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Abstract

BACKGROUND: The pathogenesis of steroid-induced osteonecrosis of the femoral head is complex, involving vascular endothelial injury, osteocyte apoptosis,
inflammatory responses, and bone metabolism disorders. MicroRNAs (miRNAs), as key regulators of gene expression, play an important role in steroid-induced
osteonecrosis of the femoral head.
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OBIJECTIVE: To comprehensively analyze the regulatory role of miRNAs in steroid-induced osteonecrosis of the femoral head and to evaluate their potential as
biomarkers and therapeutic tools.

METHODS: Relevant literature was retrieved from PubMed, Web of Science, CNKI, and WanFang databases using specific keywords, and articles were selected
based on the inclusion and exclusion criteria. By reading titles, abstracts, or full texts, articles with poor relevance or repetitive content were excluded, and 76

articles were finally included for analysis.

RESULTS AND CONCLUSION: miRNAs regulate gene expression by binding to the 3' untranslated region of target mRNAs, affecting cell differentiation,
proliferation, apoptosis, and stress responses. Specific miRNAs such as miR-33-5p, miR-99a, miR-106b-5p, miR-155, miR-146a, and miR-21 play a central
regulatory role in vascular injury, inflammatory responses, osteocyte differentiation, and apoptosis in steroid-induced osteonecrosis of the femoral head.
Additionally, the expression patterns of miRNAs are closely related to the pathogenesis of steroid-induced osteonecrosis of the femoral head, showing
potential as biomarkers. Although miRNAs shows great potential as biomarkers in therapeutic strategies, the current limitation of sample size and lack of multi-
population validation restrict the universality and reliability of the results. Moreover, the efficacy and safety of miRNA therapeutic strategies (including off-
target effects and delivery issues) remain major challenges in realizing clinical applications.
Key words: steroid-induced osteonecrosis of the femoral head; miRNA; biomarker; therapeutic target; osteocyte apoptosis; engineered tissue construction
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AT EAREER., EXEFMHT,
miR-146a K-F 4% & AL B KF 2
B AT m AR R AT AR,
miR-146a i@ i$ 4% A F kB 7] & X JE1Z
Sl % RRAR AR WY, A TR

KRBT, 12138 @IeA-F A= I IR
LB F &AM, f£ SINOF F, miR-
146a ¥T %38 18 P K2 BB B 4m
B3 48 R % of B X 4. miR-146a i@
i 47 %) Notchl/ & A% 612 5@
BARBrE R TR T, RIFXTHK
B, X 48t SINOF ¥ 44 B 40 L2 4% 37
A AMAE A . %9, miRNA 4% 4%
R e KR 6 B3 T RRIE i de
A FE, X —AH T EE IR A
ey KRR K. Toll # 24K (toll-
like receptor, TLR) 4k 4 A% X2 3] 24k
T AIRA R R X TAEX, #tm
BMERAE T EHFRILR L, XM
R RA, A KERE Y,
% #F miRNA 2} TLR 13 5 i 34 EL A7 B 4%
Y6, miRNA i@ it 5 ¥2 mRNA 49 3’ JF
FiF X I AMEE AT 45 412 mRNA [ 3%,
FpH EEE, M R AF 47 4] $& mRNA
t9VER . fE SINOF #gm3gits2 ¢,
BB 4 L K IR RRL S KA AL 4G
B&. FHEEB T feid it Eif THP-1 4
FELN AR miR-223 44 & k47 %) T i
STAT3 #91% 5 i &, M| R 5L
WEAER, PE R R sm e K R R B,
A B miRNA f2 38 7 e € 7 1 20 2 69
KERPEPREEREZNOERD. —
s SRR FF R G R T AR
*H miRNA #9e T, 4o iR 3L R B 4895
F£ mMiRNA ATAR A 45 N R T A f 2L R
MIiRNA 8445 F bt de &, X A3 A4
T &t SINOF ¢4 K JE R Fo o % 45
1 BH EEZFA.

