE E ALEE R S AR T A B R EZ — . BRI RN IE LR D TREEE Y
BLBEIR S, SECE B WAIHE R B IR AL . 780 IR D, 5 M A 5L BE 4% 4 5 B0 40 M o A, 3 0 m R B T G 4
WISE 33 2 3 VEGE DL K FGF2 28 45 /6 il I 42 3 1045 P9 B 4 i 0% 38 2 B A Ak, e TR E B I /R . MR RS T la
(HIF-1a) )2 2 55400 M 8 4 5 2 A A Ma B iRE, B2 5 9% 88 i 8 A 8 B 8 #2705 1 8 4 A 0 4%
WEBERERENMEM., AXEELGE HIF-1o 728 B RO R M8 £ B 0 PE ABLH, o8 M4 A B B VA B T B A% 1
B IF 5T B B RR SR B 9 0 L 1] Y o SR A P R At A T 5 L

KER: MAFESETF la; BN LEER, & 0%

Research progress of hypoxia-inducible factor 1« in angiogenesis of bone microenvironment
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Abstract: Decline in angiogenic capacity of the bone microenvironment is one of the important causes of senile osteoporosis. The
decreased bone angiogenesis caused by aging leads to weakened bone formation, leading to loss of bone mass and induction of
osteoporosis. In the bone microenvironment, the bone angiogenesis promotes osteoblast differentiation and enhances bone formation.
Osteoblasts promote the proliferation and differentiation of vascular endothelial cells by secreting angiogenic factors such as VEGF
and FGF2, thereby promoting bone angiogenesis. Hypoxia-inducible factor 1a ( HIF-1a) is widely involved in the regulation of
multiple physiological processes such as bone metabolism and angiogenesis, and is involved in the regulation of bone formation and
angiogenesis, and plays a pivotal role in the regulation of bone angiogenesis. This article mainly reviews the mechanism of HIF-1a
in bone metabolism and osseointegration of bone microenvironment, and provides theoretical basis and research ideas for the
mechanism of osteoporosis prevention and treatment of bone angiogenesis.
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Lo, HIF-To) 7EF AR AR v R 5 AR A, JF
B2 i AR R 2 N T S AR i A
TN K48 M A K H 7 (vascular endothelial
growth factor, VEGF) %5t [ 2 5 Bk R 4 L .
I8 A TR i AR R B Se B SR, B AR R A
(natural killer cells, NK) A7 HIF-1o B9 525 3055 7 b
FE KT, 3 F B /NGl Mo % (non-small cell lung
cancer,NSCLC ) Ifil % £E B 73 5 ML ] &9 BF 5% & W1,
HIF-la 25 miR-206 % 5 (Y i & 4 B4t 2, miR-
206 FEfE 4] STAT3 / HIF-1a/ VEGF 3842 3k R A%
M A

H A, 56 T HIF- Lo JR42 B RO 55 108 A2 Y i
TR AR, Bt , A S0 E LR HIF-1o 78 & TR
S5 078 AR R B AR R LR, R i a0 AR B 1R R
G A Y BIL ) AF 5 4 A B R R A

1 HIFla &Y F T8

HIF-1o J2& HIF-1 S ARG = RAZ—, H
a WHFD B W R A A0 — AR, 76 505 40 B R0 H A
MpRR G E RSP ELEER """, AFERE
EH M &M T, HIF-1a 78 8 R #1 1 % f# (oxygen-
dependent degradation, QDD ) %5 ¥4 I, PN 14 3¢ 4 itk & B2
B RE A Bl ik 2 Ik 52 1L 88 (prolyl hydroxylases, PHD)
BEAL, BEALN, HIF-1o 5§ —Ffp E3 2 Z % H:
( Von Hippel-Lindaum, VAL) EHZ S, MG E A
EARE R FEIRE AT HIF- 1o B IR 2 B
FAL AN H]  HIF-1a 76 40 jE 4% PR B 5 5 HIF-1 1
B L TR R S HIF RN, aiES Y
I8 A R, VEGF!™ ' Yo 4k 1k, B 2
SE B9 HIF B30 LR A 8t 100 A7 B AT 2 50k
Yt B AR AR A 45 R s e AR L i A R
JR LT 2 T MR T R T AR pH

HIF-1a 2 i i 3 o] /E 4] T GLUT1, ADRP
CAXIT VEGF 45 40 jfg PR - i & 4% # A0 2 oof 7217
WHE ST GLUT1 ¥ A A0 i 5% 12 , i@ o ADRP i #%
B A, 8 1 CAXIT JH ¥ 40 iy pH R &,
Ak, HIF-lo 30 B8 38 23 07E BNIP3 3 1 41 f 5 W5 Al
R R
2 HIFla fE® K5

