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miRNA 77+ 3K PPARy tH X (E S BB B R MR & LIFFEAERK
B M Rt R

AR, EBEN RYIES, M R, ATHE
HR R EA AR EIRR AR, M 7300005 2 H R A R EREEZETCH O, 220 7300505 H A A E BT R
B 229 730050

= MEMEE LIRFE(steroid-induced osteonecrosis of femoral head, SONFH) A& — i K] 5 4 FH 0 5 5 B 2 2 25 W 51 EE 1)
DABE SR B A REIE HAE AT SR A SR R s« I SR AR B B II0S 52 /K-y (peroxisome proliferator-activated receptor-y,
PPARY) EETENENT A4 h R 1L . Wnt/B-catenin. AMPK 25 H I A5 548 2 76 1715 g 07 4B 244« I I BR AR BURIAT it 25 5 THI R
PEREREEH. & #ER 780 T4 (bone marrow mesenchymal stem cells, BMSCs)E A 71k A G 41 i B R B 4RI KT 66 70, T
F A 2 PPARy =315, 3 BMSCs Mk [ G 734k, A HE 41 B3 22 520 i Sk e R, Rl 2 i gt/ A /N 22
Bk, BB Sk B A MR ST . . S/ RNA (microRNA, miRNA)E — G0 JESR D RNA, AT L i 30 i
I TR e SR BRI SR R S R A, M S ma 20 R D BE RN ERE o T 7538 W miRNA @i 1% PPARy BRI AH A5 5
P4 520 SONFH A8 HEFE, PRI, J8 3 4 ) F T miRNA ZE 7 1A SR 1% BMSCs H R - 5B 20 i 2432k i o5 i Qi B vr
A& PR HE AT AT ) SONFH YR 7 SR o A Sl I K miRNA /15 11 PPARy #H OG5 S B BK HEAT 70 5940, i B FE 6 SONFH Jig 4L
WHHTEALE], A miRNA ¥E A4 7 SONFH SR AEER G 2%, #E1Mi )y SONFH K& ik 2 7 2 ARl A4
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Abstract: Steroid-induced osteonecrosis of femoral head (SONFH) is a disease characterized by femoral head collapse and local pain
caused by excessive use of glucocorticoids. Peroxisome proliferator-activated receptor-y (PPARY) is mainly expressed in adipose tis-
sue. Wnt/B-catenin, AMPK and other related signaling pathways play an important role in regulating adipocyte differentiation, fatty
acid uptake and storage. Bone marrow mesenchymal cells (BMSCs) have the ability to differentiate into adipocytes or osteoblasts,
and the use of hormones upregulates PPARY expression, resulting in BMSCs biased towards adipogenic differentiation. The increase
of adipocytes affects the blood supply and metabolism of the femoral head, and the decrease of osteoblasts leads to the loss of tra-
becular bone, which eventually leads to partial or total ischemic necrosis and collapse of the femoral head. MicroRNAs (miRNAs)
are a class of short non-coding RNAs that regulate gene expression by inhibiting the transcription or translation of target genes,
thereby affecting cell function and disease progression. Studies have shown that miRNAs affect the progression of SONFH by regu-
lating PPARYy lipid metabolism-related signaling pathways. Therefore, it may be an accurate and feasible SONFH treatment strategy
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to regulate adipogenic-osteoblast differentiation in BMSCs by targeted intervention of miRNA differential expression to improve

lipid metabolism. In this paper, the miRNA-mediated PPARy-related signaling pathways were classified and summarized to clarify

their effects on lipid metabolism in SONFH, providing a theoretical reference for miRNA targeted therapy of SONFH, and then pro-

viding scientific evidence for SONFH precision medicine.
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B¢ B 3k ¥R ZE (osteonecrosis of the femoral head,
ONFH) A2 Ifi R 5 WL AEVE P, 2 5] e 5 ¢
PEIR M DI Re PR AG 0 H W R R 2 —, HEikE e,
B A 5 1 2k e AR RN R . RTINS, R
TIhREIR WL O, T E S R I AR R AR TR
ONFH FZ 7 At e s, JIE KL
H 800 1 N B HE Q75 14 B Sk 3K FE (non-traumatic
osteonecrosis of the femoral head, NONFH) ¥, fij
R 2R M B E Sk IR B (steroid-induced osteonecrosis
of femoral head, SONFH) &35 it 50%, AHICH 513
] SONFH . (5 4% 7 NONFH & 75, L& UL
HHEREZ, BOWEEZ T MY, EIH RS
HATMATE 2GR . AR MR N 2
Hi& (8] 78 51 T 4fl JfY (bone marrow mesenchymal stem
cells, BMSCs)H i -iflig 7t i, 5 80w B g i
Wz, FEROMEREERL, FHE2 FESONFH
i ) oo R R

