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[Abstract] Osteoporosis is a common bone metabolism disease, with a complex pathogenesis that
has not been fully elucidated yet. In recent years, studies have found that the Toll-like 4 receptor (TLR4)

signaling pathway plays an important role in the occurrence and development of osteoporosis. TLR4 is an

important immune receptor, mainly expressed in immune cells and involved in the body's inflammatory and
immune responses. In osteoporosis, the TLR4 signaling pathway can affect bone metabolism and remodeling
through various mechanisms. Therefore, exploring the role of the TLR4 signaling pathway in osteoporosis is of

great significance for the prevention and treatment of osteoporosis. Research on the TLR4 signaling pathway
provides new ideas and methods for the treatment of osteoporosis. Future research should further explore the

mechanism of action of the TLR4 signaling pathway, develop more therapeutic drugs that regulate the TLR4
signaling pathway, and verify their efficacy in osteoporosis through clinical trials, providing more options for

clinical treatment of osteoporosis.

[Keyword] osteoporosis; bone metabolism; Toll like receptors 4; signal pathway
Funding: High level Key Discipline Construction Project of Traditional Chinese Medicine by the State
Administration of Traditional Chinese Medicine (National Medical Education Letter 2023-85); Lanzhou Youth

Science and Technology Talent Innovation Project (2023-QN-12)

B FLAAGE C(osteoporosis, OP) HIiEENLEE BRI K. /£ OP ¥, HESEW
Wkt SRR RN Horb, S0 Y R R R AR R 4TS ) R R RS
FRRD B B S A T R IR ST DR R A A A MR RS L B RO R
BRGNP TERT SR T SRR G KA S B R AR AR R VIR B AL
FEZ MR, XML RS TR EZIEM . Toll FEZ24K 4 (Toll-like 4 rece
ptor, TLR4) & Toll FEZARGE P K BB R 1, T AL S il b A% E . BFFE A0,
TLRA {5 Sl B L E B AFHEEEM. &5k, TLRAGSERSS 1 a4
W HIR, TLRA A5 S EKIE r] R S0E R -1 BB TBORT S 0E S L) R AE B k4, TLR4

155 38 e v] g2 20 M (1 7340 . Wang S5PIE TR B, FETH FE R, 90%1) 65 % LA I
NHEEEAT OP; £ OP &, 45%LL ER A HEAMEA 3. OP I AR H M m B R &

U A RN A RS2 s R T B AR, B, FERE OP JATF R fE I 8 O
M7E B,
1 TLR45S1EEE



1.1 AR EH

FESRPENE T, etk TLRA AlEZI A N T2 lE 2 8% (lipopolysaccharide, LPS) ,
HEEE T, SIRRIERR, Z5REMNEN. TLRA 558 M0 ¥ ZAH M A TLR4
AL, EAR LPS. #iBh&H CD14. #EF 04k &E -2 (myeloid differentiation protein-2, M
D-2) . TIR % (Toll/interleukin-1 receptor domain, TIR %) , TIR I AHE 1 MEENE L
JR Rk MR 88 (myeloid differentiation primary response 88, MyD88) it iyl 1
ANAYIMAN R 1 2 A44%E E (Toll/linterleukin-1 receptor domain- containing adaptor indu
cing IFN-B, TRIF) KBzt TIR MAGEEAFEAWEEIEH, #5345 5 M&®
FOIRGEAT S AL 7E TIR 3k, MyD88 2 EEMEHLE H, 15 TLR4 454, JHHi% Tt
MESEA, AahRERME. b4, TRIF MEEEFEREH, 75 TLR4 454, A3l
MyD88, & NF-x B, 5| K#4EKRMNEP, CD14 A1 MD-2 12 TLR4 {55 38 I () 5 F 4 1k
#lsy. CD14 2 —FiiBiER A, W LPS 454, KL LiHss TLRA U9, MD-2 5 TLRA 454
JE R HE RN LPS (IRAIRE YT, AIfHE 58 (5 5 1 S, By EiRE A A8, o
fH B 72 5 Hodh o s A R 7 32 AR 4T A1) 77 Cinhibitor of nuclear factor kappa B
kinase, IKKs) FITHZiHTK T C(interferon regulatory factors, IRFs) 2, (&t 4, %
B AR a0 R SR AE 32 AR A 55K F (TNF receptor associated factors, TRAFs) 1 TAK %54
®H 1 (TAK1-binding proteins, TABs) 2525 | TLR4 {5 5@ 5 518,
1.2 HHKRE

