Advances in Clinical Medicine Ifi/REE2£3E /R, 2025, 15(9), 998-1004 Hans XM
Published Online September 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.1592585

miRNABE FHERE - BE T ER
2 BB RTE RFEARE KBRS

BRET, FHRE
RIATHR BRI E 2 BRBe R0 — R, BRI IR /R

Wk H . 20254F8 H15H; A HEM: 20254F9H8H; KA H: 2025494 17H

HE
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Abstract

Osteoporosis (OP) is a systemic skeletal disease characterized by reduced bone mass and damaged
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bone microstructure. The core pathological mechanism of osteoporosis lies in the imbalance of bone
homeostasis, that is, the dynamic balance between bone resorption and bone formation is disrupted,
leading to decreased bone mass, degradation of bone microstructure, increased bone fragility, which
seriously affects human health. Recent studies have shown that microRNAs (miRNAs), as a class of non-
coding small RNAs, have become key molecular switches in bone homeostasis imbalance by regulating
the differentiation, function and interaction of osteoblasts and osteoclasts. Their bidirectional regula-
tory ability makes them core coordinators of bone homeostasis. Meanwhile, by integrating classic path-
ways such as Wnt, RANKL/RANK/OPG, and BMP, they form a multi-dimensional regulatory network to
improve bone homeostasis and thus prevent bone metabolic diseases. This article summarizes recent
relevant literatures and reviews the research on miRNA regulating the differentiation of osteoblasts
and osteoclasts and the regulation of bone remodeling by classic signaling pathways, aiming to provide
targets and pathways for improving bone homeostasis.
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1. 5]

B R B A FE(OP) & — M LA S AR AN 1 2L SO0 45 IR AL 9 RFAE R 4 B PR B0, AT S 880 ik
BT S5 RN 1] o - BRBRAARECE A ERE W N 1 R 1) B0 5 IEAERG N, P R AARE (1) P8 AR AE
HERUE R SR ER B MG YT (2] B BRBAME & BRI A JL P A v 8, Semsg it 2 12 03],

HEAE NG ENASHL, ERAE— A PORWrE g, 38V A B 4 M A 5 B IR SOR T B A
N SFHERRM AR ER[4], BRESE RS E A RS ERGERE &, AR
BNASIPHETIRAS o BCE 20 TR R I B BRI A 20 PR B SO B B A B T B S AR, B RS THTTE S M
HHR R FEETRE RS, BUEE NEMARR. FREIMTHEER, HMERTZ 5 HERIRE
Ak, X P AL O B AA R X — 4 B M O [2]

miRNA (F/MZFEZIR) & — 2R W IRME I AEmID BEE RNA 2T, KEZAR 18~22 MR, @Eidh
FLE mRNA I EANT A &, RS e/ iR RIE, 25200 AR BRI RY, AR
FSE5E . Ak, TTSER(S]. BRSRER 2 MIEPE R A, RAEALAE I v] BB AR I8 AL AR ER R 3 5 1 S AL
FIE AT RS 2 () R R E LA, T/ RNA (miRNA) DR IE B 2 26 MBE R 5 7, 73k i R 30
SR B B AR LE P ¥ 22 Bl AR i 12 v R 35 76 B AR R (6] miRINA 38 3 1428 R 4t e AN A 240 B 1 43 £
LIhig, HmE R shA T . A, miRNA I8 RS 5@ v i e 0 inisng . 1. %2
WS, KNS 2 A S SIE RS I, RS B R AP

2. BRSHZOHEE —miRNA
2.1. pEERSHE HRERESTE

AR AR B T A 0 RO AR L B T B TRV P R A 5 1), T
PTG B B XA, HORE RN R AR T 1) TS B AR, TR A SRR
Tk R, A ST AT AN, BlE A 50 5T 25 BR A A B TS ALK

ik
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G341 BCE AHMIAM IS B 5 2 T B 0T B E B TR B R AL CAE R, T L I ) DR A R R A
AR AT S AR s, SECERIR[7], BEE 4E Lt I A R AR (H) ATP B VO S5R9380) d2 TEAY
(Atp6v0d2). F#MAEES) 3a. semaphorin 4D BX, microRNA 2545 50 B 40 MO 11 B4 8] BB 4 it 4 5
LA E R, BE AR TR B T . AT, WO R FR RS E , 4EREE AT B ST .
SR, A PHTRAT RS, RSSO DRk S, B R AR B AR, Wi R AA TE

