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Research advance and mechanism of miRNA in the treatment of osteoporosis
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Abstract; Osteoporosis is a disease of bone metabolism dysfunction in the whole body, characterized by a decrease of bone mass
and bone strength, and an increase of fracture risk. Osteoporosis is one of the most important causes of fracture, which affects the
treatment and prognosis of fractures. The prevention and treatment of osteoporosis include physical therapy and drug therapy.
Physical therapy includes exercise therapy and physical factor therapy. Drug therapy includes estrogen replacement therapy,
calcitonin, selective estrogen receptor modulators, and bisphosphonates, etc. These drugs can prevent bone resorption but have little
effect on bone formation. miRNA is a highly conserved non-encoding small molecule RNA, which has the ability to regulate gene
expression. miRNA is mainly directed to the mRNA base pairing of target genes, leading to the degradation of mRNA or inhibition
of translation of the silent complex. Based on the mechanism of miRNA, genes and molecular therapy can be conducted by artificial
synthesis of miRNA and miRNA inhibitors, or by artificial construction of miRNA interfering RNA pathway, thus providing a new
perspective for the study of new generation of gene drugs and biological treatment. The present study of osteoporosis has found that
miRNA plays an important role in the regulation of Runx2 and Osterix signaling pathway. Therefore the intervention of miRNA can
delay the process of bone regeneration and promote the repair of bone. This review focuses on the molecuiar mechanism and
application of miRNA in bone differentiation and bone regeneration, which provides a reference for the basic research and clinical
treatment of osteoporosis.

Key words: miRNA; Signal pathway; Bone regeneration; Osteoporosis

ELTH . EFARPEESHEH%ESTH (81300710)
* BIRYEE . &M, Email: zhaoxiong314@ 163. com;ZE X ,Email ;: fmmult@ sina. com



FTEERENREE 201646 HFE 22 £E 6  Chin J Osteoporos, June 2016,Vol 22, No.6 787

B JO A AE B ™ B 4 R 0 B o B R e A
B, BENERBMESBRERN 12.4% , ZF AR
RHFEL UL, K, FREBITEERER
33% , {§/h RNA(miRNA) B—F " ZHFE T EE
YR MRS M AT EES T R
WS SRR .8 S RERRTHIIERIR . L
MERGEERENTWRERKSIT LA ZHN
TR, EEMLSEHAELRE D, miRNA KR ¥
RES5BREAMEERNRFZLAED, AL SH
WRMBEZ— A0KST miRNA 5 &0k fBH
A AR OLBIM— 25 R, B 7 0 & B AR AE B IS R ¥

1 miRNA #F S

miRNA B—K"ZHFETEYERA D, B A
& F g 5 8 [R) R X B R 4w A K BE7E 20 ~ 22 nt
MG/ F RNA, miRNAS 3% 2 3 8 S B vl
1 3 B A AN BC XS $E 1] 458 mRNA3 3 &~ e 8%
SR, TR EHAEYEEA" . BT, %F miRNA
REEWNIH T ER S/, MBIERESH PCR, 5
HEWFEE RS SR HEBIRER,
Runx2 #1H T W 5 F Osterix 2 89 58L& 4 M 47 1k
HEMNFFERFZEF,BE niRNA EAH EEE
A, miRNA i 53 5 & 714 E.AE P 8¥0E a3 &1 B 1 4
o
1.1 miRNA 3% Runx2 58 %

Runx2 Bl # > 45 & B F al ( core-binding factor
alphal ,Cbfal) , B3} iUE ML A B RIERAE
BRI R AT, Runx2 A2 & R H
MFRIE, 45 B 55 K (osteocalcin, OCN) B E H
(osteopontin,OPN) I AV & ( collagen-1,Coll) . B B
% H (bone sialoprotein , BSP) 1 5 14 8% ¥ &§ ( alkaline
phosphatase , ALP) %5, £ T A& ¥ A 2 (4 A= 9 2 3 B o
B3R LM ,65% ~80% B AHFERERLZKAF
TERFRE K Runx2 2207, Runx2 2 H BB /D B
REHRERTZME, BRAT AR KB, xu
X Rux2 Z255RHH - LESER, EFEK
REABTAAEEEM,

miRNA 7] DA H#: 5 Runx2 A 5 /E JH £ Runx2
Riko BHF KB, miR-133 A LI 45 & Runx2 §
mRNA, #1418 C2C12 40 M 150 BB 40 L A 41467
/PR ERERI TR T 400 %, miR-338-3p 7] E#:4E
AT Runx2 MBLAERBHYERE F2 BZHE
(Fibroblast growth factor receptor 2,FGFR2) , 3|2 &

