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HIF-102 SmicroRNAsAITE R IHBA R FRE

e kAW uFE 4AE™
(LB T 2B is Rl 2B, _BiE 200438; 2T ITVU KSR B BB, 1M 510631)

WE RIS ZAT A R, B ARM B TSI S BT AR
PO M AT KA T RE L. FIA A, microRNAsS” 2 5.5 B Ap B ik
#9ifdE . R, X TH A5 B T-la(hypoxia inducible factor-1c, HIF-10) &9 #F 5 # & & 3 75 B 2]
BRI, B ATAR % 6 A0 S B e S 4 2 B EAR K A AT AR, 1R AT R A AR
% E BT HIF-1a% 5 microRNAs B Kt B 45 60 FF 5 BB b AT T 1234, 8 /8 B Rath i 5 7 4
YW Aoy b Hk BB KA.
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Research Progress on the Involvement of HIF-1a in the Regulation of
Bone Metabolism by MicroRNAs
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Abstract Bone is a kind of tissue with continuous metabolic renewal ability. The balance of bone metabo-
lism is important for maintaining blood calcium homeostasis, repairing fractures, and changing bone structure to
better adapt to load. Studies have shown that microRNAs are widely involved in the regulation of bone formation
and bone resorption. In recent years, bone metabolism has been gradually involved in the researches which focus on
HIF-1a (hypoxia inducible factor-1a). At present, some relevant cell experiments and animal experiments have ex-
plored part of the regulatory mechanisms, while the complete regulatory network remains to be studied. This study
mainly reviews the research progress of HIF-1a involved in the regulation of bone metabolism by microRNAs, and
aims to provide a theoretical basis for the diagnosis and prevention of bone metabolic diseases.
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FSCRHARR 40 = 5 PR R IR AL B0, R 2R 28 miRNAs EY,
TPt miRNAsHI T e A Ge 520 B 1) 15 AR B g 5l Al
BT . EERR, CEEE AR,
HE 5 S A R 1 R AT

H A, 7EmiRNAsZ 5 & AT 2 1l 72 ot
HIF-1ofE A o 8] 5200 73 B0 S0 5020, miRNAs.,
HIF-1o5 8 AU = 2 (A1 AH FAF F B9 HL 6 5E 2K BT
R, A FEAY 17 HIF-1ofImiRNAsHE [F 2 51
i U SRt T e, B e B AR T 2
B2 W 5 B IR AR .

1 HIF-1e7E &R FHER
1.1 HIF-1a894£ 4% ThEE

HIF- 12 40 i i S0 S 3 o i) B 2, d—A
ANFRE ) o P S ANAR S 1 BV JEZH Bl . HIF-1B1E
REEAFLE, BRI 2 HIF-1adk @ HIF- 105 500
PEB AR M SRS R AT T, FEMRE AT,
T2 Z A0 R R B AR 3 0 B A e b, HIF-
LofE 20 L b Rk B, FL I8 A2 A A R 25 PR 3k 1
i ORI AT G B S AR 7R = e
K [KF (insulin like growth factor, IGF)FIAEKF4 4L
[Al ¥ -o(transforming growth factor-a, TGF-a)%{E A
HIF L R 5 2R 55 & Ja 015 5 4 S eg, i
HIF-103 R 8GN AR 5 OB 4n i s 5l . oAb &5 2R
BRIRE 5 AT 7L 34003 30 I I 37 1 P 2 TC 504 38 40 2
B AT SERPIRES, HIF-1ar i 2, i 5]
— RV G RV SR . BEFR W], HIF-1o) 32
Z 5 E R B 2R CL S E AR S A
AR R, G PR L N AR KR (vas-
cular endothelial growth factor, VEGF)%5 T i A T fi¢
E LA A B, 3 I A ) 5 R A R A . R AE O
F1%) 25k DRI AN A% 42k B 1 52 A 5 26 R R S AR s 5 2R AR
i, LR Wat/B-cateninSs 2 FiE 5 il K R 1%
(EEAMLIE
1.2 HIF-102 58RI