I TR B 87 FH B B 5 3B 2 (glucocorticoid, GC)
2 8 I 5 Ve O B R R ) SR A L R R . VR R
B, AE R Sk N /N LA R TR B OK &2 1) G 07 e 28
FEFEMAE, Som MR R, A I B Sk i i & ek b
it B ONFH o 2% U 8 2H JiF #A A 9%t & B SONFH
A NG AQ U AH OC 8 Fr 2 IH [#] B (total cholesterol,
TCHO). & % J% Jii &5 H (high-density lipoprotein,
HDL). &% )& fiE & [ (low-density lipoprotein, LDL)+
Ao JIH T P 5 % R IR 2R B AH (total cholesterol to
HDL ratio, CHO/HDL). #/li & Al (apolipoprotein
Al, ApoA)EE R HET, g — B 7uE T A&
il 5 SONFH [P AH 14 o 1 S0 A0 W Tl S 358 B 400 ity
52 fA -y (peroxisome proliferator-activated receptor-y,
PPARY)E NG 7 A i 2 % R 7, ad i PR o)
BOE 5 TR A A 2 FLSIEAS [F] 0 48 i 3 58
HORIEAER, {E SONFH ' PPARy il i 5% 1 BMSCs
IHACAEYERE IR PSS A — i R p iR 2%
HEFEHY. BMSCs H i -BulE b 2 [m i sh 2
P47 R 2 M E 5 00 R N A s R T S [F RS, GC

i _F il PPARy {2 3 BMSCs [r] fig il 40 g 431k, [ i
) L R A o 4™, PPARy SR 1 i 9K 5 g
Ui 0 BT B B TR 2R 0, TRDERE T R 2 33 ol 4 A 4y
FRRFE R, { BMSCs [A] AR 40 A 2 AL, 338 17 4 it
BANREIG 2, Bl o GRE 18IS, R At i S
S8 A RO BY 24 L ) T 7 HEAR AT 5 E0R N T v R
ek MR AL, MifTi%E K ONFH P, b4k, H
PPARy 7 17 51 2 1 Jig AR 7 0 mT A R AR 11 =
W, IR AL S8 B BRI R
TRAT RS AU R B R AR, I AT ) Bk
B[ /F 53 SONFH & AR A1 &

LS 5 F, /N RNA (microRNA, miRNA)fE
N PPARY FH 515 i@ B I B Z AT A 75k T
T2 M2 . miRNA JE i $E 7] 1 15 PPARy A1 5 i Ji
AU 5 10 2% 1) S8 4> BRI 1 ERIA, s
5 R P R T RS, DT 5 T B - O A 56
i S RN 2%, B 48T RSN SONFH Jps B F8 7= A 52
AR S IRNER BT miRNA 7E SONFH H (¥ 1 F HL i LA
J PPARy b R AH 515 5 18 B8 £ SONFH H i AH B
YEFH, 9 miRNA 4% PPARy # [i] 75 J7 SONFH #2{it
I AR