B I Bl e (ochotona curzoniae ) J& — FF 15 i ikt &
YRl A T 7E 7 R R R 4R 3 000 ~ 5 000 K4k, Li

a2 e T R R i K 2 B 4Ulrh  HIF-1a B
FIFRBAKTHE S FAEESTEHN/NR, S

76 15 3 5 3 ) 30 0 B A, 7E A i R o, HIIE-
Lo A V42 A0 B 200 ML 114 2% 5 AT 5%, 4R 2 BMP %
ST 240 B0 B B Ak, SR R 2 B A R R 2
RGBS R R 40 HIF-1o 35 F 9, {5 58 41
H T PR B T3 & i 3k HIF-1a BEZR MG R
T 31 R 0 T R T AR T AR HIF- Lo S5 AR 40
Mid it — 5 TR, fE/NR AT %3k HIF-1a 8
WX A, 38 KRR B R R,
AR 520 107 38 A o B 400 0 HHIF - Lo 43 BASEE O 4 188 2, HIIF-
lo AEE IR VEGE 45 iy 2 PN AT HE B 1 A4 A 1, ]
I} T 5 222 f te 45 0 ) 400 L O 0, A 0 R 4 1Y
W B Ak AR BB A

TEWE B 40 Mo b, HIF-1o - 49 3 5 55— Bb A
o BB 200 A T 06 4B TR X IR, 244 B L Th BB A
BF, O S S ) A A B HITF -1 Dh B SO0 S5 B
W B = B HIF-lo SORER MR BB 40 M35 1k
BOTR ATV E W AT AR R TS HIF-
la ZFH0H, BRSSP o oAb, B 2 0N R
W M B HLIF- Lo 5 [R JRE U, T 400 O 1k 0 58
B, EEIIG MR RIS,
LY HIF-la EERE L, SRR R
S HIF-1o Z2 3006, B Wl 59> . ik
B, 046 T 4 B P TR - Lov 25 3K 400 46 T B 4
3 ) R R A, Bl R A

TE BB N BT R 1], A K0 R T B R
i 380 1 - AT I0L A 0 B A 5, i A A A
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VEGF"™ feF kB ME B &+, VECF 4 #i 1 I
BT M OB TR B e R Y HIF -l
55 FAE T R R 2 5 45 A A AR R R
£ o I, Stegen 45 % 75 ( Nature ) (1 BF 57 4R 3H
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T 4RI O T ORI B AR R R (] s
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STWIE BT MR, A8 microRNAs 8 5 # fU i
T HIF-la @A TEENS FHEH KT
miR-21 FEAE i B BE Al 7 & T 40 M2 ( bone marrow
mesenchymal stem cells, BMSCs) [ 1F # il & /0 1k
(52 56 b & B, miR-21 3 53 38 Jn P-Akt Fl HIF-1a
T5 TR B2 Sk 2 3F BMSCs 1Y BB 4> L E 7, Costa V
a2 B 6 MW BB 4> % R ( fluorescence-
FACS) , il i B P 5k 5 f 4
H 4 A Sk B 58 HIF-1o #1 miR-675-5p £ M & 4 i
FURCE FR G VR M AE DB 5T b & 31, miR-675-5p i@
AN HIF-1o 323K A % Wt /B-catenin {5 5 1
B S 3k A B B8 18] 78 BE T 48 M2 ( human bone marrow
mesenchymal stem cells, hMSC ) 7] i & 40 fitd 5344 .