BB o Jeong T BIR KZ B, WM E Z R X
Z 4k y(estrogen-related receptor y,ERR ) A[3@ it T
78 Runx2 7ZERTBLE 40 M 09 3R 3K & 1, 0 8L & 40 R
. HERTLHRWERYA,ERR y B HE /DR
C3H10T1/2 40l miR433 Fik , E¥RIEKFEE
83 Runx2, 1 #| B £ i & H -2 ( bone morphogenetic
protein, BMP-2) B 3£ 3%, BAEWRE £W,Smad &
FA#AT EF 1(Smad ubiquitination regulatory factor
1, Smurfl ) 7] & & & & 8§ k& 22 FF ## Runx2, T
miR-15b B 3& i W /0B R A] 72 S T 40 B2 Smurfl &)
FikE # E9E Runx2 7K F, B, Runx 45 &
FHRMHESERPHRESF, TUSHEL LT
Wesr FAHIEAER, @i~ 578 (crosstalk) ” 4E & W
FHEKKE .

1.2 miRNA #H$ Osterix £ 538 1%

Osterix(OSX) X% SP7, B — 1B B4 EH
MEBEEHZHE T, B Kruppel H KK SP L&, H
EAREDRATEEF R EERERRELT,
B &8, ERRERN/NR RS AR, miR-93
ARIBAERT OSX 2, M &9 kB, % Li
%V IR 3E , miR-143 K 2 R B R 40k /0 40
S JR i 5 R 2L R B A R R, AT @ > OSX Y
ik MC3T3-E1 fa] 5& 4 M1k o

miRNA FE/EfF 0SX & FE & 0SX mRNA 3k
REQALEAE, PR £9, miR-145 B
Wb OSX ik, M4l C2C12 F1 MC3T3-E1 4Ly
BB, B—pt%"™ F BMP % 5 5B 4 M4
ik, B C2C12 4 A B miR-214 Y OSX i #Hy
257 Wi B EE, A, MiIR-31 8] BE{E 0SX
mRNA #8308 88 /] 72 5 T 40 B 89 BB &
B, GHEMN—THA 85, B LA
miR-125b 35 1 T ¥& OSX 33k vl ) il B 4% 18] 7¢ /R
FHMKEE S5 L. BAEBRE £H, miR-31,
miR-142 1 miR-138 XA H M OSX Ay FEiL, W
miR-322 B B | 0SX K,

1.3 miRNA 58555 EEBZWMEEEM

Runx2 1 OSX MiF &£ LI T FhES 5
TSR, RO SRIEERXEREST
S5ESEBNDREHTZRM, B BFE"EH
(crosstalk) , BMP 2—#1J@ T TGF-B KEM LIk
WAEKHE T, /TS Smad K #i 89 BMP {55 3& B&
BEIERE R, 2 —MZ Run2 A HBRBES
AU, BMP fFEE [ B I B8R/ FEAR
W 4 B % KRR R M BUE Smad-1,-5,- 8,3
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Smad4 ¢ BLEC &4, WOR R RER . Li FH5
FH, 7 MC3T3 4 i, miR-29b & & #P % TGF-B3
DL K 8% % £ 11 #1324k (activin receptor 2A,ACVR2A,
TGF-B AWK 7 — B A ) 4 +F Run2 - HEE
HEEFHEFEKFE, Mo, —HME R Wnt
{558, 0 MiR-335-5p i i3 #7 Wnt /B-catenin,
{EvEE R & LB B ¥ -3 (glycogen synthase kinase 3,
GSK-3) B BER AL , 3R B-catenin B R (55, @it
14 Dickkopf #15¢ % A 1 ( Dickkopf-related protein-
1,DKK1) {& 3 /) B, C3H10T1 / 2 B B 2
", BT BMP.TGFB #l Wnt 5 # G, — &}
fbf5 S 18 B, &I MAPK {5 5. Notch {5 5 i B%.
Hedgehog {5538 B} \nell-1 5 5E . IGF 5 58
R MF S BRUERTRIEEEEEN, AF#
— B HEABR

2 miRNA BFEB4%

2.1 FRFEMBATNEK—RERTHE
BREBEUERBEMM o R, AFFTHAR,H
AMEYE, BEABMBHROESIFBERENBE
55, AT B 3 R . X T B REA R BT R
FHBEBE HAUAMEERBEERD TEER
BEARTE: [ % B T 40 B8 ( mesenchymal stem cells,
MSCs), BIZEBTHBET . KE MNA.BHF. N
B BRI RASNEAERERM, SRR, BH
ERMSCs ARG A B P MM E BTN H
oMU R=g i RS T e B O O
EEEARSE . FASNERETEHEERT
il oS Lach S =l s Ao g A= ) D YR )
EERH, AX—KELES, Y KN B miRNA
ERTRENEERATERT, wA BEEA
miRNA R BRI R ERMNEBERFE
miRNA 8% & # 8] 72 5 T 40 4 /) A =) 40 B i 2 4k
W, i miR-96 ,miR-124 \miR-199a 7] % 5 B & 4
O el R =) R N D P R e I R
&I, &R miRNA 7K 7 5 434k i 18] 32 B+ 48 B
M4 B4z | BEA % 5%, 0 miR-30c, miR-
15b 1 miR-130b 7£ 5B 40 i o R ik, KoK P B 8
BT RSB R AR T AR,
2.2 REANHXCBES—BHER
BHEEHXERINS miRNA MEER, HX
WEET M AEYE B FH AR & pictar4,5
FEMER AR, 710 miRNA BE B #5602
W RS, — i, 2B R ITIE N Sath2 Y