2.2. miRNA 3R 4R L S ThRERYBIE

{RE miRNA AR B miRNA

A 5 R R R 2BV % SR A #57R miR-31a-5p 7E3E 2 H BECA S T s 308, Gl I A b4 g 4] e &
o, BRI R SATB2 A1 RUNX2, FEUHTE R 1. miR-31a-5p {F %L AH K& BEEA S 1)
B, R SR G IR AR AL, RTREAE NS 3 ORI TR AN RE IV TE TR T A5 [9].
WL R 2K %75 B S B R @ m e mi R B A BRI B =5 510 DOP /M BRUSAY H R B miR-702-
Sp EEPEAEE FRAT S, A E R E A OGN, lf RUNX2 Al ALP iGtE, FHASRCE 400 1 Ag
JE i miR-702-5p/OGN/Runx2 fili, /i35 T 00 SR BEAG[10]. — IUBEHLT HE I8 vPAG 26 B i 0
M3 miRNA 7K RIS, 55125875 microRNAs (miRNAs). 548 2 Al &, W58 &K miR-
133a-3p TELALE 5 B AA i A6 387 1002 Y2 3 v 3R , SR B 74 s vh 24 26 B (Y GD)idE i F # miR-133a-
3p, M0 PI3K-Akt F1 FOXO i@, B ACH[11]. miR-214-3p fEM B4t &2is, @i i) TIMP2
(et EIE AT, IRIECE R Ek, FHE i E R giig . miR-214-3p v LUERE#E ) TIMP2 SRAEHHCE T
HEEE, MR ST R IR E[12]0 2K B A EATR ORI ZR bR B2 2 kil 5 A 1 5K B R s
B = 2R D 7T A R B miR-214 768 FBis B B A h BET R, SHERAASE, B gl sh
WA IS B R A, PSS miR-214 FIFI AT k3 5P DI/ BRI TS A & 12,
M5 HMBAR miR-214 /KPR 8 R S Wibr &4, taT DUEEEPEHL R 1 e 40 DR 13]

2.3. miRNA S E4EN S T RILEBE

{E@ B miRNA F{EFHE miRNA
Th % % 8 KA BRIE 24 B R I miR-34a-5p ok 3R vl W0S  w 2 M A [0 s 0 ) A R )

Notchl/TGFB % . AAV BRI miR-34a-5p 2 AN, 5350 &% £ (BMD) H o H 5,
7R T HE A tAAV A5 1) miR-214-3p 58 miR-34a-5p M~ & —F IR BT 67 B BN IE R8T 7
B, RIS BRE TXT AR AR AL LA R N[ 14] . 1 AR B 2580 98 R B4 22 ik il ik 11 miR-19a-5p ke
MEB R Z B £ R, #7R T miR-19a-5p #EH RAEK T IL-17A, HIBE Sk, RWELRELSEE
SRS ER[15]. FFFEN BRI OF o miRNA-mRNA M4, 37T hsa-miR-32-3p/TNFSF11 i i & 4
FTHBER FAM . 45 5 R B miR-32-3p (K14 S TNFSF11 (RANKL)TF &, s 6B ik . B Rigii
PR T B IS T miR-32-3p WE MK, 5EFEAMIC, R TS 50 M RE TS, 8 OF ¥
ST IR ULV AERE S [15]. E ek 55 NAEWE B2 DR M & BB AR (GIOP) i Hh R I circRNA_0006393 T fft
miR-145-5p, kR HF FOXO1 W], et pef 2Rk, Mmiizimeg T i, %58 cireRNA AIKE
HIEH[16].