233 F@fea Ao R miRNA
AL RE mIeE 5 e 5
1, At IR Sk IR IT s A2 AL 3
REAZE QR0 . AVE e fe sl dm
Jo B ARAEEF 2N~ X EmIieE
A, B IR B R AT R, mAK
B e TR R B, BT
AT THRIFERIEREX TR,
mIRNA i 145 4 8 35 4% 7 AL B 09 R A
Foh B LI AR T e e R it
#2, 45)4e: miR-4725-3p 7T 4% i iT ¥
@) 47 %] SPL A~F- a9 4L A KB F B 43
5 i 3 A 5 SINOF #9 & Ja L], miR-
127-5p i@ T 47 4| BRER B Fm IK /) B B
) R 4 R IA B HEIG m E 8 e B B9 R

ik, A AL B R AR T 4 AR 4G AR
oA, TR IR T T miRNA
FFmia e oy EER, m A
2 32 fi# miRNA Z£ SINOF ¥ &4 3 4 L
BIRBETIHOMNA. AARIEET
o RAA RS TR RR ol 48/
549 Dicer B¢ 2 FH Z T o9 F A R E
AP AHR s — e T RE
Jie,  Dicer B& 49 2 4%, 3%8 T miRNA
FE 18 Z R T AR A 0 KA AR
B2 miRNA 84 s AR AUk ( Bp
7] B 4 41 A A 2t A ) RA ) °T A8 AR
A e R ALy XAER &, AT A
TR F bm e s B AR R B B R 9 %
p@ [53]G

A HE R & B, miR-33-5p g 4% il
died) HEHREEE A2 AR KT
PR L, X T AR B TR A
SINOF # 3 69 & % it 42; AEARSh
2354, miR-33-5p g 4% B B AR HE
SR AT AR 40 2 & MC3T3-E1 64 s B
24k; ¥ miR-33-5p I B ML Ep
BAEE G, FE9 IR A h AU F 3
FEYF RV, & miR-33-5p 7T
f818 1T B vh AR Gl ALY T A kot AR
iRy B e @) 4% 3% miR-33-5p 49
A =T VAR A —FF 06 IF 2 BB R
BV 6 AL T R

B RMFEF @, miRNA @it
e VA T A8 X ARE B T S RO
Friz AL m g I R el
Pz, B FHAREL /) e 5B B
18] 75 T am B B AR, 4l e T 69 miRNA
% F &k ik, i3t miRNA A5 B
Ay iR ds W8 k5] 2 miR-138-5p
FEIB F) BAIRAL ) B & ARt 42
RBEEFTZWREER, Tt
SINOF B Rt T ELA &% 9,
234 F@mfe AT miRNA @it ¥ed
4R 49 R AR ol a6 A A e
BT, R A&, miR-34a b) kA &
FHEATREEGR T @ B E
3 A, it & ik miR-34a T AT HE A
mIe ey BT, B miR-34a A A N
BB R X miney AT, AW
miR-34a £ T @e AT F LA €
24t A A B miR-21 £ SINOF
B pag o LiE, wiliddps e
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R BB B A= 3K 7] & & B R 4 AT
e A= Y, @it FNDCS/ B A
F R IE R R R T AR
B, X 5T fExt SINOF o &4 fn
ERGH T2 Hm Y, B AR
FHEF @M T EZAH . B
% & I miR-146a f&£ AL B & T
By E IR m, F AT AR R B
T, X—idETREAAGLN A
A%, A8 EAT RS miRNA 694
A, MHRE e A GRS .
i@ iE 8 P X 2 miRNA 89 & 3k T g A
SINOF 74 77 #2431 04 B3k, 1RECKR A
TR ESEF BT la B F
Jaeh A, AR EIEY, FALsEL
240 RORE 88 % MLO-Y4 2 - i
AFFETF laty LASEATET
Caspase-3 #9 & L3¢ JuAg £, & = &
FHF BT lo ARASAF T iE SRt
B tm LR T A R h B ARG Y, X SRR
T R H—F %A T miRNA 5 2055
B F laf2 8 4008 = 4948 ZAEF
) 32 /% SINOF 49 Ja B AR 4R A% T #1784
A .