1 miRNA 7£ SONFH i2 77 9 X B 1E A

miRNA & — I8 % 1 20~24 MZH R ALK AR
Z#f5 RNA 73 T (ncRNA), miRNA 5—Fhg £ Fi{s 18
RNA (mRNA) 7> 7873 BAR,  A]AE R 5% Ja /KP4
FEHFRIEM, miRNA A LS 45 A 483 R 1 34k
1% X 4 (3'UTR), 53 mRNA [% fift al 58 3% 0 1] ,
sz HARSE R R IA!, miRNA 2 5115400
Ak WEE. TSR E SRR, T 4ERRAN
Py R R I I Ra AT B T ORBEER™. BN —Fp
FEEMAN AT, miRNA 7£ SONFH & % H it 1E F
ZF, WmiR-27a IR A miR-34a 25 ik
B 41 B RN R A R T miR-210 2 5 14 AR
U, miR-206 2 540 M0 JE T-U. miR-146a & 5 %
IiE S NP, X B 153 B miRNA 7F SOINFH & 2E il
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RIEISFE R R EEAEH . miRNA X} PPARy [
BT A LR LA 2B, miRNA @S H 88 A
PPARy [) mRNA, | HE P, Mgk PPARy &
FRIE; %, miRNAFI 5 PPARy #H < 1) HAth
&5 8%, i@ g % Wnt/B -catenin,  AMPK.
PI3K/AKT Al ATP 4 & & %% ia /& Al (ATP binding
cassette transporter A1, ABCA1)5515 51 i 13 14 A1
FH R R ) 208 7K [R) 252 1 PPARy HITEPE, AT
VAT R 20 B A A P AR 28 =, miRNAH
i i 4% PPARy [ R & FIiEPE, B #5210 BMSCs [F]
gt P 200 PR 0 D 43 Ak g Tl o B DA 3 Rk 3R
miRNA X} PPARy /= A2 § M, i 24 2435 SONFH JIg )it
R, Ak miRNA 1F 4 SONFH 1757 #E fi LA &
BEAE R XM, gbAh, miRNAEA]EME N SONFH
2 W ATIUS bR B4, 7Ty SONFH 4 (it 5 kS #E (1)
LWAIHIAE R . S22, miRNA %G S EKE
SONFH fizia h KIEE BEAEMH, @RI
miRNA [ HAE H 77 U] B SONFH iR
TR IS ARSI, Oy B BRI B R v R AL
T IR 55

2 PPARy X {55 B &% SONFH & & %
R

PPARy & — Fli% 2 B s R 712, i R R %
HATHEY S, 75 SONFH i i 5211 BMSCs FHE-
BCE o AN R I ZH 23 MR BRI i G 0. K
ARG &1 GC fi F 5 3 PPARy Bt ik, X AL
fli BMSCs U~ BUIR AR 73 A R AT, T HL e 43
10 BE 78055 2 5 M i 5 A AR, DT 2 e 5 R Sk 1Y
MAEAACH, el 7 Zm BERE . 1) PPARy ) 1
BT A 2504 1) i 7 A AN 4 3 BMSCs 1 8 7344
F%{X SONFH ] & 4 % . PPARYy % 14 19 1 15 38 7T LA
SN I 7 2L ) TR N D RE,  (E I W 20 23 PPARy
T 175 3 R 07 0 A e 1 R TR T D R S I8 (fatty
acid synthase, FAS)55 [ R IE (e 1 1 G JiT & B I 1
A7, PG 7 B AC U A BE & i 47, 4EHF IR DT 4
L Daetads, BOA RN 24 5 VIR “JF
K7 HEFPI, GC 51K T F PPARy IIHUERY, &
Ja PPARY JE UGS B & W), 454 25 5E 1) DNA JP
F [ B %A W) g A4 3 5 S S Tt A (peroxisome
proliferator response element, PPRE)] - il FAS %5 3%
sk, B AR IR 107 48 A oH i = (triglyceride,

TG G . HhAh GCIEIE B ARIEF, T i
B R W BR R FE AT TG /K, R AL, 35
A BE 2 i Sk Al A s AR I . R T
S0t ) 3ok 1 R i 5 AR 1 3% L 5 SONFH 1 & 2k
YK

BN 2 56 Al R AT 9T 251 2% W] PPARY 15 5 %
L5 SONFH (1) K A F K e B ) FH K . SONFH H i A
H PPARy 1A [P Hb %€ 5K #4 (Dexamethasone,
DXMS)i% 3 i) SONFH K £, PPARy ik Tt &1 H. [7] i
Pt B 6 G 7 45 228, PPARy JE BRI Rt B4 /0N B AT HH B
JE W7 LR 2 470, #F SONFH K B 7Y vp 8 19 fig Uiy
WERM, W Sk sk K F C/EBPo 1 PPARY [F] i
B, ] PPARY (20 (1 Ak KSR A 2
1B o4k, M98 2% SONFH f it P, ONFH
& g Wi A 15 75 Bl 7 PPARy Al C/EBPo 214 2 2 T+
T E T R R R I BT, KEGG 4
77 B PPARy i % /2 1 4% ONFH & ¥ B /NE i B
(38 %02, 382 H PPARY I 3545k (B K 5 ONFH
216 FR) JRUI: 5% 166 2 I PPARYy P 3 BRI I i A=
FAHTRCE 734