£ TLR4 5 Sl B BRI, TLRA RIHMKRERS LPS SRR IEAEM, filk
—RIVME T FEM, RATPERIE RN AN E RS, LPS &5 2 It 1/ 40 i BE 1)
FEHRNSY, & —PRE e B S AR AH 5 7 T4 X (pathogen-associated molecular patterns,
PAMP) , R #¢fid T B RGERA I 51 K BN o 17 TLRA {5 53l B H 0SB e ki T T
LR4 5T LPS Mg &0, 7RI e, LPS w541 H 1) CD14 (E W4 i 2
bR EMEE D 454, Il CD14 ¥ LPS ## % TLR4A/MD-2 E454) . MD-2 72 TLR4
FFHBER H, BERSHESE TLRA XF LPS BRI MK A%, LPS 45T MD-2 LJ&, MD-2
FIM SR A, (M TLRAMD-2 HEWIBGETESM]. —H TLR4 5 LPS 45 & TE i
AR EY), TLRA W5 MD-2 TR ARI B ARG K), HARE S-SR . TLR



4/MD-2 —JRARSE KT BT R M B 5t A G5 485 DL (R B A, JRAEAS S SR R 8
TR, MR, TLRA R AMIER 5 LPS I JE 3 N {E 5 4% 2oL,

WU TLRA/MD-2 E-EY)RENS 53l 2 4> E 2l MyD88 1R i M id % Al TRIF ik
WG, F MyD88 Wit EEg ., % 1 TLRA/MD-2 & & RENs 5 38 B 45 M 1 2R 3 B 45
£, XMAMHEAER TG — RV NIFES 2T, B3 IL-1 S2ARAH I (IL-1 receptor as
sociated kinase, IRAK) fll TRAF6 %, iiil IRAK-TRAF6 E & AKITE K, 55 Al it—1
i 4 NF-xB 1 MAPKs 148, ik JORE R MG A OC L] (i TNF-o. IL-1B+ 1L-6 55D
RS AN IR, IR S SR, 78 TRIF fOBiEid e, TLR4/MD-2 E&76EM% 5 TRI
FEAGS, EmsE PG 5% S. TRIF FIBGERT 51K TANK 45540 1 (TANK-bi
nding kinase, TBK11) # IKKi BffRft, & FE IRF3 WM. IRF3 A% FH A g1
iz Cinterferon, IFND LKL, INRIAOAE S BRI G N o il BidAE = 3 34t
0T, TLRA (5 Sl B R 51 R — RIVRIE L, A48 5 3 SO B R ) e o ks, sk
SAEARN CUnELERGR . A ROIRGE IS A0S A AR R - AR A6 19l IR P IR R A
L MR, JLFERMER T TLRA {5 53l B AN L A

TENURA, dERe S R 2 A7 b B JOME S RE 5 R B, A £ 2 o 47 ) 48 B
7y RNA (microRNA, miRNA) PAR a5 s F A5, v A 00T TLR4 15 5@
PRIV AR B2 R SORE B P B R 1200, B A a1k B2 1 (monocyte chemotactic protei
n 1, MCP-1) fgfix 5 C-C ¥k 75244k 2 (C-C chemokine receptor type 2, CCR2) &4,
) TLRA {5 5 i@k v e, 1L-1 SZ4R4H5¢8 F (IL-1 receptor accessory protein, 1L-1
RACP) fEf¥ 5 TLRA/MD-2 S5 EAFEM, 0] TLRA {5 S8R HIBGE, 55 2R S
(L2, 2 [R5 5 5 S| 85 11 (suppressor of cytokine signaling, SOCS) ZFh
1 (SOCS1. SOCS3 &%) it il JAK-STAT 15 S8k, 1) b 25 40 HO 0 5 1 28 o [
T, NIMTRSS TLRA 15 5@ % 51 & 1 20 SR 23T, miRNA 7E 1 425 58 R 3238 FE 5 it
EME ORI E AR . K, miR-146a REEE L 1 A 4% TLRA (5 5@ 1 NF-xB /5 5
W, PESE R TR R BT A IRAKL 1 TRAF6 255 501, BB T4ERr%
REFA7124, miR-155 REMSHE A4 2 N RIER 1 RURIE, SO ROE S RIFEE . (R Le i
™, miR-155 WA GFORER T, i1 TLRA {5 S8 1iE 112l