4 4 F miR-34b 1 miR-34c /N EEM RSN
KA RN BAAME ™, B— T, FEHNRS
Bk 20 69 8 5 B 0 PPAR v A # miR-20a 1 mir-
548d-5p M4, T miR-20a f 3t Fik, 2 F F Bambi
MCriml EEVR, EBRRERBEEENEYFD
g1, EBEEME, BT 3'UTR X, miRNA &
AN ERARERNNEERFRB TP RELE Y
ek, X% &3, CDS A3 UTR % Binfed
S # B miR-15a / miR-16 #1 miR-92a M |, Tay
SRR &M . miR-134 BEME G AHHIREX Y
X HMG & 2, miR-296 BEHE [7) 45 & 2 B 49 [/l 7
FEEM miR470 ERRE S N\ RELESHRET
4(Oct4, 5 POU WL S BHEFEF1), X
miRNA ¥/E ] F 48 X, 3t [F 42 i 4 8 %o/ U
METHRKNESIEIER. WHNBRTEREES
# mRNAs, miR-2861 T #iF 5L 45 & HDACS mRNA
) CDS, i1 miR-3960 E %% iF 5§ 5 Hoxa2 mRNA
CDS M EEH™ , H miR-93 £ ik XF Osterix mRNA
B CDS #4038 i e B R 2 W 4 #r
BURIE™,
2.3 #EHAMMETIRE—BREENF
X¥THHCANARA, ESEWEMXH
miRNA WRIAKFPREBRATEECEMEA, #—
2 B BF 55 7 [) B % 58 P 7E Q0 6] 38 i #8142 miRNA 7£
HEEKEHREEHEREMEHRET. BFXAN
FEEFEAD miRNA K FHBXEBHIREA S
BREAMESF WHREEnEARBERNE
W, BET, —RFMBRL BN RS
M %% RNA X9 Fl T4 & 5 44 miRNA,
Ebert #1449 ) 35 & Bl 7 — F 37 & miRNA #1451,
ATZEMEEL 30 Y0 40 B b R 38, TR Z 7 “ miRNA g
47, Qureshi ZUV AT —MEAKRTES
Y3615 {1k miR-148b L H , BT iE T A B E 5
o B— B & B, 4 M FE K (cel
penetrating peptides, CPP) E SR &8, JE TN B
miR-29b 7£ 40 Mg P9 1 F , {2 ik hMSCs [a] 5 & 48 fa 53
o XEBREUEANEGHHBEBINEFEEMESR
BB IRITHOR T AR, ¥ BN K R B 5 48 )
HYRIT MBI R A

3 &i¥F

LR, B REMER—FREE R, GTH
MR Ko TR R BEER F5EH ¥
EEREFEFTWRTFE, B RZEELE W
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miRNA H BN S B LABHEEM I RIEE
AR E MR, E—2BARLE miRNA BT &4
PG T ECBRE —EHE, KA T SHE A
SMMEMEKESME BB RRBNERSBEE4H
faoigEiid, BERMAFEFEHRERA X, X
e EAEHEP, KT miRNA BIEVLH MR N
BARZ Bt —F5HR. TENR, EHREER
HF. m/MRREKEF . RAMSE B REEER
HEEFNESERNER, AEATF K miRNA 7£
BEHRGT LR THNBE, WEBRIH ZHM
miR-214 Bt 2 3@ i @ Akt 58 3%k 5 o & 48 o
B, R RAE T4 KA &H A4S, L miRNA
IEMMBHEELESENATEABRHE A,
miRNA XM B LT EFEREB AN LM
mE, HFE4KEHM niRNA BB EE EE /M
HEHE P FE, Bt miRNA B2 /MK EE &0 &
BERFEFE™EHNG R, Bl mRNA # 7K
FABAMNETRAARE SHERELWRAE, B
4R Eskildsen 2 75 49 2 (9 3k AB B 48 IR A%/ Ak BK
& LG (NOD/SCID) /) R B o & B 52 L 8% K
A/8M =45 (HA/TCP) 5 anti-mir-138 SFETEE
BEE SR T M o] DA BT B (ESX A LR T
T miRNA AR B E THRK LY LK, T A
mRNAV EH FEREBEFTHAKAK
miRNA ¥ T A BRI E T H — L K
i,
[ 3 = x ®& |
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