BRSNS, N T IREEE
B PR 56 2 A4 A 1 85 B 7K, Bl 4l B 5 ey
SHMLAH B, S AR BT EE TS BORT B PA4E
R A0 AR BT B AR A
AR BEIR FERAIG, 0] 280 B2 1R AR AR ARG T A AR FL A 20
ZURIHURE , T HIF-1035% 7K P 5 4 o 5800 B e s 55
A, B, HIF-ToB0 N8 %R B ME R

e s R T 28 B, HIF-lar] B F S KAEEH
(bone morphogenetic protein, BMP). Wnt/B-catenin.
Notch Z M5 Tl B8 2 5 & T8 BURMR I %, B
FORI, FEFEE AT T Notch(s 5 4 UG N, HIF-1a
We4H 55N Noteh () SO 3 3, SR4ERF & Fh 410 i
FIARTIRES o IXF Notch M1 HIF-10/5 5 1 % 2 [7]
(1) 7% % & 5 Notch fl BMP/TGF-B/5 5 2 1] (1) i £
KZIEF AL, BMP/TGF-BA5 5 (13807 18 i 41 i
5 Smadl. Smad3-5 Notchff il 4 Bt (Notch intra-
cellular domain, NICD)AH EAE H, %8 & #i% Notchfs
FUe, J53k, BMP/TGF-p£ 5 HIF-1o/E 8 Rl 1
YE MG 2] T 56AE : HIF-1aff)fa e £IA8 B3 55
7 BMP/TGF-3B{ie 1t %8 [ 78 51 T 41 i (bone mar-
row mesenchymal stem cells, BMSCs) ¥ H# 1k FI{E
F04,

Vi) S R T DA o KB R R, TRD I
B 14 % W& % (alkaline phosphatase, ALP)FI'H EZ&S K
4 % F1-2(bone morphogenetic protein-2, BMP-2) 3£
K, LES T I AR R B 18] 78 51 T4 i (mesenchy -
mal stem cell, MSC)[FJ U H /- F29 , B B .
B85 25 0 ALP ) 22 i ok 20T HIF-1 o332 - 3 iy
o,

Al ARG 2 A B A AR BAH JA5 S 1,
METERLRE TG SRR RS (e b B A . AERCE AT
W RIXHIF-0)5, VEGFRIAREZ B, i e )
SRe S, /N BRUSE AR S R HIF-1alhf | /N
EEMECEUD . B RBURGH, R T HIF-10/E 2 R
A RRSEIR BB TR RO ST AR B AR 0 Bl A
FS B T PEE AR T AR AR 0B 4 R TR T RE Y, 771N B
A, 2R R HIF-1035 8 2 5| 52 8
A= A A ) B R R 7 pSTHRR ARG, AT A
AR B AR T, T B0 BRI, e
HIF-1ofE 5 A0 39 58 S o0 R 353G AN AT Bl
EFHR,

HIF- 1 ofE B W7 TR AR 52 W) 6 A7 AE i A
WHILR M, SR HIF- 10851 N2> 7 5 Bk 48
J{9988-2(B-cell lymphoma-2, Bcl-2)33 PR il 30 & 41 i
TE R, (R dE i s, Rk A i 73 B, HIF-1o
VR CTE l 2 Rl B T A SR B e 4
W2, (B2, 55 S5 o, HIF-10dd B2 i
AU O AR A M gl S A Ak, EIFE T RE B
IR
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2 MicroRNAsTE & KB HI1EA
2.1 MicroRNAsEY4EYIZ IhRE

MiRNAs/ " ZZ 5 MEKE , MEER, L&
R A HEEE . TSN EE R . MIRNASTE
RNWVRPE T8, & SRl AR 2 1 v i oG
PR P AR N 8 A (ribonucleoprotein,
RNP)E G 1) — #8535 HAh W) R 531 — A B
RNAVTER 5 T & A& (RNA-induced silencing com-
plex, RISC), REBZ I NUFEEA 1214 >, MiRNAs
YR R R FRIA I 3 27 O Argonaute £t H 51 F
B FH %15 i RNA(messenger RNA, mRNA)H ] B h
K75, 8 PR mRNASK I 3L R ik, i — Ay
AN R B PO, MIRNAsA 5 ) £k 7 i
S L AITIREZKSF 52 BVF 2 R Z s, Tt
mRNA ) FRIE [FIFEAE R AL BN a8 314
RNA N T AN 2 P K 0355 77 T 52 2 miRNAs 1)
I,