FEIX 3L FE 4% 5 miRNA (21 miR-27. miR-122
HT miR-548d-5p &5 )it ik 1 715 1 Ik [A] ) 3 58 B B 42
] PPARy 145 FL R IA 7K, o548 I 17 44 e 179 A Js A
THReRAS, AT 52 0A i B s P 1D i 1 AR SR AN I A
b, Soma MR R, &%t SONFH 7=k 5 ZE 5L
¥4 PPARy 1y H s iFF 70 80 U2 PR L AE 98 4 I s A0 i
AR 1R % 00V FH LA K AE SONFH 5 2 i £ v (1) J5
o, S PPARY, A AT REVH G T 5 B A
JE 1 - 4, R BT B Y GC i FE AR 5
ONFH. Ik, PPARyE 5l ikiE S 5 F N UiFiE %
(tn Wnt. PIBK/AKTE)MH HAEH, LA 2 50
JRARH, FEAE SONFH [ B A2 Fp = A= 5
2.1 PPARy 5 Wnt/B-catenin {5 & &

Wnt/B-catenin {5 5 BB MG K E . T
O MO YERE . AUMIG B AN Ay A, DAK R R AR SRR
FF B O AR R A S E T . Wt {5 5 i
EL R 1R, B0 Wnt/Ca®* A1 Wnt/~F T 21 g 4% 1
(planar cell polarity, PCP)i& 1%, fEAH AR YE. 40/
LR M U A4 S5 5 T R FEAE AR, R C&
WESE 5 PPARY {5 5B % R A RIS X, il I 2 Pk
W HLAR G 5 AR . Wnt/B-catenin 15 5 i % J2
Wnt 5 5@ % (& 8 & 4%, AT L@ ] PPARy )
FBBUEM R WL D RE, G0 AR AT R A
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Wnt {5 5 8 B, 40 %] PPARy £ 15, M1 By
SONFH " d1 235 & 1 J7 (Huogu 1 formula)if i ¥
1% Wnt/LRP5/B-catenin {5 5 T il PPARy ik LA i[5
SONFH "%, X £e Rt 55 1) 3 B 0% Wnt/B-catenin {5
5 P AT A0 PPARy 305, b HOE M, ETAE
SONFH 597 = AE AR AR

miRNA A LU i 1 4% PPARy Al Wnt/B-catenin {5
S, PR AR R 4R R A AT, s
JR BRI, AT 98 5 0 R R . 7E SONFH K
R A, miRNA-15a-5p 3 % 1A 2 30 i) Wt A1
B-catenin ) 1L, JFFI¥LIE PPARy, i BMSCs T,
T 18 miRNA-15a-5p A LAy /> BMSCs i T2 FF {2 i3
HAEKPY, 321k miR-148a 7 LLE R 11 #] WntSa )
FIERARENR 7 B B, S0 B AR B, T RS miR-
148a W] 2= # il B G 4 b, (R ERCE 6, IS
PPARy 15 538 #% 7 A= Hp 7] 2% 2 LA %) SONFH Jig 254X
WA A FE P AR s . H AT XS T Wnt/B-catenin
& 5 I8 1% Ml PPARY {5 5 i 5 7F SONFH g i 1€ 1
(LA AR ELAE AL A e AiE 2, H 22350138 3l
A [F] 38 iz 410 i) PPARy F10iE Wnt/B -catenin 15 5,
miRNA AJ LY /b BB 20 A fro 38 A, 389 e 20 P 1
A2, AT M SONFH (1)K &, Ak AT AT i ik
Bk — 25 5 7 LA B miRNA 1/ 4% Wnt/p -catenin Al
PPARY 15 5 3 B £E AN 5] A= BE A6 BEAR S R 10 24 A
HAE AL K
2.2 PPARy 5 AMPK {5218