L4, mIRNA 89 24 4 5 3 48 AL
T AR ILEK, ©NEAL @ik,
WAk B5 % R AR 3464
Iz, SAAEMKRGL T AREXREE,
2.4 miRNA {EF9 SINOF ENEEMINREY
miRNA 1£ 4 & 4 47 & 4 72 SINOF + ¢4
BAELEB MRS R, HFEH
miRNA % ik 42 X 5 SINOF #9 & % #L
% F A8 %, X% miRNA RALA L
THE@MPAT. EHp. KERE
Faf Rt F L9842, mEENHE
AKFASINOF EHXF L AT RER
t., BAR A, miR-146a a4 &,
B IR RAMERL B AR F 0 R KT
R, M miR-21 &k R A I B A%
H F kB ZARZEAE F Bkt F &5 A=
B AR E G K, & 9 miRNA 49
£k T A0 SINOF 4 R 32t f2 4 %,
THREARREDOEMITED.
MIiRNA %% 9% 18 1T 9] L AR AN 2 L o A%
FHEAARE, X4£4F mIRNA T AAE A
iR, FRORERR T AR EY,
VAT Ik A 60 T B B A b T RO
M), mMIiRNA &k BA 40 47 4% F M An K

B ERAF R, KRR T 49 miRNA
. feid T PCR 7 ik AkAe ) i sk, 4%
7% miRNA & A4 RAl AR EY . AR A
B, mIiRNA R iAfE RFABE T G £
F, XTa LM, Fb BEFE
Fe iR HEA % Y, Bk, miRNA4E
# SINOF 89 A M AT EME ZALETRIA
BEP HATINGE, AR LR AEXZ
T B i M R A RABR) £ S
MIiRNA V£ 2 I J& A7 & 4 - 7 69 A 54
#.9, mIiRNA f£ 7% 2m o Fo 40 L2 A7 45 5
ME R, BT AR AR,
X3 T miRNA AE 4 4 7 A7 40 49 75
5 N, A H— RIS R
v, miRNA 69748 2 M An 0 LR 45 714
1k S A B AL 6 A AT E AR,
CNVESR Mt A 45 Rk
W, JFETTABARIRIEIR, X4
PAZFF miRNA AR E LA H
SINOF A M rr &M ey, wm BLAE sk
FRELF B B KA BT,
2.5 miRNA 7£ SINOF 3873 Y& 1
A5 & B, miR-214 i@ it ¥e.18) ATFA 49
#1877, miRNA RILLE SINOF &
mBEAETHEEXEAE, MELE
BARRFILTEERNAAES, RA
R ER A XA AR A SINOF 49115
JRAT E B, 23R4T H bk R AR R P
miRNA 74 57 49 16 JK 7T #F 70 k. 1)
Yo 2 AE ) fm BT 5 ) R AT AS AR A
%, B J AR & E 49 miR-34 mimics i@
T REBHOZH LI RS Y5
A KRR A4, FEEEA ILRE)
BN G09S SRR BB 7Y,
4 mIiRNA f£ SINOF 3% 77 F 49 16 /K AT
RRRBET HEFAF. e, T
K RNA Ao 1 AZABAZ BR IS 77 7 iR Rk
JR L8 AR S A AR RAEE, 42 miRNA
VE AL T7 HANA ) R A AR R
T ATRE) TR . LA AT
RAW, AR % 69 miR-
138-5p 4% 4% i@ it DNMT3A/Rhebll 44
32 AR AR B v SR AP B BAR A 69 A
277, 3% & 9 i L 45 Z miRNA #)
i 1% T VA P EAY 2 LR KR B
A SINOF 5 &k ofn 4 gk 5% 6906 97 /AL T
49 2 3%, miRNA 8935 55 % 71 AR
NAEV A MEE T By AL, ¢
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E F 3 % 3h 49 A7 PT84 A 7 B A FF
BT — BT Ao o E A
MRNA-LNP i£ % -+ &, Z-F &l it A
MRNA B %2 & 3] A 4F 2 49 miRNA ¥e
BB ZAMNTF], FILT mRNA ¥
MR MR PR ZIER AR A
ik VO 3 —H R e F A miRNA ¢4
N A Fe G I R AT A ey T
f&, KR SINOF 5% ZAf # A 4x
A B &AMk zAF. A& mRNA S
ST ARG R 04 R R AR & s S R,
IR HORL i 1A fe g M S ) A,
124 % 2 mIiRNA A 4 345 A 4937 A2
fif, VAR E A Fem R F,
miRNA A 2 £ Ak thi6 7+ LB —JF
Z My, ) SINOF 76 77 32437 69 R b A=
A,