2.2 MicroRNAsZ 58 KiaEIE

WFFUE L, miRNASTE 5 H 20 R0 A% B 41 A 1)
AL R ThRe I A L EAE A B AR AR T,
miRNAsHE L 575 2 T 80E B AU 5% 1 & 4 K
J& P71, MiRNASsHENS 1F [r) B A7 ] 42 B i 78, n
miR-181a/b-1. miR-19b. miR-965%if ik PTEN/PI3K/
AKT. PTEN/PAKT/Runx2. Wntif B i3k i B 40
5 K, miR-378. miR-148b-3p. miR-34a.
miR-29b-3p%% £ Fh miRNAsHR v 1F 9 BB 1F 18] 4%
FAEF PRBAAAE « B Sk IR BE L S e o A S AR
PEE KRR TR R FERR AR F 522 A — 3 miR-
NASTE S E I R o o2 B i B R E L, L
IImiR-23a. miR-9-5p. miR-1297F1 miR-204%53E L
B BMP. Wnt55{5 5 3l B 400 5 A 18] 78 o1 2
(periodontal ligament stem cells, PDLSCs). BMSCs/t]
e 43 ; miR-1553@L [F 25 AMPK. Wit 4415
T R A AR B A S B RS H TR
AN miRNARE T 2 MEEER, FrbA, A —miRNATER
A 2 RN E R, B AR IA ) miR-
223 TT YRk B A A i, L BB 2 RS A R P 3
A5 T miR-223 15 F 3K WA (2 2R i 40 M 23 Ak 541
] B 23 R R A R L,

3 HIF-102 5microRNAs% &L 5 I EE
A 4 X i R AN B G A R R R

J& miRNAs % 2% 295 B AR P R (1 52 Rl K 22
— o AW A IE I AR R AR ) R s TR T A A
TargetScanHuman(v7.2, Whitehead Institute for Biomedi-
cal Research, http://www.targetscan.org/vert 72/) il
HU I % HIF- 10 miRNAs, & 3 A] G880 A4 F T/
f HIF-1a/1) miRNAsH & 201, Rl A M /EH 1K
fR HIF-1a) miRNAs>A 13/, #E[a/E -+ A HIF-1a/)
miRNAs N 174", XL miRNAs) 72 & 54 ariGsh i)
FREYELRE . Hd, miR-199-5pF1 miR-155-5p%F
%/ miRNAs#HS il ¥ ) /E H T LA_E 30 R0 ¥ HIF-10.
HWFFCIRIE , HIF-1052 miR-199a-5pf)—/N#E i, Rl
miR-199a-5p ] ## ik HIF-10-GSK3B-mP TP {4 L
PO A T B T miR-155-5p 5 A
YR, 12 AR A HIF- 102 5 10T,
miR-155 W] J1 1A 15 200 B P P R Wi T E KBS
BSR4, miR-155-5p A NHIF-1o) % 5, B
SRIE—EFLSE _E P hBMSCsRIHEFERE 17, (HEI{LHE
HoReE AR P,

H #, HIF-1a2 5 miRNAs# 42 5 8 8 {46 2%
TR eI LA GR L), Herh BB 70T 3RAT
Mz . WHLE B, miRNASYE &40 i Rl R
25 rh AR 2 RS T OSBRSS A G
W IC AR R

