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FEE. WEMEBAS KITIE (steroid—induced osteonecrosis of the femoral head, SONFH ) 2 i T4 iz R A9 K (i ] Bre % 3 il
JBCHE SR FE R — RS, 1T SONFH B A MLE SR SE W, fRrEssAiiid. BFERM], BRSS9
W] RE R IR SR IR e R R SR BB RN R Z—. Toll ¥E3Z4K 4 (toll like receptor 4, TLR4) /#%%5 54 F—«B ((nuclear
factor kappa—B, NF—«kB) 4 {751 J% BE A Jo 101 PN ol dt b B 4 Y o0 B2 e R s, B0 NF-wB Ak, (LI 2854 R AR ek
AR AR A% A BB R B A B R RYEN T, W IRIE I F -« (tumor necrosis factora, TNF-a) . IR -18
(interleukin—1beta, TL-1B) . FIZIENE-6 (interleukin—6, IL.-6) %, il A0M A LIG58R, E W8 hn, (A0 pE Anie s
BB, AT, XMNENEWEREW, BIAERE, RATIURBE KB . RIE, A3 TLR4/NF-«B {5 5l #S
55 SONFH #FJE i n] BEVEIFLHIZEA T84, Ty SONFH TR Alva Y4 T %

KA TLR4 ZIK, BeiEkINFE, IR HE, &R

hESES: R3I8 XHEFRERG: A XEHS: 1005-8478 (2024) 10-0895-06

Role of TLR4 / NF—kB signaling pathway in steroid—induced osteonecrosis of the femoral head // XU Yu—juan"’, MA Liang—
chen', TIAN Fu=bao', ZHU Ning’. 1. Ningxia Medical University, Yinchuan 750004, China; 2. Department of Rehabilitation Medicine, Gener-
al Hospital, Ningxia Medical University, Yinchuan 750004, China; 3. Ningdong Hospital, Ningxia Hut Autonomous Region, Yinchuan ,
750400, China

Abstract: Steroid —induced osteonecrosis of the femoral head (SONFH) is a metabolic disease caused by the extensive use of glucocorti-
coid. The pathogenesis of SONFH is still not completely clear, yet there are various hypotheses. Studies have shown that the inflammatory re-
action of macrophages may be one of the important factors to impel the development of SONFH. The TLR4/NF-«B inflammatory signaling
pathway can be activated by excessive glucocorticoid in the short—term or long term, resulting in the activation of NF-kB, which changes the
original structural state of NF~kB, and then transmits to the nuclear promoter gene expression to release a large number of inflammatory me-
diators, such as TNF-a, I1-1, IL-6, etc. They inhibits osteoblast differentiation and bone formation, induces osteoblast apoptosis, at the
same time, enhances osteoclast differentiation, increases bone resorption and destroys bone homeostasis, eventually leading to collapse and
necrosis of femoral head. This article reviews the possible mechanism of TLR4/NF-KB signaling pathway in the progression of SONFH, pro-
viding a reference for the prevention and treatment of SONFH.

Key words: Toll-like receptor 4, femoral head necrosis, glucocorticoid, review
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M I Rk, NF-kB {61 55 {0 22 20 A% B s
LN S, BEOCR B RAE 5, U1 TNF-a, 1L~
18, IL-6 45, {EEmr M, JFm] e 2 i
oA, AR OB T, ERASENL, AT
SONFH,

1 TLR4/NF-«B {5 518 I &£ ¥ #1114

A S e NIARARA 1Y, WP TAE,
NN S E R AR L TS S SR BUR . =W S N
(pattern recognition receptors, PRRs) ( M FR[#H s
AR, BUN R 2B JRUA, AR DR ST 1 i A
A FHEzL (pathogen associated molecular patterns,
PAMPs) #ATHRIENZ . Toll FESZA (toll-like recep-
tors, TLRs) J& F ¥ ¥ PRRs %K W% , f 4 ¥ 5l
PAMPs ., PIRM:SERAE 5 M0 T (damage as-
sociated molecular patterns, DAMPs) 4§, M I #76 AIL
TR E A g . VRN AL I —2€ PRRs, BT
ISR ST, FE AT A P s e (5
PRHARPEN B T R, R R G R P
PR BRI, TE—LEIEL T, RS ARAE SN A] REXT
GIRESEIEE S