3. miRNA NS E - BEWEREE
3.1. E9ihigiE
Y R P A PR R M T, R BRI IR AE R T . B T 7S A AR
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UESERCE AN G| 5 7 B A0 M W, R R 2 1D VI 0 2 B A 0 PR S ) 40 D Ak 2 A B A
DR A IR e 2 1 BB AR T R 17 $a i & 40 B Y miR-214-3p A A Re 2 & T B/ #H O
TR I —FRIGTT SR o AR IE I 55 58 microRNAs 12 32 A 7 40 i A BRI B FROAE ELR T, AT s A2
o N TIRZRATIEINZ NP 75 B T 8% microRNAs A1 5 HL 41 Jfa 18] 5% 8% SR AR 1 56 98P, 9k
J% BB 78 37 microRNA A 4M WA A B ) 1 A2 81 SR> T7 i, A8 M 28 L W00 i Al . B1/2-
AR—>cAMP/CREB i@, L iAAMNGA miR-21 FFidi% B M AT R4, Mok, WiER 738 s
RLEIREN SN AR microRNA SEA LA T2 B ARAS, FA BT 87 AT (1 SRIE SR /O BRSO 1B i
5187,

3.2. WERIEML

TEH IR, miRNA i = EZH N SR - B EAE: 40 E EiRE. HriEs &
WA IME S o X EEHLRI L ER B T B0 “ XML, 5P S A I A S L e ) R AR AR, sk
B a5 B A 190 8 — BAE 20 1) miRINA. X i) 1 42 W) 2% (14 2 2 /2 22 i 2R GEJ A% Lol B AL
TR RBUAARE A, S P SR A7 2R B A A B 40 335 2 38 5 5 Rl A P T R P PR SRR R . S S M A
A A A miR-214-3p I RIE, WL AMNBIRFERS 2 A A AN ATFS AR RIS 4 miR-34a-
5p L A#IH] Notchl A0 F40M0 R EHT, FEUNE QMEE R . X P “EST S A5 RE TR
FIEE K1) 30%~50%, TERICRIGINZ) 80%, & SFEOHATIE ER . RRVFAHRE TR $IE
RGAb IRITI AR AL A RS, HED) miRNA Y42 W28 I BERIIT 5T [ I R A3 ik

4. ZH(SSBEREPE miRNA BIERLE
4.1. Wnt/f-Catenin jBJ§

miR-214 1 [ % Wnt I8 , 17 f-catenin mRNA HJ151] B0 3 . OVX K LB 8 8] 78 i T4 f2(BMSCs)
H miR-214 KA T+ &1, BUB 7 GEE ST R %5 i B2 i@t i miR-214, #0% Wnt3a/B-catenin/LRPS 4,
T B RE 40% [20]; IGARFEAER OP B MG miR-214 /KF55 AR EYI(OCN, ALP) R FiAH %
[21]. miR-21 IEJAIH4E Wnt 3B, #H PTEN(PI3K/AKT 8 3| K 1) A 223805 f-catenin. OP FEHL/)\
B miR-21 LR IA T $ETF f-catenin A Runx2 K /KT, B E LR 45, MR miR-21 W& &7 2%,
TS AR PEAE FH[21] X test B BoR B EAE S, B0 Wnat S8, sC5HE8E TR T
A1 (BMSCs)H miR-214 K, Jy OP JRIT R AEHT 714 .

4.2. RANKL/RANK/OPG &3

B RSB RN % 5E ) miR-17. miR-20a/b. miR-106a/b. miR-93 fJ 4 & 14| RANKL mRNA
BV, PR E A0M G . I RIAIXEE miRNA F4{% RANKL & [F/K T, $2H OPG/RANKL g, 30
B TR A (OP)E A, i@ CRISPR/Cas R 4GtiHi% miR-17 FKik, 1k Sfk St 25W(anih & FP)
(AR B R FE5RIVE o F B T4 A A i A 35 71 () miR-21-5p J8id {23 RANKL 5 OPG 454, B4
b, (AR E A . MR T4 AMBAA T ) let-7b-5p BhEFMH] RANKL, A&, T8 Bk
TR IT[22].