LEE% Pl BMSCsTEAR A T I FR)E, KL
N AN N s AR b NS = g 1
BeE L5 ; qQRT-PCREE SR Bk, HICHE T
FIETW, G50 B HALHI AT Be 2 B T B ECIRAS ik
T RCE R T A R R Rk, AR R AR )
(ALPAHI Runx2) A% M A Rl B AH OC 2E B] (BMIP-2) 3
BN, BARNLHDE FdE— P05 dhah, A
miRNAs )73 & W], SR 4% HIF- 1o miR-155-
SpiE mRIk, BARZHE LI AR HIF- 1o TmiRNAs
(AR Ak 5 R R RUUSE (AR B 26 RIBE R R AT it e,
HEX N 5 R BB TS24k 17 07 1) 9% T MiE R X 4
2 JE B G R E 52 1 A e B, HIF-1as2 8 3
TG BCE A1 B VEGF #5525 IV A2 BORH i 1)
R T, B M HIF- 1081 VEGFI R AR
MEBER 17B-ME % (17B-estradiolum, E2) 545 K7 &
IR (B ; BF FLIE I, miR-2107E K B BMSCs
W Rk I3 VEGFAE BMSCsH (1 3% 5 il 4>
1k, H B HE KT HIF-105 miR-2 1008 fe &30 — 5, i@
I BMSCsH' VEGF 1) 235 F R 7340 AT FE £
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#1 HIF-1025microRNAsTHIEE KRG HIZTE
Table 1 HIF-1a participates in the regulation of bone metabolism by microRNAs
MicroRNA % FEARIR ik EE BN
MicroRNA name Sample resources Description References
miR-340-5p hMSC HIF-1a, promote osteoblat differentiation [39]
miR-497-195 cluster Mouse endothelial cells HIF-1a proteint, promote type H vessels formation [15]
and osteogenesis
miR-210 Broken bone specimens and osteoblasts; HIF-1a1, promote angiogenesis and osteoblast prolif- [40-41]
BMSCs eration and differentiation
miR-155-5p hBMSCs HIF-1a], enhance osteogenic and chondrogenic dif- [38]
ferentiation
miR-675-5P hBMSCs HIF-1a1, promote osteogenesis [42]
miR-31-5p hMSCs HIF-1at, inhibit osteoblasts differentiation [43]
miR-21 BMSCs HIF-1af, enhance osteogenesis [44]
miR-20a RAW264.7 mouse macrophage cells HIF-1a], trigger osteoblast commitment [45]
Mice osteoblasts, BMMs Inhibit osteoclast differentiation
miR-34a-5p Human osteoblast cells lines HIF-1a1, inhibit osteoclast formation [46]
miR-20b Osteosarcoma cell lines MG63 and U20S ~ HIF-1a|, downregulate the VEGF pathway proteins [47]
and suppress cell invasion and proliferation rate
miR-543 hFOB and OS cell lines (Saos2, MNNG/ Stablize HIF-1a, promote glycolysis and cell prolifera-  [48]
HOS, U208, and MG63) and HEK293T tion in OS
miR-143-5p Human OS tissues and the corresponding HIF-1a|, attenuate OS cell invasion and angiogenesis [49]

paratumour tissues; human OS cell lines

(143B, HOS, MG-63, Saos-2, and U20S)

and the normal human osteoplastic cell
line NHOst

11 RILICET R L RIS

1: up-regulation; |: down-regulation.

MR B Z TSN 4L 5 B TUBRAARE R P
YEF 1, 48 HIF-1a'5 miR-210/ 3 — 51 5 o SUN
#[4”7;@” miR-2107E G UG N B HZAAIMG-63 8
JET 4 it 25 oP 28] DI R HIF-1a ) 5 3 F i, feg&ai
%Jﬁk%éﬁﬂﬁ@dﬁtﬁﬁﬁ LIGFE . 59 M OCHE AR
W], miR-497~195#%38 ik 4E 45 A K2 4 il Notch Al HIF-
1o R [ 9t P SR AR 8 22 4 /) BRI 57 T2 4 i i e
FE R USY), EL 50 Wat/B-catenind 538 4% 1) 305 7T LA
1 BMSCsHI #7304k, 1M f-cateninsg miR-340-5pH]
B 2 —, SE AN N MSCHIERIE 52 B #H] 1)
miR-340-5pfiip-cateninZK-F- b Ft. [AlUtL, SRE I HIF-
Lok S 234k IR 52 T S 1 5 WL B2, COSTA %S 142 EI‘J
VI E A AT R B, B4 miR-675-5p n] Be i 4
B HIF-1 05 3 AE00E Wnt/B-cateniniE 1%, K5 3 &
FLI073 T HLEME HE hMSCs i i A k. 5B it
FHE EY] , HIF-1052E miR-31-5pRI4ERE R 22—, [F]
i /2 MSCsE 43 1L 15 S 77, miR-31-5p2RiA 1)
AT HIF-102 18 34 0, 33F 17 il &K hBMSCs R 75
1, B 7T £ W, miR-2138 13 PTEN/PI3K/AKT/
HIF-1 00 22 EBMSCs 1 B8R 734 M T A2 23F 6 ] 368