3 RE5RE Summary and
prospects

iZ 4 R R N H T miRNA £
SINOF F #9424k, %4 7 miRNA
AR H B AT E b T R 500 T
fett, MM LKRD R, LFH
=7 miRNA f& SINOF J5 32 4 37 it 42 F
)RR E, FRZET@ICHT.
KRR B AR Fo e AR
. miRNA 1£ % SINOF 4 45475 4% ¢4
B T BAL, AFE 69 miRNA R AR
K5 SINOF 49 & e ALh| ZintE Kk, X
AT B A 7 RO Js M ARAR T
TR, R, BATATREARE
AR, JFHEZ R ABEF IR IR U E
87 EE, KRR LY KAEAR
2, FAETREABEF &R IR IiE
mMiRNA & A AE K B9 A8 M fm—F M,
MIiRNA & 57 5 55 64 7 2O Ao A 2
FILNe KL 64 K4, g TH Y
TR A& R AT I RALE T 0 F R,
12 miRNA 74 57 f2 6 Jk 64 5 B 3E & s
# % BER, deliesor . ik feie A
WFEA, REROHRTEZFLIN
#i% A G Aded R, AR E miRNA
BT WA AR, BB, KA
1o R Ee 2 by, vATRAE miRNA &
FORPBR oM, XFRAT
miRNA 7£ SINOF ¥ ¢4 8 4«35 W 4%,
A A 2 2+ Wnt/B-catenin. A 5 Bt L
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B2 -3 W B / & & i%Fa B, LA KR
T B A RFNEOUEEFZTE
&g dE, XK LA FEAE SINOF 44
TR T 9N A, 7T 448
TR G ST . AR R it —
P AF & X & miRNA 42475 SINOF ¥ 49
1E 5@ ANEAER, vARIX A EAE
) 4o AT %4 o) I g 64 S Fe vl 9T R .
B R ETHAE. EHEIK
89 % A B K B F BAE A B 2,
H T HIRIX L By PR, R R BT AL
BATHV KBRS AT S o4
R, 15 & miRNA 78 57 Rk o & 2
R oAy L, AR EBET
mMIRNA £ R B Bk 5 a9 46 A, VA
BN 4o T 7 vt S g 0 R AR08 5T
#4976 L.

vz L RTiE, %4k A SINOF ¢
ARSI T 20 UM, AR
KGR T 6 Al R R AL T 45
T, EX /LS NG L —
+ 3% % miRNA & SINOF + &) 4k A,
3 & 4 52 I miRNA 34 57 Fuk 84 I R
1k,

fEETEk: £ E ST ER L F B
B, 37 AkAeRARBE R I 6 L F IR ARG R
T TR

FIFHZE: LFayeted 29, A4
R AL FIRF A2 RELEA BT R,

FFARENERA: X2 — & FFAGR IR F,
ARAB (FriRk EFTHIY “F % - dER kit
1R - AR 7 KL F 4.07 G2k, ESEIIAY
BT, AHFRAAIER LB QAT RIA
B REAY S, R AL R PR
TH. BN, AEE, 700, k. AR
Xk, FAHZET R, AR A
AACETEE A IE,

FRAREELL: S35 b AR AT R E & 5 4 431
BET LF RS

HHRASE: 2R AT (Aastf iR
HATIRAHIEY (PRISMA 38 1% ), 3 b AT €
it R D)5 LAk A 4T3 RkEE, L
FRNFATINT ERRFSF, FATIFIGAA X
EHAPFEBEE.
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