4.3. BMP/Smad @&

PV 1 5 0B (CRF) ML F5 AL AL b, 3R 1% N miR-30b/c, fifERILXT BMP2/Smad1/5/8 i #% () #01
#], S8 Runx2 FiLThe, AEHEME T UL4EI(VSMO) A i BE A M55 434 . N BMP2 40141]57(LDN-
193189) 1 L miR-30b/c, B/ EUTAR o T kNI SE ARSI SEZEGUESE, 1% IA miR-30b/c 7] [£{i% p-Smad1/5/8
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1 Smad6 & HKE, BHWTECE 7346 [23]. miR-378 #[a] Traf3, #iE NF-xB {55 (p65 &AL NIK/p52 I
W), PR E 40 AR EXI(TRAP NFATc1)KIA . i@ik TGFA/Traf3/B-catenin Fi#1f] Runx2 Fl OCN,
WG . I8 PIBROVX)/NRBAH, miR-378 i FIA FECE /NREEE(Tb. Th)FEK 37.5%,
P miR-378 1@ EEIRIT PR B 45 #[24]. #7R T miR-378 JHiL ¥ Traf3 ¥iG NF-«B 155 @ B2t
B A 534k, [RS8 IS TGFB/Traf3/B-catenin Fli ] g /E F X LS. BT miR-378 189l E 6T
AT 3 G O L D) BR(OVX) BB i s M5, O OP 1297 S i pi

5. miRNA B RIS 587 PR LEN
5.1. RHATERNISHE D

B e R RS BT, fEF miRNA 7E8 S BRI R R Rk, TSR
F NGRS, Ty e ARG S SR AN (0] & o OO e RIS s S BEVEAY, REE
miRNA W] X 738 G RA WA, dnga2e Jm . BB BOsR V8 2 28, JF s i Fe HoiRas A Bh il &
Proszo BEAMEGIERENE, Mgl B AR S, & T R & 5 KBTI [25].

5.2. FHAERERRTED

e miRNA ZHE AT, . miRNA W] RN R s - B 25 s, W0 miR-29b 1l
Wt GEBEFETUR TR FE RS A BT, MO A IR PELE], B Gt G 250 WOSURE R £ 3L EE 41
il A FH o 30 T B 1 200 77, 55 70 WAL 24 T L T SR B B B T R4 R SL A BRI Y » SR T RO 26 -

ST F 2, miRNA E Y H e m T 7, A28 g AR L AT 2 R R KL
T HIER R SBo —E AR 0, s BB AA RS HE BT RO R AR Bt TR I BIE 9T 77 1 o 712 W S H D7 1
A miRNA PIHAARF IR AE P22, BN PTRE DD B BBAR 5 S A D00 318 f o RO AR 7 1R P 4
bi, AEHHTZ BT FANAE TR R ATEY B, FAS AR AE AL S i R PR A Rtk — 2P I . FEVR YT U, 18
ILIEIE miRNA AR B PO LIRS AT 42 A QT ) S e DL — E I B T AT, AR T IZ B AR AE
IR G HIRGE M BE RO R A 2 A XU S 7 DTS T W 7 22 PRl e R miRNA AHSCHIT FE 9 1 5
BLRA BB 6 R 1T (0 B, (EL AR 2 R N e (D R K R SRR 2 . BLA RS R, 2
Ui IS P 40 i P2 P HE R R REARNT DRI B, AELIX RIS 7 B 2 W PR FE s R S5

6. HATHRESRKSE
6.1. miRNA & RFHAEISET 5877 P HIGRIHEE

JLE miRNA f£ OP 2 Wi 5 i 7 i e B 1 EORIE /0, (HE RT3 s 2 Phik. Wi, &
SRERIL T —2 5 OP MK miRNA F3E4), EAFIE LS RZAAFAEZESR, SRZ 58— K2 Wibr A
ALRIAREIN % BEAh, miRNA FEA [FAPIREAS P K ZRIK K1 AT RESZ 21 2 Rl 2R 52, dnFEACR 4R
RAFANGE BT VR4, IXLED SR T RERL I miRNA 12 W7 (R AE R P ATR] 524

