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Abstract

Glucocorticoids are widely used as effective medications for the treatment of inflammatory and
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immune disorders, but prolonged use can lead to many serious side effects, including osteonecro-
sis of the femoral head. This article reviews the research progress made in recent years in the pa-
thogenesis of glucocorticoid-induced osteonecrosis of the femoral head. It was found that gluco-
corticoids are involved in the development of osteonecrosis of the femoral head by increasing
reactive oxygen species production and oxidative stress, damaging endothelial cells and coagula-
tion, regulating lipid metabolism, affecting apoptosis and autophagy, as well as interfering with
the regulation of non-coding RNAs.
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1. 3]

[ B kIR B (Osteonecrosis of the Femoral Head, ONFH) /& —Ff i UL E BHER , 768 2 2R SR 12 80
WIS R, BE ka2, MR, &S ThAERIS[1]. ONFH /R —M Bk R M
PERFE LR R 0507, N B R UTE (RO BRI 22357 5140 [2] [3]. ONFH W] 43 A5 ARG 45 4 i 2,
Forrig s AR AN ONFH 5 32 21 iR PR 1 303 2456 FH B 52 57 383R (Glucocorticoids, GCs) [3]. GCs J&—
FKEBHIN R, ENERT T2 AR R A EEEH, AR RERN. SORE A
5[4, LR GCs TEA R T 2N, AR WA R ZBIER, BIERZEIE]. &R, &
IR S5 25 [5]. AR GCs i 1) ONFH EL& 4 20, B ERILET A, XLHEmPia
Wk T RME6]. PRI, AR5 E TELRR T A4F SR O T B AR LI 78 (1 Foln gt e, R0t 9 (R BIDIR A iy
5, NRE— D I PRIA YT SR AR E R SRR AR 1 R

2. ZiwRHLE
2.1 FEMS (ROS)ERME L RB =%

ROS /& 7E4H L E A BE AR, F 2 A AL B R A B AR AR 7™ AR 1 — R 51 B v B S S (AR
WWE=Y[7] [8]. EEA) ROS fE4HMI A H A B L HE SALEAEEER, (H 24 A s & 805 R RE A
JERS, 4 SRR N OR8] Jiazheng Chen %5 A\ & A K346 A1 15 (GDF15) A LA E 55 iH
HRIEAMTOR)E i@, I FhaHE AN B E(SOD). it A ib S H(Cat) I 4 bk H kit %1k
VG (Gpx)FE N T AR I ek, DT 0 i 1t R SR AR 175 3 1 i 1) 7 o T2l L (BMISCs) 1 ROS i ™
A, BEEEALIE R HT, 2% ONFH #EE[9]. Ning Yang 25 A5 R W], GCs PHILRZHE SN T E2 1%
K7 2 (Nrf2) 5 Kelch ¥ ECH AHRH 11 1 (Keapl) fE M5t A M# RS, TCIE KL Nrf2 Bl J5 4002 2% 8 1 Bl A4
fife, PP T U ALEE DR i M 21 3 N A UE-1 (HO-1) e s Bl IR, & 427 17 BMSCs ' ROS 7K, 5lifd
ONFH & 4:[10].

2.2. N 4Apai kR Ih sEFERS
P A B VG R N i Th e, BB K IR AT R S R, R LT A

][l
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S 40 0 RBE B 0 6 PR 4 L P R T AT, AT R 5 B 2L 23 0 AR ORI B2 0 #2[11] [12] - Huachen
Yu AWK IAE GCs MPER R, B Uil E 4 B 40 fi (BMECS) (IR e JJ PR, (L AR kb, T
W2%[13]. 1M Qingyu Zhang % A4t GCs il #2 = WA 75 T A 1 1o (HIF-1a) 1 ROS /™4, JF R
W —F AR EBF(ENOS) M RIE, FHEUME N KA AT, Q4% BMECs, % &3 1EH DiRe &
ML R 28 2 B B R B RN AR (K e U 25 1F, BMEC I 80 5 GCs 5 R IR B SR FE RN B o i Aa I AF 9%
[14].

ONFH  FRFAE A2 B T L fk R/ B 7 5 SO B S4B M 0SB T, iR R A Bk D) RERRAG, 04
AR TE AL E YRR T, Bl TSR A I PR ZE  #IKE T = SIBK IR 245 B PRSI B JE T2 [15]
B TR GCs il HEAI N AL, FEURE L BMMEHilA B MLTE R ZELNMARTER, M
P B S B IR [16] o b AN 538 i 3L FH DT 6 v R e 1) Bt SO0 07 440 B RS R R IR I A, X
BT S EBRE RS T L L, AT, B MU R SE R R T ORI T RMA &
7, FEREE SRR, BEEROE AR RO R, G gk, 53 ONFH [17].

23 BEERBRE

Jig AR 25 AL — J7 T BMSCs [7 Jig 17 248 Bt 82 A BEL O B8 PO ISR 1, 57— 7 T 53 A A v i
JRKSE, AR UILE I R AR, AR SECE N E SR, &L - AR R R, RASRE L
[18] [19]. — i 3 i 53 4H 2 43 M 27 GCs 512 ONFH £ I iR BURRIE R A a2, BARRIUA AR T 4-F
KR R A AR = B 230, TS0 LA 3= 2 (1L2) MR SR FE R -7 (TNF) R iR R s 82 o &5
A 1 (CREBL)A £ H 1I31A[20]. Yini Jiang 55 AN KL GCs 55 K B &k Hh i S A 1 B Ak 1 5
WS4 y SZAREE I (PPARy) RIEIE N, WG Wt (5 5388, B0 F IR I L2 ARG E A 5
(LRP5)F1 runt AH G 5t K7 2 (RUNX2)TE N I EE ARk, 51 KRB ES B L. MR A A F
JUE 7 PR PRI 384 0, 1 e AR 24 0 AR At YT R DA X — R AR, AT 157 ONFH [21].