AMPK 2 — MR =K EH, Ho pRIyIE
FEH K, IELI AMPK REBSTELN LY 5 83— R 51
AR T L) AR FERE P4, mT DARI i i &
BIEAE, EHE AR ER & RO B[ B A, BT
D 8 R AE AR YDA, AT B AR B SR B KR
AMPK A B WA Bl s R 1 e, 2R 5
AR AR E R 2 M, HE LR
G A R R o A S s A, RHIR AR R
HEERFEEA . PPARy(F 5l B HITE L L AE S5
M) A 7 T S A A O B TR g 3k, AT U 1 B 7 R
)% AL K F . AMPK Al PPARY {5 5 38 % 78 1 5 ig
JR BT A AR, AMPK PRS0 490610 I 52 2 1k
AT, I PPARy BGE AR 26 i & e AMPK
55 PPARy I i 2 &k 2 U8 5 B8 FUAR M, 7R/ R
BMSCs H' AQP7 it = 2> 53 AMPK 5 MAPK 15 5 il
PR, 3R U D7 2E B3R R PPARY R IA FEAR™
Zhang %" % B S AMPK-PPARYy- AT X 3214 o

A2 Acta Physiologica Sinica, June 25, 2025, 77(3): 493-503

(liver X receptor-a, LXRou)if #% 7] DA 25 93/ i 5 #H
£, /DRI MG IR FK P Cheng 55 & I i
AMPK (135 P4 U 38 55 PPARy [R5 Ay P, 2R
HE g B R A TG F & AN AR 2, AMPK F1 PPARY
15 5 38 6 3 AT B E i 98 U 1 I T RS R R A R
R, e /)N FRASE L A R S A Y 72 SONFH
i, AMPK ] Rg 2l TR AR M R AL S 5
NONFH HJj BLERE, X Fh i 4% 7 5 5 0% AMPK/
PPARy {5 5B M K7, K2, AMPK 5 PPARy f£
JE 5T & B R H R 3RATT T R 4% SONFH A g 4R
PHRAL T 42

miRNA XX M5 538 B 2 18] (A BAE AT g
T I A T S [ ) R S DR B I 4E B 9 AE 5 i Sk
RSP, W: miR-378 i FIAR, PPARy 1 C/EBPB
6 R R L TR I Rk 1 ™7, 1 CaMKK 2 1 334 9§
b, B miR-378 Ef% i 1T AMPK 15 = 18 412 i3t i
TR, o 2% RS M AH I P T o ) K o TR TR
g 8L F, i miRNA-34a-5p @ i #8 &) #1
SIRT-1 1 AMPK 15 518 %, 871 107 %044 sk 2D F0 G Joiy
G, X BR A AR RS2, 2R B miRNA
TE TR TR I AMPK I8 B 7E AN [R] 41 23 A % i A
FEAE Tz B, AMPKal Al PPARy SL 30 B 1 -
la (PPARY coactivator 1a, PGC-1a) 2 &5 8 I8 i A ik
LG IR AW A ) B 22 5 K-, miR-130b/301b
R i B ) 0 ) AMPK ol AT PGC-1a, 31051 I 17
S i T oK IR T A BRI AL, BRI 2R A4 A ) 5 R
FRE=HFE, (RHEARMIA R, AMPK (55 @ A1
PPARYy {5 518 % 1] #& /£ SONFH (1) JIg Joi A if v 4 B
ERT, FEREAT IR AR RIERMNERE, @il
VAT IX P4 AR BT, miRNA R A 7 B 2 g i
Y, AR AR A S R A L, o
OAEE, AT X SONFH () & A= Fl & Jig 72 AF B 5y
Mo A SR T LLE I 0 i S R A BB M A B i AT
miRNA 2% 5 #r, 3 — P58 1F miRNA /2 75 38 1 1
T AMPK Fl PPARy {5 5 i % K 8 i SONFH, [ i
S5 o FERIAIE FE A PRBF 78, 9y SONFH (¥R J7 # it
T 1) SE B A SRS
2.3 PPARy 5 PI3K/AKT {5 S8