FEIRIT T, miRNA FI834 RS0 H Al I 9 32 2R 2 — . I B0 25 3 A AR 35 3R A AE
—E MR R, A DU R I R R I FR SR o EAh, miRNA VR 122 A PE A M /R 2 — DI E.
T miRNA AJ {52 MBI R R IL, RN RTINS AT e AR AR RO, S ECR R RN A E . [RII
miRNA 697 B 7 RN A M A f ik — 2B 0t 7

6.2. miRNA £ & RERIEISE 5877 PRIREMFR S
ERat BBk, FRIE miRNA BT R Bk (OP)I2 Wi 59837 W7o, % e IF AL, £
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O FIRPRBIT T, 2200 ik R S Ve e AR PE B ) miRNA 4165, [ HEZh St — 2 Wibn e AL Ae:
MIFERENL, DUZPHETT miRNA 2 Wi AERTE S A 5EE . TRARTT miRNA ££ OP A AL H ) B A%
TER, BIRREL BRI RE R4S, X ECRONTT A A L) miRNA 77 38 R R S0 . i — Dk
miRNA J$IE RS, BT REIEERCR SR ANE, b gk RSN A . R, PR e
[RS8 IE R GE SRR BUHBIR R G EE T R IABOR RIS, Jy miRNA VET IR AR SR el Insixt
miRNA V697 22V 58 ALK Prr, TR SR sh s RIm RS, emmiP el Al 2. e
PE P RE LIS RLSOSE, LI R I 1) 22 4k S A R SR AR o b, T Sk g aoR . i
AP RA . N TR BERARSH AR, TR miRNA 76 OP 1 ML AR, 8577 miRNA 7£ OP
FHEZ I SR 7 PN R R . T B AL, XLERTFET [ R 2 75 O IR 2 SR 5 se o i, 3
BERATRERCN G, H AR LI Im R AL TS R B0IE -

SE

[11] Wood, A.JJ., Riggs, B.L. and Melton, L.J. (1992) The Prevention and Treatment of Osteoporosis. New England Journal
of Medicine, 327, 620-627. https://doi.org/10.1056/nejm199208273270908

[2] Foessl, I., Dimai, H.P. and Obermayer-Pietsch, B. (2023) Long-Term and Sequential Treatment for Osteoporosis. Nature
Reviews Endocrinology, 19, 520-533. https://doi.org/10.1038/s41574-023-00866-9

[3] Ebeling, P.R., Nguyen, H.H., Aleksova, J., Vincent, A.J., Wong, P. and Milat, F. (2021) Secondary Osteoporosis. Endo-
crine Reviews, 43, 240-313. https://doi.org/10.1210/endrev/bnab028

[4] Wan, Y. (2010) Ppary in Bone Homeostasis. Trends in Endocrinology & Metabolism, 21, 722-728.
https://doi.org/10.1016/j.tem.2010.08.006

[5]1 #ZHiG4E, FFME, 5005, % miRNA 258 RUHRSTRE AN SR D). FEE sk E, 2023, 29(4):
589-593, 605.
[6] Yang, Y., Yujiao, W., Fang, W., Linhui, Y., Ziqi, G., Zhichen, W., et al. (2020) The Roles of miRNA, IncRNA and

circRNA in the Development of Osteoporosis. Biological Research, 53, Article No. 40.
https://doi.org/10.1186/s40659-020-00309-z

[7] Tanaka, Y., Nakayamada, S. and Okada, Y. (2005) Osteoblasts and Osteoclasts in Bone Remodeling and Inflammation.
Current Drug Target-Inflammation & Allergy, 4, 325-328. https://doi.org/10.2174/1568010054022015

[8] Chen, X., Wang, Z., Duan, N., Zhu, G., Schwarz, E.M. and Xie, C. (2017) Osteoblast-Osteoclast Interactions. Connective
Tissue Research, 59, 99-107. https://doi.org/10.1080/03008207.2017.1290085