G AR,
%} EEHIF-102 5 miRNAsE #55 AR b B TE B
5 THIAF 6 =0T (9 F 98 A% AR, miRNAsi i HIF-10
B IR ORI S AR B A Bk = o A PR SE R 6 T
miR-20a7E A% SN T 7E 5 1 Wi AH G Rl B 40 i 4y
b A (4 L, $27RHIF-10/miR-20a/ATG 16113 75 %
AT BB AR R A5 T A A0 M 2 A T LAY AR,
¥ E] 1Exﬁu\jaﬁizﬂéﬂiﬁ’@HIF-1aE%%£ TEFHIL-33%
ik, TL-330 J5 i i miR-34a-5p/Notch 13 42 /F F T8
BHEAE 7 41 9 (bone marrow stromal cells, BMMs), fz£¢
R 00 PRI A RO {E DL AN S5 A A Al i
SIS I SRR, 38 T BN AR IGE
Ak, HIF-1af miRNASTEH B8 (1 & Ak
Je Tk 8 H (4 FH 32 A I 0T e 88 400 A o AR RS
SO DRUONE T RS I T AR A R A, DRI I g
4 2 Hp I A BT B R B R R ARG . LIUSE T
(r4h BRI, miR-20b1 1 FRIA T HIF-10R 1A, 4k
M N VEGFRIZRIE, M & K8 (osteosarcoma,
OSSR BRI . Jo SEWE S HE Y, HIF-1al5
miR-543 2 [8] (¥ B AH 5 Bl T 4E 47 HIF- 1o F2 €
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4271 miR-543/PRMTO/HIF- 1 ol 4 [7) 45 B2 fift i 42
Al HES& — PP TE AR B OSHI I If1 A 7 SR g 8. 5
—ILOSAH R W e 4 KW, Wntl 5 T 115 518
%55 1 -1(Wntl-induced signaling pathway protein-1,
WISP-1)if it 4% FAK/INK/HIF-10/5 51 4 A1 K
miR-38 1 A KA EVEGF ) 23 A 8 A4 5l i
TR, K8 AES S RNA(long non-coding RNA, In-
cRNAYZ 5 T 1% B FE 1145 , IncRNA TUG1
N miR-143-5p ) IR 14 75 4 RNA, 1005 miR-143-
Spit HIF-1off#0IE A, B TUG L@ id miR-143-5p/
HIF-10i& 42145 OSHE 2 ), B HIF-1o. miRNAsA!
B AU A AL 7 ZEIR AT AL Z A5, IncRNA
P HR AR F I v A 3 (i 9875 1)

4 NESRE

HIF-1of/E A 20 i o Y50 S B i 5 IR 7, % 4
Iz RS S AE AR 2%, (R /EmiRN As %
HAARU S AR R E B . 5 LEA k4
JETF I B 254 F miRNAsKHEAC B R T, ©
28R4y 487~ THIF-1a5 —$miRNAsIL [ 2 5 F5 X
R 32 0V T AL, I B RT O R B R RE S AR
PRI R HE— PR TR B IR TT SR

SR H AT 9% T miRNAsI# i HIF-1aif 25 AR 15
(RRIE T 45 S, R0 43 AR 8 i AR (B % BT T,
5 BB WO B T R > 2 b, S 53 Tk 9
ZHPSER IR . Sh Ak, AR P A — AR
WR AR, R, HE B W24 TR AL
FIE F5 i — B HURE 7 FAE S S e .