PI3K/AKT 15 5 18 B& 4 & I 2 5 1 715 JIig 7 48
SRR, B ) AKT /] DLk i 5 76 A i 2
MR A AT, S BRI A M A AR ) 38 0 A0 R T A AR
%= . PPARy 5 PIBK/AKT i1k AT fig 3 [F] %) A5 2 i) &
BRI, 0E PISK/AKT 38 % & 1 55 PPARYy i
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PEAT B0 TR, A D% B0 4 S Bt I Sl I B
PPARY/PI3K/AKT 15 53t 6 tH 7] o 3 /) BT AR 4 &=
BL, W5 & AR 2 A2 2 Y PPARy 5 PI3K/AKT
Z TR R AH ELAE FH AT e 52 e I 7 40 B o0 A ) i A2 5 45
H, SIS R B PI3BK/AKT Al PPARy {5 5 i % e i 1
T B I R P 2 0 R M TE g 7 2B Ay At R R R
Vi EEAEAYY, i ) PIBK/AKT/GLUT4 i
% A1 mTOR/PPARY/4E H R X 5244 o (retinoid X
receptor o, RXRor) 8 &% il U5 % g AR T iE B PI3K/AKT
FTPPARY £ K% G A W A T BEAF 76 AH T A F AAH T
e RPY, AR R miRNA 6 2= A4 — 2 1
28 AT SZ e JIE BT B8 90 G 7 v IR AR B 15 5 1 I R
/INERFH R 5 ZR KP4 L 1, miR-27a KI5 W35 i
A ] PPARy, 50 PI3K/AKT 15 5 38 % A1 4 25 B
¥ 12 78 A 4 (glucose transporter 4, GLUT4) ff) £ 15 ,
{4 F antagomiR-27a #1 il miR-27a [F) ik, 7] LAHE &
PPARy [ £ 3%, B35 PI3K/AKT {5 S i@ %, 440
GLUT4 B3R IE, o35 i 45 B 56 UR JE B 25 B0
PECT FE R 7 20 B ) 3 A i FE H, BMPR1a 2 i i
Y H A R P E R AT T, 24 miR-503 (1R
ik 2 N B, BMPRIa %Kik L Ft, PI3K/AKT
& Tl A0S, ATERE PPARy (31K, #EM
4 5 15 107 240 M B oy AL A IR AR 2R, T I 2R 9E miR-
503 M| =47 BMPR1a, #Eifiii| PI3K/AKT {5 5 il
B, FFERLIX — MU ) 828 35 PPARy A1 At AR i A=
AR 2% 3[R (40 C/EBPa AT AP2), fif 1 3 A5 7K °F %
K, AT T 197 40 B B 23 AP o 3k et 5 25 L 3
2 B PI3K/AKT 1 PPARY {5 5 8 % ] it 75 5 5 AX it
A EAER, SRR BRI A

miRNA i i 2 P& 42 5 1 PI3K/AKT 1 PPARy
I, AR RCE A ) A S IR AR R, X
B BRI PR A B, PPARy 5 PISK/AKT 22 ] f
FHE AR 2 520 g 10 240 B oAk, L R I B i &
B, VA AR - R 43k, X SONFH 7= A 52 M,
I I R AKT-PPARY 15 5 i@, AKT mRNA K& &
FI Fif. PPARy mRNA K& FKF R, 5250
HNRARUSP A, X /N GE = AR g A OCHR AL
F W] L miRNA-21 7] 1] PTEN, 0% PI3K/AKT
= 5 B HE T 4 5% BMSCs I8 B 434k 1 40 1) g
A miR-210 @ {2 3 VEGF RiA, 0 PI3K/
AKTE 5%, H0H] g 73 A S -7 PPARy [ 3R
ik, FF R ECE AE O R B P B IR T AN Ossterix 1

FKik, MREE P, {H miRNA Wi{ 50 PPARy
5 PI3K/AKT {5 5 1@ % 5 £ SONFH Hy#f 7e 457, K
RIATAT I miRNA T 7l 5 miRNA 2 [7) S0, it
FURF € miRNA B % PPARy 5 PI3K/AKT 15 =i
% % SONFH & (1) 5% i Je FAE AL, 55038 R
A HAE W45 BB P A B 05 4k, TR A4y
Hr miRNA. PPARy Al PI3K/AKT i % [] ] BE f) 35
MOFAH EAE R, AT EEA# SONFH 1) 2w AL,
SONFH 677 $2 L 058 fU R 3R