2 A% TLR4 (E 5@ R{EHB AR



TLRA fEB B A A b RAFEZAE A, Rl e m R . TLRA {5 5@ it i id i
BEZMiEe, FSREARIEE. s, 258 IERMERAEY R . Osterix &
— U A R R S R, TR K B I R T i O A a2, Cui ST ST R,
A5 TLR4 {5 58 B& m] {22k Osterix MIFIE, MR I BB 40 M 1) 70 AN TR RO R . HAR
M5, TLRA 55 @EEHAMEIS, 4k FE NF-«B {5 Sl iEtE, #Emifeit Osterix %%
ik, Osterix 7ERGAE M IFRE K 5 EHIEHAREZ VIS, TLRA (55l giEd
V1 Osterix WKL, W EBEWE LR B8 78540/ (bone marrow mesench
ymal stem cells, BMSCs) J& R [l BB 4o K& 40 A A0 G 1 40 i 55 22 PP am i &R 40 1
Z BE4N 28, Shen ZEPME 7T R B, IHHT TLRA {55 @ B 7] {23t BMSCs FISEFI A k. H
IS, % TLRA (55 @ ¥ T 55 BMSCs [ B E A 74k, AT 3G N & 4 20T
AN, TLRA {5538 #3& rT H1) BMSCs [0 i 7 A0 A IR RE 7, AT 62> Jig 77 4 L 0 T ik
BE— PR B G R o BT A P R A B A T A I SRR, L BT AR R A AN 2y
W R, MR BT T . Yu BRI, TLRA {55188 ol e k5 4 s
e BART S, TLRA {5 S IE S T TR IG , WISt B 40 th ™ (A S R R R L B R Wl (a
Ikaline phosphatase, ALP) . & KA (bone morphogenetic protein, BMP) Z5f¥)
Kk, BEMARIE 35 A A AR, AT HE B A HIBEAT o B BRI 1 20 B B 1S B
A AESL, TLRA {5538 B v] (]2 R 4% B T SO G R 3Rk . BRAURIL, TLR4 15
5 TR R A R R Runx2 SR FRIABY, PRI AL TLRA {5 538 B 76 & T i b 1A
FANLE, AMIGRERT B A2 AR, 30 Bh T JF R a 7 5Re& A1 254«

3 FYS TLR4 (5 SBERHIHI B IR UL

FEEWWOI R, TLRA 15 Sl B P B2 A (1, A5 5 I8 n] fexd Fipy fia 7
OP HAEIEIRIT AR . fEEWRIGIFER, TLRA {558 B A0 AT 8 i £ Aoy a0k 26
KRB, Liang SR FE R B, TLR4 {5518 B 1E0E AE 08 75 5 RO 40 (e iz difie. B
Wi N IAE) FEBUIIER F, W TNF-o. IL-1B A1 IL-6, IX 8 58 K1 A B3R 1 R 40
(R E W I EAT o BEAh, TLRA {5 510 B B0 L 7] S a4 M i) o A FE AL, 3o
XPEHA Y. Bk, $0H] TLRA {5 18 B 0SB T80 SO5E 1 OB, IR &
SRR, f T TLRA 155 @ B MU AR T MyD88 ik it i 7241 TRIF Mk 1842,



DAL L P 1 3K S {5 53 I 1) S B IR 1 1T 5 28] TLRA {5 5 55 S 03T . WEER B, #0if1 My
D88. TRIF %5540 T IR ILSIhRE T A Sl % TLRA {55 @ B B0E, M Ta i 9858
PR 1R 7 A AR A B VA BERAER B MRS PR SR A B9 A R 7 1 RSO 2 R 4 28 K
EEAEH, DR A 9 RE DN T 1R AR AR O PR B IR B B B, Yan S5
FORIL, I TLRA 1558 8% A G JUFMK TNF-on IL-1B S RAEF 7 10724, PRARAE B
UM, SELEE IR IGHERE
4 BT TLRA (S EERAYIATT RER