BE Bk (References)

[1] CHOUDHRY H, HARRIS A L. Advances in hypoxia-inducible
factor biology [J]. Cell Metab, 2018, 27(2): 281-98.

[2] MOTYL K J, GUNTUR A R, CARVALHO A L, et al. Energy
metabolism of bone [J]. Toxicol Pathol, 2017, 45(7): 887-93.

[3] STEGEN S, LAPERRE K, EELEN G, et al. HIF-1alpha meta-
bolically controls collagen synthesis and modification in chon-
drocytes [J]. Nature, 2019, 565(7740): 511-5.

[4] BARTEL D P. MicroRNAs: genomics, biogenesis, mechanism,
and function [J]. Cell, 2004, 116(2): 281-97.

[5] EFEL, fi30iE, DkNRl, 25 miR-455-3p#L i HIPK 2%
e B BRI i 6 B S AN E O 0], b B TR
(KUANG J B, SHEN W J, MAY G, et al. Effect of miR-455-3p
targeting HIPK?2 on proliferation and apoptosis of osteoblasts in-
duced by high glucose [J]. Chinses Journal of Tissue Engineering
Research), 2020, 24(11): 1641-6.

[6]  Afh, FhEF, SKIEME, 5. c-fosTEMA R 4L 746 P (¥4 F Bl

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

HILI]. IR R s B 2 24 5 (ZHU W, SUN Q, ZHANG B R, et al.
The role and mechanism of c-fos in osteoclast differentiation [J].
Journal of Clinical Stomatology), 2019, 35(1): 3-7.
PENZKOFER D, BONAUER A, FISCHER A, et al. Phenotypic
characterization of miR-92a™ mice reveals an important function
of miR-92a in skeletal development [J]. PLoS One, 2014, 9(6):
el01153.

KAELIN W G, RATCLIFFE P J. Oxygen sensing by metazoans:
the central role of the HIF hydroxylase pathway [J]. Mol Cell,
2008, 30(4): 393-402.

LIHS,ZHOU Y N, LI L, et al. HIF-1alpha protects against oxi-
dative stress by directly targeting mitochondria [J]. Redox Biol,
2019, 25: 101109.

LEE J W, BAE S H, JEONG J W, et al. Hypoxia-inducible factor
(HIF-1) alpha: its protein stability and biological functions [J].
Exp Mol Med, 2004, 36(1): 1-12.

GU Q, GU Y, SHI Q, et al. Hypoxia promotes osteogenesis of
human placental-derived mesenchymal stem cells [J]. Tohoku J
Exp Med, 2016, 239(4): 287-96.

KHOSLA S. Pathogenesis of age-related bone loss in humans [J].
J Gerontol A Biol Sci Med Sci, 2013, 68(10): 1226-35.

ARNETT T R, GIBBONS D C, UTTING J C, et al. Hypoxia is a
major stimulator of osteoclast formation and bone resorption [J].
J Cell Physiol, 2003, 196(1): 2-8.

SATHY B N, DALY A, GONZALEZ-FERNANDEZ T, et al.
Hypoxia mimicking hydrogels to regulate the fate of transplanted
stem cells [J]. Acta Biomater, 2019, 88: 314-24.

YANG M, LI C J, SUN X, et al. MiR-497 approximately 195
cluster regulates angiogenesis during coupling with osteogenesis
by maintaining endothelial Notch and HIF-1lalpha activity [J].
Nat Commun, 2017, 8: 16003.

GUSTAFSSON M V, ZHENG X, PEREIRA T, et al. Hypoxia
requires notch signaling to maintain the undifferentiated cell state
[J]. Dev Cell, 2005, 9(5): 617-28.

OISHI S, SHIMIZU Y, HOSOMICHI J, et al. Intermittent hypox-
ia influences alveolar bone proper microstructure via hypoxia-
inducible factor and VEGF expression in periodontal ligaments
of growing rats [J]. Front Physiol, 2016, 7: 416.

STEINBRECH D S, MEHRARA B J, SAADEH P B, et al.
VEGF expression in an osteoblast-like cell line is regulated by
a hypoxia response mechanism [J]. Am J Physiol Cell Physiol,
2000, 278(4): C853-60.