TLR4 J& TLRs ZERYHEEN L, 2 E ok
) TLRs AHOCEE H BT, | IZAFAE T gl im, [A]
IR S A B A . R AR T ER s, W
JEAT SR 22 [CBH PR 40 i N EE R 2B (lipopoly-
saccchsride, LPS) T {IHH|Z 1K ', TLR4 BA i
N A IRIFH (leucine—rich repeat, LRR) . 55
A ARSI Toll- LA A 22 1 324K (toll-in-
terleukin—1 receptor, TIR) %1, 24 TLR4 5 4R A HC
REia )5, (5B wfeide TIR ¥4, 15 TIR &4
Rk, IF SHERE L 88 (myeloid differentia-
tion factor 88, MyD88) #1745 4, JE AL TIR-MyD838
VSR G, MyD88 W 5 5548 AN 3= 1 524K
P B 1/4 (interleukin— 1 receptor— associated ki-
nase 1/4,JIRAK1/IRAK4) , [RII} AT SEAE R RAEIN 752
PRHAI L F 6 (tumor necrosis factor—associated factor
6, TRAF6), #47% NF-«B 1755 (inhibitor of nucle-
ar factor—kappaB kinase, IKKB), HTZ&7E IKKB I1EH
T NF-kB =R 40 i i 7 1B (inhibitor-«
binding protein o) A9 F AV 22 24 R 5% JE (1) P B R A
£ 32, 36 HwEMR L, ZJ5 IkBa #iZ RILIFFE
fif, B NF-B BRI IE AL, DA 5 A% A3 2 40 i
¥, SBEANRUENTIERR, REIERE A H s
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(I RIR SRE SN, 9 s 200 LR 1 A0, e
TR RIEE EEMER 7,

1Ml NF-«B & 9 5E S 3 28 01 LR SF 14 5% 55 I
5, YA B RS IS N-dii Rl PR 5 A 558 (rel homology
domain, RHD), ¥ k. #ENM LIS NF-
B A A EAE AR Y A IR
AL —FE BAA AW Dt —RIE K,
I H T p65/pS0 MM EEERG R, A2 TAMEE N 53—
PR A AR DR = AR 20, 6 4 M ot
. p65/p50/ IkBa F L. FEFFEVIRATS, NF—«B
S IkBa 256, LA =RIERIE A EE T4
Moirh, Bk NF-«B #E AZ40AAZ, BHWHE 56 D)
il T S R A RET

2 TLR4/NF-kB {5 S51#&5 SONFH BIX &

Wi B (glucocorticoid, GC) 3 i3 25 HL Y 5L
PR AL A i AR R ML, VR T2 Fh fare 24
Mo, 8, BRIEBURMGIEIHIVER, FEIRYT SRR AN
GoPE RGBT AR T2 N . SR ARG
RI, GCIRRERIFIRRIEM . TEHLAFN T, Sl
A B R A5 1R Myd88 K #fif TLR4/NF-«B
RIENF Sl 5 Rk, 51K NF-xB A#%, B
KR RYER -, SRR RN, NI PEELE#%
RGPy, PRAF IR AEIR, 5] % SONFH ', i
GC X} TLR4 /NF-«B 3 4 i385 n] BEVE TR e 8 1
70 (heat shock proteins 70, HSP70) . £ 2% # Uk 3¢,
TLR4 K HAHH 7 A0 53 Ak di st 14 (cluster of dif-
ferentiation antigen 14, CD14) & HSP70 {2k, &5
IR R R i A 1, Ak, LPS [ARJR A RE4S
4 LPS 454 M (LPS binding protein, LBP) & CD14
JE M LPS-LBP-CD14 =BtE &Y, =BE5WH
AHEAER, ATLLTS TLR4 {5 5@ 8%, fff NF-xB i
FIFFETE IR, TR RN AAEAZ , DTt R 1k [N
TR, ECEAME G TR A A 0, IR 20
N iioRa oot P i 11 i 1 S = A | = o
Ry B A A, e e Sk, SECE e
gt MR AE Y 7E SONFH 5 v R B
TLR4, MyD88 Fll NF-«B ) mRNA Fl % [ ) 3¢ 35 4B
AW BTIHE, FEAET TLR4 5 5 i 1Y K F 34
i o Adapala 58 "' BUIF SRR UE L, 7F Legg—Calvé—
Perthes R IR HEE L ERIE (osteonecrosis of the fem-
oral head, ONFH) %I TLR4 LA [ # ik & K 0E
$TH, MLZ T, TLR2 Ml TLRO [k i If A HH#
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WERWAE. FTLL, 2L TLRA/NF-kB RAE(H 518
H&FE SONFH Hh¥7i 5 EE A MEH]
2.1 TLR4/NF-«B i 45 i 4n i