HuTZ Mt TLRA {5 SlE MBI K, IX L2549 n]id sl AN R0 5 5 i
HIGE, 0045 TLRA F5F077). TLRA (5 5 S4liH51] . MyD88 5 TRIF #7155, ik 2454
A M JRE [N T P AE AR, DR g OPREL, # i 5 se Rk B, Pl ikl 403 OP
KR MLE P 2E B F/KF, B OP KER M E % B, HARFIMLEI AT A5 40| TLR4/MyD8
8 JHPRAH G o XS H IO SR B, WA HI /R AT A RUE S 4422 f5 OP [k fe, HLHR iz 2
OV EL K BB B 1F) 78 R T-40 M 1) TLR4 324k . BRSSP UNCKRBEF 0 Bl 7 — R T8N 10
02.6Da. &f 8 NREAEMIIFIIN, XAAYNEVEIRATHE TLRA 15 Siles, SURHEUE K
Jeor e amid, 1Egz OP HEFE. TRUILIRZEVART SR I, RN RERER PI A7 RcE Wks M OP, H
P20 TLRA 15 5388, JRBRNIARRAE SN, 3 1 oo BRI 5 350 v i A RS
BEMIRG E L. eAh, —Lerh 2 Rk bl R LR MH] TLRA {5 S IEEIMEA, A
M PEEE LI, I BOKIREE . B SIS TR I, AR B R E i A
il TLR4/NF-xB BT OP KERMIE IR, M, 1S &+ FeE s 1K
S, HEMTAESE OP. R4 VAR TR, 1 2F 8 SR A B 78 7550 vl i ¥ Rl TL
RA/PISK/IAKT 15 5l #, #EMZEMARA OP Mk, ZE&MWSIT LB, FEF £ IkAEnsE
i TLRA 15 53 400 ol 8 5 Ak 20 6 0 A A B 4 i, 081 RIS, E503% O 25 BTk, 410
] TLR4 {5 5@ EK F] RE2 MR BER TR F0H] B RS ) — R AT 8w o Je i B )15 5 0d %
VAT R F R AR RVRE IR, H0] NF-xB RS 2 FhigAe, WA 2 TLRA /5538
BT, IR OPo ASKHIE 78 RLAK LR IR AR TS TLRA M5 5@ B AE & AU P E R, HF R
ZHRIRYT SRNE, ATRB AR ST E RO SR A 2 R AR .
5 INEERE



OP fEJy—Fii WA B AR, ™ BN B E AT iR AME R . TLR4 {5 5@ B AL
OP MR AR e RIEEEAEM, ASCXH TLRA (558 B TE OP W fE FAMLEI A TIRYT, M
TLRA {5 5@ B AL S S WaE SRz . B T A E IR PER], DL SR E S
AW B [A)RO) AR E T MU BEAT 1 VRAH 1A

TLRA {5 5l B (E OP ke HAAXEAEH], BErIfieidt OP (A JE, thml Xt i TiasT.
XtF TLRA {5 58K £ OP MM, BARH AT TIRAWIIL, (BUFAEVF 2 A BUA it
— BB IR 15 Y, X T TLRA {5 5l S 7E OP 1 B HAR PR AL A1 FHAE s v AN 2
ARRARANIIIG; 2k, BIAMAZES e E, = e rin R8s . ik,
SRAFIT S 2GR TC, S SCIR A RAE NS RE F 1. Ledh, BUA T I5 IANE,
ARBAAAEENRRE, FOANERBNBARTBL IR A SR ML MG, DR
AWFFE TLRA 5518 B& A 1E FHHLA] . AR TLRA (5 58 ER7E OP HriI/E AL HI0E 7t 2 B
1SR, ATRBIFIATT OP $& At 54 24 1 S ms AN 72

FEZETTER: kG TR AR RS, BRI A ERMARAL Ha%
FITR BT &I AT SCH L NN 05T SRS s FRAR Tt i SO R AT

FlRHR: FEEEYERRAFERNEHR.
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