WANG Y, WAN C, DENG L, et al. The hypoxia-inducible factor
alpha pathway couples angiogenesis to osteogenesis during skel-
etal development [J]. J Clin Invest, 2007, 117(6): 1616-26.
SCHIPANI E, RYAN H E, DIDRICKSON S, et al. Hypoxia in
cartilage: HIF-1alpha is essential for chondrocyte growth arrest
and survival [J]. Genes Dev, 2001, 15(21): 2865-76.

BOZEC A, BAKIRI L, HOEBERTZ A, et al. Osteoclast size is
controlled by Fra-2 through LIF/LIF-receptor signalling and hy-
poxia [J]. Nature, 2008, 454(7201): 221-5.

MA Z,YU R, ZHAO ], et al. Constant hypoxia inhibits osteoclast
differentiation and bone resorption by regulating phosphorylation
of INK and IxBo [J]. Inflamm Res, 2019, 68(2): 157-66.
HULLEY P A, BISHOP T, VERNET A, et al. Hypoxia-inducible
factor 1-alpha does not regulate osteoclastogenesis but enhances
bone resorption activity via prolyl-4-hydroxylase 2 [J]. J Pathol,
2017, 242(3): 322-33.



555 HIF-103 5 microRNAs A H1HRIBT 702 8

1857

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

BARTEL D P. Metazoan microRNAs [J]. Cell, 2018, 173(1): 20-
51.

MOHR A M, MOTT J L. Overview of microRNA biology [J].
Semin Liver Dis, 2015, 35(1): 3-11.

SCHIRLE N T, SHEU-GRUTTADAURIA J, MACRAE 1J.
Structural basis for microRNA targeting [J]. Science, 2014,
346(6209): 608-13.

BRIk, e, kg, & 4045 BUGAAAE 72 57 microRNA
Rk S LR B [)]. T4 E(HUANG D G, HAO D J,
ZHANG F, et al. Differentially expressed microRNA and target
gene analysis in patients with postmenopausal osteoporosis [J].
Chinese Journal of Trauma), 2019, 35(11): 1038-43.

ZHANG B, L1Y, YUY, et al. MicroRNA-378 promotes osteo-
genesis-angiogenesis coupling in BMMSCs for potential bone
regeneration [J]. Anal Cell Pathol (Amst), 2018, 2018: 8402390.
SUN M, HU L, WANG S, et al. Circulating microRNA-19b iden-
tified from osteoporotic vertebral compression fracture patients
increases bone formation [J]. J Bone Miner Res, 2020, 35(2):
306-16.

MA S, WANG D D, MA CY, et al. microRNA-96 promotes
osteoblast differentiation and bone formation in ankylosing spon-
dylitis mice through activating the Wnt signaling pathway by
binding to SOST [J]. J Cell Biochem, 2019, 120(9): 15429-42.
MOLLAZADEH S, FAZLY BAZZAZ B S, NESHATI V, et al.
Overexpression of microRNA-148b-3p stimulates osteogenesis
of human bone marrow-derived mesenchymal stem cells: the role
of microRNA-148b-3p in osteogenesis [J]. BMC Med Genet,
2019,20(1): 117.

ZHENG H, LIU J, TYCKSEN E, et al. MicroRNA-181a/b-1
over-expression enhances osteogenesis by modulating PTEN/
PI3K/AKT signaling and mitochondrial metabolism [J]. Bone,
2019, 123: 92-102.

ZHANGYY, LI S, YUAN S, et al. MicroRNA-23a inhibits osteo-
genesis of periodontal mesenchymal stem cells by targeting bone
morphogenetic protein signaling [J]. Arch Oral Biol, 2019, 102:
93-100.

WANG Q, WANG C H, MENG Y. microRNA-1297 promotes the
progression of osteoporosis through regulation of osteogenesis of
bone marrow mesenchymal stem cells by targeting WNTSA [J].
Eur Rev Med Pharmacol Sci, 2019, 23(11): 4541-50.