AR I Rz R 2% ] AR ol i 400 5 i A
W52 (osteocalein, OCN), H B4, FHimE
AN R A, B BB S B I A R
BE. TSR AR I i R SRS TP s B E
BMAE, TRES WG B BB A T, F
B Y R L B E AT, SEIE Y
IEFARHE . BFFER M, TLR4/NF-«B 15 518 0 i
YN PT REA —E AMEIVER . Pei 5% ' 4E SONFH /)y
FLEZE & B, TLR4/NF-«kB 83 BSOS IF, 4%
dickkopf MIEEE A 1 (DKK1) LUK IE & s -3
(glycogen synthase kinase—3B, GSK3B) K& =4 5
W, S H/B-8EH H  (Wnt/B—catenin) 155l
#%, SETANESCE . IR & B, LPS it
TLR4/MyD88/NF-«B i fif , #Mil-H LA K EHE -2
(bone morphogenetic protein2, BMP-2) i 5 i) il{ i 70
ko T8 i AR SRS 77 Bay—11-7082 FHMWT NF-«B
B, AL S TLRA X BMP-2 55 Wil
SRR
2.2 TLR4/NF-«B i H a0 8 4n i

SONFH 3 72 H pR B0 1 40 6 %) % A g et 2
B, XN WSGHE AR, AT /N
AAFA /R E, IS B A, AT R
H S IRGC RSP o B A LR R P Pl — RE A W B T
Mg, fEabEk . BRE D RIEEENER. mbul
L TRTRPEWE R I (tartrate—resistant acid phosphatase,
TRAP) e AR b Hh 52 o B W A % il v 44t 3 PR s
PRI B FH -1 (monocyte chemoattractant pro-
teinl, MCP-1) A LUfRHF A%/ E AR 04, 774
R0 4. Tian 55 7 &, Bk RHFEK
L ONFH (IR TLR4 {5518 i i & ik, Hif
b TRAP ¥ B2 TH &, MCP-1 & 1K P 58 3% 7
w, B AR 2 | TETEREE, SR RO
i, R NI EER S, SRR RIS R
B IRBE . 3 H A0 R FR AN T e DA G
I, AR TR R IRE B E T, A
SR, TLR4 nIfE SR & A il & Az s, Jfhg
o HUE R I EE 'Y, Vijayan 5 " R A, EA
1% 38 3 T I8 TLR4 / MyD88 / NF—«B {55 538 i 1M 411
BRI AN % T I REE R AN, AR
YEH
2.3 TLR4/NF-«B il J 845 H i s b

WFFERMW, KA ORI R TR e AN e AN AE
fi e R BUBCR Sk B A AU B 4 R AR -2 (matrix
metalloproteinase—2, MMP- 2), EFEEREAK-9
(matrix metalloproteinase—9, MMP-9) mRNA {9 7K,
T ELi GE RH 1 56 T 4 J 2R I B 2 5 -1 (tissue
inhibitor of matrix metalloproteinases— 1, TIMP-1) , &
Ji 4 JE B H B L2 7] -2  (tissue inhibitor of matrix
metalloproteinases—2, TIMP-2) mRNA BJ3& ik, AN
W TR T B 5 R MMPs/TIMPs 8 B - 41
AOTEPERA I, A s IR, sk 200 0 T
B BE TR AR, NI BB KRBT > BEE R,
TLRA/NF-«B 3 f# 1] LA e of B 2 S A0 e e, e i
B EEREE, MIE/ NRET, SRRy
KIRIE . #HHE P R, MEZHE (astragalus
polysaccharides, APS) AJ LI TLR4 / MYD88 / NF-
kB 5 5 T AR, ML MMP2 1) %3k J MMP2 /
TIMP-2 3%, @ E I TIMP-2 mRNA £k, T
RSP RSAT-# . Yu 5 2 kB, [ TLR-4,
AT NF-xB il M7 5 W 20 53 45 MMP-9,
BE T MMP-9/TIMP-1 HCfE, JINEE RAE S .

3 XKMEFF SONFH Rk EEXEER

1E MyD88 i i) 28 #it TLR4/NF-«B 15 5 il #%
W, U0 LPS J& TLR4 28 7 5 AL UE T 0% NF-kB
IEHE A%, PEHE R A B A, e e
(TNF-a, IL-1B. IL-6, IL-8. IL-2 %), 0%
BRI, s ml, BRARE A, BIRERA,
WS % SONFH., H A5 4 2 1) 58 M i it PR 72
TNF-a, IL-18. IL-6.

TNF-o /& SONFH A& A= & Jé i i 25 22 9 A Jit
Bfi%F SONFH i A2t 2, TNF-a BB 420 E
Tt XFEBE R SONFH Z RIfFEE B VIR, &
o E AR AR TR, REOE I R R A
TE R WS e, B0 IRl Y Xu &8
FERIN TNF-o RECE 0GB A0 M3 s . onfk, B9
i . TNF-o AR DR S5 A, 8wl LA
HERL, HmEEE, SEERERE, A5E
TR, A TNF-a TG, KEEHZE M Runx
KM % ] F 2 (runt related transcription factor2,
Runx2) BYFIRANHI, BUdsrbae s 22wy, M
TE B > Geng 58 77 KB, WAKSYUIN 16
PO TNF— 75 S AR T, AEdEEIERL .