[9] Xu, R., Shen, X., Si, Y., Fu, Y., Zhu, W., Xiao, T., et al. (2018) MicroRNA-31a-5p from Aging BMSCs Links Bone
Formation and Resorption in the Aged Bone Marrow Microenvironment. Aging Cell, 17, e12794.
https://doi.org/10.1111/acel.12794

[10] Zhang, Y., Li, M., Lou, P., Zhang, M., Shou, D. and Tong, P. (2024) miRNA-seq Analysis of High Glucose Induced
Osteoblasts Provides Insight into the Mechanism Underlying Diabetic Osteoporosis. Scientific Reports, 14, Article No.
13441. https://doi.org/10.1038/s41598-024-64391-z

[11] Chen, H., Zhang, R., Li, G., Yan, K., Wu, Z., Zhang, Y., et al. (2024) Yigu Decoction Regulates Plasma miRNA in
Postmenopausal Osteoporosis Patients: A Randomized Controlled Trial. Frontiers in Pharmacology, 15, Article 1ID:
1460906. https://doi.org/10.3389/fphar.2024.1460906

[12] Jin, L., Wu, X., Lu, A. and Zhang, G. (2017) Elevated Osteoclastic MIR-214-3p Targets Timp2 to Promote Subchondral
Bone Remodeling in Early Osteoarthritis. Osteoarthritis and Cartilage, 25, S290-S291.
https://doi.org/10.1016/j.joca.2017.02.489

[13] Sun, W., Zhao, C.,Li, Y., Wang, L., Nie, G., Peng, J., ef al. (2016) Osteoclast-Derived microRNA-Containing Exosomes
Selectively Inhibit Osteoblast Activity. Cell Discovery, 2, Article No. 16015. https://doi.org/10.1038/celldisc.2016.15

[14] Aijaz-Ahmad, J., Xie, J., Yang, Y.-S., et al. (2022) AAV-Mediated Delivery of Osteoblast/Osteoclast-Regulating miR-
NAs for Osteoporosis Therapy. Molecular Therapy Nucleic Acids, 29, 296-311.

[15] An, H., Chu, C., Zhang, Z., Zhang, Y., Wei, R., Wang, B., et al. (2023) Hyperoside Alleviates Postmenopausal Osteo-
porosis via Regulating miR-19a-5p/IL-17A Axis. American Journal of Reproductive Immunology, 90, e13709.
https://doi.org/10.1111/aji.13709

[16] Wang, X., Li, P., Guo, S., Yang, Q., Chen, Z., Wang, D., ef al. (2019) circRNA 0006393 Promotes Osteogenesis in

DOI: 10.12677/acm.2025.1592585 1003 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1592585
https://doi.org/10.1056/nejm199208273270908
https://doi.org/10.1038/s41574-023-00866-9
https://doi.org/10.1210/endrev/bnab028
https://doi.org/10.1016/j.tem.2010.08.006
https://doi.org/10.1186/s40659-020-00309-z
https://doi.org/10.2174/1568010054022015
https://doi.org/10.1080/03008207.2017.1290085
https://doi.org/10.1111/acel.12794
https://doi.org/10.1038/s41598-024-64391-z
https://doi.org/10.3389/fphar.2024.1460906
https://doi.org/10.1016/j.joca.2017.02.489
https://doi.org/10.1038/celldisc.2016.15
https://doi.org/10.1111/aji.13709

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Glucocorticoid-Induced Osteoporosis by Sponging miR1455p and Upregulating FOXO1. Molecular Medicine Reports,
20, 2851-2858. https://doi.org/10.3892/mmr.2019.10497

Li, D.F., Liu,J., Guo, B.S., et al. (2016) Osteoclast-Derived Exosomal miR-214-3p Inhibits Osteoblastic Bone Formation.
Nature Communications, 7, Article No. 10872.

Hu, C., Sui, B, Liu, J., Dang, L., Chen, J., Zheng, C., et al. (2021) Sympathetic Neurostress Drives Osteoblastic Exoso-
mal MiR-21 Transfer to Disrupt Bone Homeostasis and Promote Osteopenia. Small Methods, 6, €2100763.
https://doi.org/10.1002/smtd.202100763

Lan, Y.C, Yu, LY., Hu, Z.A., et al. (2024) Research Progress in the Regulatory Role of circRNA-miRNA Network in
Bone Remodeling. Journal of Sichuan University. Medical Science Edition, 55,263-272.