2.4 PPARYFABCA1{ESiE%

ABCAl J& T ABCH¥ia R A XK, ©FEAT
MRS b, et e A R i A4 B P 3 i 3 4
LAk, DT s e [ B (R AU A A2 . ABCALE 5
T % sk R R AR R e, i HDL ks
()T R0 L[] 2 (1) 36 () 5 32 . PPARY {5 5 38 6 AT LA
s AR B AR WS AR A R G T, A . FE
JRAEA S . Rk, ABCAL fil PPARY 15 5 38 i 76 14
5 JE [ B AR A AT B R A EANEAE Y, PPARY (S
53 AT IR D7 4 M 23 A () SR B TR 1T IR, 1T ABCAL
15 5 % 5 R oA AN IR ot is bkl o AR
PPARy 15 518 i#% ¥ 3% A4 1] fg i i (i i3k ABCAL {5 5
T I ) AT, 3 [ S e I U7 40 M Y o Ak AN T e
YERF AR TUARW T, B3 SGE IR R B AR, R
RN AR & AR T B A R R Y B0 2 A
5%, f# FI PPARy #1157 . 78 ABCA1 Z AR ik T+ &
BB Z BN G, FARANEERSELHETR
B0, {72 PPAR B8 7 2 35 19 N T ABCA1 8
FIRIE, PR IR S IR [E B A TG K F, 980 R i
IR,

miRNA i i & % (1 17 4% ) 2% 5% i ABCA1 Al
PPARY [ & M Th g, 1X L4k 72 fig Wi A= plod
B BAEERE N, I SONFH /™ 4 #2m .
miRNA ji i 5 7 PPARy F1 ABCAL {5 5 i #% 7] LA
FE VT W7 AU . JIE [ A B L 4 SR B A
RORE I 77 R HEAE B i H A A
[ f ONFH [ X % . miR-33a i & ¥€ [\ 410 i
ABCA T FE[R] 1) 32 128 5 mel JE 5] B2 AR AR 1) 70 e, 3k
1M 51 & G 5 AR 25 6L . £ SONFH ', miR-33a [f]
AR IE 2 HH] ABCAL FIERIL, T80 g 7= % F1 5
JRHERRCY, LA PPARY {5 58 i, {4 JE 3] A i
M HDL & 52 FH, o757 A5 B R H 2 8L ;. miR-382-
5p Al BMP4-PPARy I ifi ABCA1 fil ABCGI [#£i%,
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93 /0 1 & T BTG 07 4H 2R (perivascular adipose tissue,
PVAT) {1 7% 1Y, %t SONFH & 43697 16 s 4
miR-17-5p ] PLi# it I i§ ABCA1 #1 PPARy/LXRa
55 @ 8%, A R D fE A 8R4 RE f T,
SR AR () HL 81 A0 AH ¢ miRNA [ FH A% 75 B gk —
A BTG E . AR RFAT ] HE ST ST miRNA 1
fa] 3@ ik i 4% % 1] ABCA1 #1 PPARY ffl mRNA, Z¥if
o A 5 HA S 58 B (0 LXRa. AMPK %5 [A] 422 5
mi R iE 5 ThAg, A SONFH (367 #4437 E % .

3 miRNA iF15 PPARy HHX(5 S E*T SONFH
{ER

miRNA {5 A8 1543 5 38 i A1 [ 2 52 1) 2 A
F, fESONFH [fi277 B4 EEAE A . @it T
miRNA [ A B E, 7T LU 1T PPARy (24, 1
PERSAE SO ER P BE, R 40 AL 0 2 2R B 5
R 1, E1), X AHRZ SONFH I & I HL) Fi T
RAETTER AR T EE S .

A2 Acta Physiologica Sinica, June 25, 2025, 77(3): 493-503

4 INEERE

SONFH J& & FHIG R WL XA Mg, T3
R A AR VRIT AR B SR L, 15
HAIG A AMEE R K . SONFH 78 B il R £ Bk = 45 57
PRI IZ W R e, R0 2 78 AR Bk = 4 20 2B
PR ED WP T bR, RN PRYA T R PR TR
KR, {#75 SONFH 697 RIUR B Al 58 o8 0
e A3 LLE AL . 4h SONFH Tl Ji5 77 76 A fff o 1
— U R R A7 T R IIAR ST, AT AT RE S B G
T DR R A SR AR, REA R AT R

miRNA A SONFH 2 9 HL il] = 25 5] 2 ik Fi
Thee s K1 7, BORER 2 P72 7R miRNA
£ SONFH f¥6 7 H BA EE/EH, 14 miRNA
T R % A6 N F & A ok SONFH (1) 2 B2 iF 57 5
M) 22— FEJERE VA I7 AU miRNA 2% 45 H#E IR PR
W B, 155475 miR-34a [ I8 5 4 il 751 MR X34 F T
W SRR R T, S TR B ) S A A R R B
Mk, REwmL, XEHFERH T miRNA 755K