IL-18 22 585 RN 22—, BA
2 B RS B TR, R AR TR A
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SO el = [ (ORFER CNE 11 S O  = )
W B IL-1 AT DU b 9 K S8 AE S 0 B 2
H oA, MR M > B EAESE Y PR, B
HBERERE T PH R M N IL- 1B Ve, p b RAER
H O E ORI A, Bl 1k SONFH # it — 28 &
JE o IL~18 AR AT R B WBORIEGR , i HJ2
— A B BB R ) . Matsumoto 85 Y BIFSE R
B, 1L-18 10 T BMP-2 FiiL LA K F B1 (trans-
forming growth factor betal, TGF-B1) XJ & 1 W /) 75
T, WEREEEL BRI, 1L-18 BAFLESS
AW 2 A T AR A R A, TIA Bay 11-
7082 BHIMT NF-xB {5518 % /5 A A LD J2 3 4%
AREHE I

IL~6 7E& AU R g ke B B2 A, ]
PAGE BE B A B A A AR R, s B R, SRR
iR . Yokota % ™ KB, IL-6 R LA 5 Hi ik
A, FHFRCE A, fEIEE R TL-6 R
P 0 P e ) 7 20 L 2 200 L L 4
A 14 7 SR A AR A, T 1L-6 i
70 1 BR BRI ST AT 00 BN A S A AR
RIRFBFFE R, IL-6 7EB/NRE L A & K J id 72
Hg —E MM HIFE . Kaneshiro % ' &K, 11.-6 fE
W P A S S IR W R (Sre homology—2—contain-
ing protein tyrosine phosphatase 2, SHP2) /22 %4 5 341G
HH (mitogen activated protein kinase— 2,
MEK2) /MAME ST (extracellularsignal-regu-
lated kinase, ERK) I SHP2/# i Wt L 55 - 3- i it
(ph()sphatidylin()sit()l 3— kinase, PI3K) /2% 1 % B
(protein kinase B, Akt2) P&A5 5, XMWKGES
T A S R R AN Ak, B S EE
Fi#s . De Benedetti 5 ' 38, 74N /N AL
M P TL-6 ik, /N U s A B IR G2 A ik
DL BRSO R A R, T IL TL-6 1R R
KA EARH] .

HAb ) RAER T 058, {HX) SONFH /Y &R
WA —ERMEN . 2O 7 i i R SR
HABE RIIE, ZB TR v (interferon—y, IFN-
v) KRR IARAT W] BEJE SONFH & A= & Jie ) i
SRRl Z o I ELI 6 i3 K JO SR 5 24 W A7 Bl
T80 ML TEN=y BY7KF, AT fe EIRAEAT B2 52
LR B RIE . ARIESE 4R T 72 4] ONFH &
FRMIEAEA, JF5IE% AT AR B, H1L-33
(interleukin—33) Fl1 C-Z W #EH (C-reactive protein,
CRP) KA BT, ELIX Mg (OB 32 K g 1
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HEAR T AR o IR, X R W 1L-33 1 CRP Xf T
ONFH MR EREZXELZNEN. AR L
PI, SONFH # iy Ifil & * 1.-19 (interleukin—19) Fi
1L-20 (interleukin—-20) 7K-F & & T m, SR Ll
FE EEIRYT IR, 1L-19 i 1L-20 BE/b, RiER
R A 1] N G = B2 WA A i

4 B B2

SONFH J& th Z2 L . 2 Ff AL 22 3 ) 4 P
A—F BDRAS , PHA R R . Bk AR
fiX, WM& H NSRBI MERL . WF5E &I, TLR4/
NF-«B {553 % 5 SONFH Z [AIf77E B IR
B, WF5E TLR4/NF-«B {5 5 il # 5 SONFH 41 5¢
P, A BT B AE AT SONFH (9 &bl il 1Tt
SRS HERIRY Y7598, DATIT B 4l Sl PR S . (H
7 H AT T TLRA/NF-«B {5 5 il % 75 SONFH %t
i o i B JHAL ) 4 A 8 2 BB . 3 — 2B A
TLR4/NF-«B 7& SONFH H A A JRE, B 0of 3
e RRT L RO SE, AL SONFH FIB7if |
B2 TT I e H A B A U I R ) SEL
ML
S 3k
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