3 HIFlafEEMAENE £ K

BEARTEFL Y CELHE ) S I B R A I B
#H 40} ( endothelial progenitor cells, EPCs) 5 & fi& ¥
B % fe A 1K 48 48 1 ( multipotent adult progenitor
cells, MAPCS) ZE /K Py Ab 25 7T 434k Jhy Ji 8 it 48 P
ZH i1 ( endothelial cells,ECs) , HRE T RE , &5
LR B0 Bt R T . VE A0 R T LA AR N
BN, — T KT HIF-1o {5 516 T 726 8 75 155 42
& (angiogenin, ANG ) # Ik Ml b F-[A] it % 4k
( Epithelial-mesenchymal transition , EMT ) 7E 5kt & #1 ®
BE€n 3R 1 An ot £ B WX £ B, /8 ARPe-19
A R 4 /N BB A o, ANG 1Y 28 35 7K OF- 38 Jn, BH i
HIF-la 54 MH ANG (&R, Barcm
% HIF-la JEEK TR NA 60 £ 5, HpfiEH
B i PR VEGE ™ 78 HIF-lo BAR 1 0L F
VEGF £k M AR 0 3 — 2B 058 ™ & 3, HIF-1a
Wit VEGF J8 3l 7~ X 38 b i 5k 0 52 0 oo 456 T
L3 VEGE 17 4, N M LR KN T 32 48 1
(vascular endothelial growth factor receptor, VEGFR-
1) FN 2 40 M 4R K ] 7 5% & 2 (vascular endothelial
growth factor receptor, VEGFR-2) BN K 4 I
RIKWPIF L B HIF-1a 40 0204, 1T VEGF 258
it VEGFR-1 fl VEGFR-2 sE3L 1N fz 40 i 1) 8 4k A4
HEA 22 53 34, oE T S| B A M A G B A M 4 AR
T B HIF-L 605 A T 2R T S
PR ATBE " R HIF- Lo 2 5 L2 o
ROR B, BSR4 ML E S IER, THLUK
i 48 V- AT g2 0 b I, 2R B R R LT
HE,

activated cell sorting,

BB R — R B AL R A (B R
MAEN R — D RAN AR, EEHAD, K
SIEZIH 1% ~ 6% B/ T 1% , Horh - RS 53 He /D
T 1. 8%, B IE WML & KN T 1.3% ", HIF-
oo AR A ECBR A5 10 T 95 20 M N AR 28 i A% 0 B
RN T AREN HIF-1o 73 W3 2 51 5 18 2 40 %
5 HIF-1B8 JE SR & 1K, J3 3 VEGF KA 41 46 g
R (erythropoietin, EPO ) 25 i 4 [N 1) §% 3%, 51
8 — B B Tt S B A g

FEMAE 89 % T 3k AR, HIF-1a 58 3 4% VEGF
F A O M 8 AR . KRR HIF-1a B, BIME 2 AR
AT, VEGE Rkt &2 B . HIF-lo B HE
4% VEGF ¥ $3 ift % A= 1R 5 8 Ak i) i FB I
TEB A G AR o, CE 40 o W VEGE JF B0 14
MR, e BERE R B . i 3Rk HIF-1a B35 &
VEGF S 1% 4 A PF 5 2o 5 40 3, )R B il 48 A=
B, T A I B A R B R X It P A A B O R
WA % 1Y . 3E4F Kusumbe 251" #F Nature |
WRIE N EEARE P AT BN LKL LN
B T e R B B 7 A0 I R, e HOBY P R R O
B Y R, B AR M R HC A A B = O3 A A
H BN e 40 F el o T3 R 35 HIF-1o RESE Y 3G H
R e T o 1007, R T R A4 L T A 0 MR R 42
AR,

VHL B A @ /b B HIF-1o 35 8.3 1,
A8 73 A B B30, 3 BLAE 2 51 o B2 b A AR
BN, E7E S A B R B 2 HIF-1a A9 /)8 BRI 387 2R
FE AW B2 i Rk HIF-1a i MSC 104
PR ORR B SRR RO R T kB
(deferoxamine , DFO ) 52 — Fit ™ 32 {ifi I #) 8 S0 A5 {5
FO L FE—TA SR B R A PR
(v FEAL IR 72 ™ ot DFO 44 S B AT | A 3
LB - E O FR AL B Y (poly (lactic-co-glyeolic acid) ,
PLGA) B L 19 DFO W] LLE HIF-lo {55 3 #% J5
S JLAE R UE 09 M A B, 245 VEGF [ FGF-2
ANGFT-1, VEGF 1 FGF-2 /RAUAR 3k ifn & A i, i AL
i MSC i % 43 b B A RIS T B O HLLF-
Lo FE NN H G A G R b R AR .

BB & E A4 (tibial dyschondroplasia, TD)
JE— R T B R RN, AR IR R R A AR KR
(tibial growth plates, TGP ) H H B 3F il B AL FIAE G 1k
Py B e L PR R o T A R R R e =
HEEFREMAMEEC, M EHETHELERE,
Genin % (g BF 95 R WA, KT RGE B R 5 TD kK
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K. b8 HIF-la 8868 8K VEGFA K& H IR 8 &
2R B R R 32K A IR0 A R, DA T S BT R A
SO MEEREARKRRNER 2T, WA 1,

Vascular endotheliaicell

VICFRI.
)

o
¢ S

g@ﬁﬁ

1 FTR-Too 342 B F5F LB B0ET 350 00 AR FRCAF P AL 1)

Fig.1 Mechanism of HIF-1a regulating bone metabolism and angiogenesis in bone microenvironment
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