2.4, ARCATF B

R B RN R 35 L2 e 2 P TR ST R v 4 1 - WA 2 T R s 2 Pl ), e A R R 1
BB AR T 2, RECERBOLEE, B SGRE, E E RSP RATRE, SR E A k[22].
Shi-Cong Tao %5 A 77 B 7E Hh ZE KA Kb FE 1) 44k 47 00 A 78 R PR RS 560 1) A 1 Adh B2 P P R BRBE RS o,
B LR ISR (PRP)ATAE B A WAARTE A ST I SIS BHIST CCAAT/MY 57454 5 1 [R5 25 1 (CHOP)
R B 4k IR 2 85 1 (Bel2)Zak i, AfiBH 1 GCs 55/ ONFH #8441 f i 1-[23] - Zhigang
Nie %5 AU A iR BB S 38 (GSK3) ik [Al i ok mI s 55 iy ZE KA Id i b A i A% 5| S 1) — R A AL,
ELFERCE AT RRARES AL . A EER C (CytC) LR ML O3 M 27 R 4 o T2 40 5%
HAMKIA24]. 74, D Jia ST GCs i & 51 A iy F 4. PUd 8 i 22 EEAE A T i an i
HAP T 45 3R [25]

W2 il — ORI I A R P B AR AL, DARERR DB R A AN #s F AL R 1, AR W T RE S 2B K4l
JUTE R F1 26 0F F IOAFIG I 8], (OO — /ML AR, B (A HRS, Gl RACERE v, S8
A28 B TIREM R F%[26]. Xin-Yuan Wang %5 A\ & B —F 35 21 254%) Pinocembrin J& ik 415 % i It LI 3-Fifs
(PIBK)/ ¥ B (AKY(E 5@ 0 F W, 4% 7 GCs 5 SR EAMIE T, A BT Hl AiEsT ONFH
[27]. Yudi Han 25 AJUI4& H M FEKRA °T 5 S B AR A2 AR, JF 2 FEIKEOCR, BW/KFIHAZE
F I ) AR T AR S I, TR TE 48 h IARIWEAE, SR NFE, B S RO 40 B TS 28]
9 3855 200 9 T AR DS AR R AR ELAE F W T GCs 15311 ONFH iEFE .
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2.5. dE4RAD RNA BYIBIE

MicroRNA(MIRNA) & —Fl SEEEL R 3 BRI X (3’UTRs)4E & ARG 545 /N RNA 43 F, | 125
LR FIA A% - Tingting Liu 55 AR 745 3 B m B AL A RE MIR17THG F1 MIR155HG H: K R4 52
T ONFH Z ARG, Jy ONFH (1) 5301 & AN T 577 £ (15T (k45 [29] - Fei Xu 28 A\ &3 GCs 5% miR-141
BEFRIK, M E2F #5535 3 (E2F3)1E N miR-141 15 4 34 58 1) #0 s e i A, 3t — 2P ks> 7 BMSCs
HIRCHE 4, i85 ONFH [30]. 53— Tl PRATE FE MIFR /-~ JS [ B 6 7 235 i A 28 miR-10a-5p. miR-99a-5p
1 miR-21-5p ML 7KF[31].

KAEIEZ IS RNA (INCRNA) & —R KT 200 MEHRR K RNA 7+, BAREAIARIBEAR, H
FEFE R R IA AN D RE R 7% o B EZEH . Shuai Xiang 25 NiEid 43 B 1E % AR ONFH &34 ) BMSCs,
RNA 7 %58 2 3 %%, IESZ T IncRNA RP11-154D6 {2 7 BMSCs [ 704k, i) 7 Big 1k,
W ONFH &7 BMSCs H{E7E IncRNA (1) 57 % 14[32]. Yadi Wu %5 A K3 IncRNA FGD5-AS1 it
FILEHE T HZEK N ALY BMSCs RO fIG5E, 0] 74T, NS E, IncRNA FGD5-AS1 AJ LA
454 miR-296-5p 1] BMSCs H 5 546 T FllL G A 17 3(STATI)FRIE, v ONFH JRJT He b ik
[33].

IR RNA (CircRNA) 2 —F IS HIER RNA 401, FEAFET AT, Jmid 355 AR miRNA
KTV FTHe . Xiaobo Feng %5 N &N T #1551 ONFH ' BMSCs [#) circRNA ik, FifiE 1
— AR LR SCEE circRNA, FRA circHGF, i it # 1] miR-25-3p/Smad7 441l ONFH ' BMSCs (1]
WFE AR E 701E[34]. Peng Peng 25 A 75 T circHIPKS "R f7E R [E B 55 S 10 ONFH A fE ], dlid e
] miR-7 AEGE Kruppel 1 4 (KLFA)/IMLE P B2 A K K7 (VEGF) & 5 i@ g 401i] BMECs FIE TS, AT
(RHE AP IGEE . JEAS AN M A BR[35] .

3. IhMNEERE

FAT, GCs i3 ONFH B ALEIRE SRS 1 HORE (L . MWAIIRACT 270 17K, AT
IRAIRZR GCs X B 4 AL B B Skt i B A A 0 I DD BE S5 7 T RS . 2 i 2 5 (1 36 R
#& GCs 5% ONFH JFARZ — A, T 2 ERZILEE R TR SR, 4HTf w7 kbl
XTI A TR DR U AE AN [ S AR R PR 7 T LS B 45 SR 2 AP AE 22 5 o B 45 R P 2 i
WEFEANIG R TE AT RRR , FEAE AR TT LUSE S b BE AR AT NEXT GCs 153 9 ONFH 3X— Bl 1573 o
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