Lin, Q., Zhao, B., Li, X., Sun, W., Huang, H., Yang, Y., ef al. (2025) Plastrum Testudinis Stimulates Bone Formation
through Wnt/f-Catenin Signaling Pathway Regulated by miR-214. Chinese Journal of Integrative Medicine, 31, 707-
716. https://doi.org/10.1007/s11655-025-4012-9

W, EIN, BEE, 25 microRNA-21 7T Wnt/B-catenin 15 5 38 B G- S AAE R A3 B[], A [
BifA A< E, 2023, 29(7): 1012-1015.

TEE, AL, S, A% TAUMRYRTESN M S FE S RANKL/RANK/OPG J8 ¥ {2 ik 27 Al R (R F 70 208 JEE ).
RE AR EE #4435, 2023, 33(20): 60-64.

FHENI, MRS 5. BMP2 15 SMAD 5 microRNA 131814 15 22 05 L8 45 40 IR AL BFF 55 [D]: [Ri L 2 A8 5.
PR WIARKAE, 2022.

Nan, K., Zhang, Y., Zhang, X., Li, D., Zhao, Y., Jing, Z., et al. (2021) Exosomes from miRNA-378-Modified Adipose-
Derived Stem Cells Prevent Glucocorticoid-Induced Osteonecrosis of the Femoral Head by Enhancing Angiogenesis and
Osteogenesis via Targeting miR-378 Negatively Regulated Suppressor of Fused (Sufu). Stem Cell Research & Therapy,
12, Article No. 331. https://doi.org/10.1186/s13287-021-02390-x

FORHL, ZEWN, BB MiE AN A miRNA-21. miRNA-214 BEA RN LEH BR BAARE S W R I AME D], K5
PR, 2024, 21(9): 1203-1207.

Han, J., Nie, M., Chen, C., Cheng, X., Guo, T., Huangfu, L., et al. (2022) SDCBP-ASI Destabilizes f-Catenin by Reg-

ulating Ubiquitination and SUMOylation of hnRNP K to Suppress Gastric Tumorigenicity and Metastasis. Cancer Com-
munications, 42, 1141-1161. https://doi.org/10.1002/cac2.12367

DOI: 10.12677/acm.2025.1592585 1004 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1592585
https://doi.org/10.3892/mmr.2019.10497
https://doi.org/10.1002/smtd.202100763
https://doi.org/10.1007/s11655-025-4012-9
https://doi.org/10.1186/s13287-021-02390-x
https://doi.org/10.1002/cac2.12367

	miRNA通过调控成骨–破骨平衡及经典通路干预骨质疏松的关联研究
	摘  要
	关键词
	miRNA Intervention in Osteoporosis: Regulation of Osteoblast-Osteoclast Balance and Classic Pathways
	Abstract
	Keywords
	1. 引言
	2. 骨稳态的核心协调者——miRNA
	2.1. 成骨细胞与破骨细胞的动态平衡
	2.2. miRNA对成骨细胞分化与功能的调控
	促成骨miRNA和抑成骨miRNA

	2.3. miRNA对破骨细胞活化与骨吸收的调控
	促成骨miRNA和促破骨miRNA


	3. miRNA介导的成骨–破骨细胞互作
	3.1. 旁分泌调控
	3.2. 双向调控网络

	4. 经典信号通路中的miRNA调控网络
	4.1. Wnt/β-Catenin通路
	4.2. RANKL/RANK/OPG通路
	4.3. BMP/Smad通路

	5. miRNA在骨质疏松诊断与治疗中的转化潜力
	5.1. 早期预警的诊断潜力
	5.2. 精准调控的治疗潜力

	6. 当前挑战与未来方向
	6.1. miRNA在骨质疏松症诊断与治疗中面临的挑战
	6.2. miRNA在骨质疏松症诊断与治疗中的未来研究方向

	参考文献