MAO Z, ZHU Y, HAO W, et al. MicroRNA-155 inhibition up-
regulates LEPR to inhibit osteoclast activation and bone resorp-
tion via activation of AMPK in alendronate-treated osteoporotic
mice [J]. IUBMB Life, 2019, 71(12): 1916-28.

XIE Y, ZHANG L, GAO'Y, et al. The multiple roles of mi-
crorna-223 in regulating bone metabolism [J]. Molecules, 2015,
20(10): 19433-48.

LIU D W, ZHANG Y N, HU H J, et al. Downregulation of mi-
croRNA199a5p attenuates hypoxia/reoxygenationinduced cyto-
toxicity in cardiomyocytes by targeting the HIF-10-GSK3B-mPTP

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

axis [J]. Mol Med Rep, 2019, 19(6): 5335-44.

LEEJ S, PARK J C, KIM T W, et al. Human bone marrow stem
cells cultured under hypoxic conditions present altered character-
istics and enhanced in vivo tissue regeneration [J]. Bone, 2015,
78: 34-45.

DU K, LI Z, FANG X, et al. Ferulic acid promotes osteogenesis
of bone marrow-derived mesenchymal stem cells by inhibiting
microRNA-340 to induce beta-catenin expression through hy-
poxia [J]. Eur J Cell Biol, 2017, 96(6): 496-503.

LIU X D, CAIF, LIU L, et al. MicroRNA-210 is involved in the
regulation of postmenopausal osteoporosis through promotion of
VEGF expression and osteoblast differentiation [J]. Biol Chem,
2015, 396(4): 339-47.

SUN G, PENG H. HIF-lalpha-induced microRNA-210 reduces
hypoxia-induced osteoblast MG-63 cell apoptosis [J]. Biosci
Biotechnol Biochem, 2015, 79(8): 1232-9.

COSTA V, RAIMONDI L, CONIGLIARO A, et al. Hypoxia-
inducible factor 1Alpha may regulate the commitment of mesen-
chymal stromal cells toward angio-osteogenesis by mirna-675-5P
[J]. Cytotherapy, 2017, 19(12): 1412-25.

COSTA V, CARINA V, CONIGLIARO A, et al. miR-31-5p is a
LIPUS-mechanosensitive microRNA that targets HIF-1alpha sig-
naling and cytoskeletal proteins [J]. Int J Mol Sci, 2019, 20(7):
1569.

YANG C, LIU X, ZHAO K, et al. miRNA-21 promotes os-
teogenesis via the PTEN/PI3K/Akt/HIF-1alpha pathway and
enhances bone regeneration in critical size defects [J]. Stem Cell
Res Ther, 2019, 10(1): 65.

SUN K T, CHEN M Y, TU M G, et al. MicroRNA-20a regulates
autophagy related protein-ATG16L1 in hypoxia-induced osteo-
clast differentiation [J]. Bone, 2015, 73: 145-53.

KANG H, YANG K, XIAO L, et al. Osteoblast hypoxia-induc-
ible factor-lalpha pathway activation restrains osteoclastogenesis
via the interleukin-33-microRNA-34a-Notchl pathway [J]. Front
Immunol, 2017, 8: 1312.

LIU M, WANG D, LI N. MicroRNA-20b downregulates HIF-
lalpha and inhibits the proliferation and invasion of osteosar-
coma cells [J]. Oncol Res, 2016, 23(5): 257-66.

ZHANG H, GUO X, FENG X, et al. MiRNA-543 promotes
osteosarcoma cell proliferation and glycolysis by partially sup-
pressing PRMT?9 and stabilizing HIF-1alpha protein [J]. Oncotar-
get, 2017, 8(2): 2342-55.

YU X, HUL, LIS, et al. Long non-coding RNA Taurine upregu-
lated gene 1 promotes osteosarcoma cell metastasis by mediating
HIF-1alpha via miR-143-5p [J]. Cell Death Dis, 2019, 10(4):
280.

TSAI H C, TZENG H E, HUANG CY, et al. WISP-1 positively
regulates angiogenesis by controlling VEGF-A expression in hu-
man osteosarcoma [J]. Cell Death Dis, 2017, 8(4): €2750.