1. miRNA %7 PPARy #8 %1z 5 i 35%F SONFH #91£ /)
Table 1. The role of miRNA in regulating PPARy-related signaling pathways in SONFH

miRNA HEIE W7 = SCHR

miR-27a PPARy I GREM1 miR-27a it 1 f] PPARYy [ 3 k20 IR 17 400 Mt £ 26 Al , 38 33 410661 GREMIL f) i sk 17
T A0 P A

miR-27a-3p PPARY/ApoA5  PPARyHll ApoA5 5 miRNA-27a-5p S 7k ¢ , miRNA-270 b2 4k g 0 26 s f 2. 1)
S

miR-33a ABCAI N A miR-33a.F+ 1 ABCA1RIA , 71 PPARy ¥ 15 IR AR 35 AL (e

miR-34c-5p  MDM4 i miR-34c-5p 131k f1 i # MDMA4 JE P, 2 1 #0011 2 23 v PPARy 46 1) 33 ket UV
I R 2R

miR-122 PPARy miR-122 F A2 (R 3k i 24, 10 8 D) 22 {2 R 4310 0l

miR-124-3p CTNNBI 5 CTNNBI 45 413% BMSCs #1534k , miR-124-3p b £ (e ik 5o 204k, 0 R 4 02
Rk RUIR 74k

miR-148a  Wnt5a/Ror2 JIg I 20 8 53 14 A AR BBV (microvesicles, MVs)iBid # il PPARy /KPR A2 #Eplifig sk, B9
miR-148a 77-4E T MVs 1, L1 miRNA-148a 23 g i 4 s 40 el 1k

miR-224-5p  Smad4 1] BMSCs I Ji B B4R 3E IS 43 4%, , PPARy {126 14 F+ &5 , 1fii miR-224-5p b i 2> #iih| 74

3 I M (2 g 7 2
miR-320a-5p RUNX2

L miRNA-320a-5p 2300 5l i 73 A0 02 25 i 5 A2 15 $1 miRNA-320a 32 35 F#AK T

[75, 76]

JE 55 A B < K5 7540 C/EBPo M PPARY 21 , Y/ BMSCs Fi iR 5 25 i

miR-486-5p TBX2/P21

miR-486-5p 18 2= il i 105 26 B, £ B IR #2540 (C/EBPa A PPARY) IR (3L R, 17

A7 AN SONFH R I T/ 18 » B 2842 8 1l 1

miR-548d-5p PPARy
IACTFIESE T R

miR-708 Smad3

miR-548d-5p i i B A AR 6 PPARy, #IHil DXMS i5 5 SONFH A\ BMSCs [y g 7

miR-708 #1#i SMAD3 i 1 i 2 #0 MSC J A o< 5 [l 2 ik, I R i ig iy B pleme /. 1)

CTNNBI1: # F % #4 B-i% 37 %& & (B-catenin); C/EBPa: CCAAT 3% 3% F 4 &% & o (CCAAT/enhancer-binding protein alpha);
SONFH: # & 1 M B 3k 3R 5t (steroid-induced osteonecrosis of femoral head); GREMI: gremlin 1; BMSCs: & #% 8] i T 4m i

(bone marrow mesenchymal stem cells).
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&l 1. miRNA J& i 520 PPARy #2155 I8 H6 SONFH A 7 2 i
Fig. 1. The effect of microRNAs (miRNA) on lipid metabolism in SONFH by affecting PPARy-related signaling pathways. Glucocor-
ticoids (GCs) induce SONFH via lipid metabolism dysfunction, reduced femoral head blood flow, and osteoporotic collapse. CHOL

and TG imbalance disrupts BMSCs' osteogenic/adipogenic differentiation. Dysregulated pathways exacerbate bone loss, reduced os-

teoblasts, trabecular degeneration, and vascular fat embolism. SONFH: steroid-induced osteonecrosis of femoral head; BMSCs: bone

marrow mesenchymal stem cells; TCHO: total cholesterol; CHOL: cholesterol; TG: triglycerides; HDL: high-density lipoprotein;

LDL: low-density lipoprotein; CHO/HDL.: cholesterol/high-density lipoprotein; ApoAl: apolipoprotein Al.
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