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Research advances on traditional Chinese medicine monomers and compounds intervening in ankylosing
spondylitis-related signaling pathways

ZHOU Haidong', LU Yaohong', HU Liangshen’, GONG Li*, LIN Maohua', HAO Shipeng', YAN Jianbin', CHEN
Weihui', FAN Shaoyong® (1. School of Clinical Medicine, Jiangxi University of Chinese Medicine, Nanchang
330004, China; 2. Dept. of Sports Medicine, Hongdu Hospital of Traditional Chinese Medicine, Jiangxi
University of Chinese Medicine, Nanchang 330038, China)

ABSTRACT Ankylosing spondylitis is a chronic immunoinflammatory disease that mainly affects the spine and the sacroiliac
joint, the mechanism of which is closely related to signaling pathways, such as osteoprotegerin (OPG)/receptor activator of nuclear
factor-kB (RANK)/RANK ligand, mitogen-activated protein kinase (MAPK) , Wnt/3-catenin (B-catenin) , phosphoinositide 3-
kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR). Traditional Chinese medicine has the characteristics of
multiple components and targets, and is widely used for the treatment of autoimmune diseases due to its low toxicity, strong
specificity, and high efficacy. This review found that monomers and compounds of traditional Chinese medicine can exert anti
ankylosing spondylitis effects by intervening in the aforementioned signaling pathways, regulating immune inflammatory responses,
and inhibiting biological processes such as bone destruction, ectopic osteogenic differentiation, cell apoptosis, and autophagy.

KEYWORDS traditional Chinese medicine; compound; monomer; ankylosing spondylitis; signaling pathway; immune
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T2 B 2 80 28 R R R R
PR JTRCGE TR 12 W T B e s ey
WFFE & B, 24 ] R 4% I+ «B (nuclear factor kB, NF-
kB) ‘& 1# 37 2 (osteoprotegerin, OPG )/NF-kB 32 /K i
+F (receptor activator of NF-«kB, RANK)/RANK At {4
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(RANK ligand, RANKL) i 53 %& Jii i 1k 1 28 11 Joa i ity
(mitogen-activated protein kinase, MAPK) . Wnt/3- i& ¥
5 111 (B-catenin) B A L LIS 3 Vi B/ 4 11 it B/ L 3
Y) B A % E 8 A (phosphoinositide 3-kinase/protein
kinase B/mammalian target of rapamycin, PI3K/Akt/
mTOR) . & JE & & 4= £5 H (bone morphogenetic protein,
BMP)/Smads . Janus i/ (55 % 5 X s 0 R (Ja-
nus kinase/signal transducer and activator of transcription,
JAK/STAT ) %55 53l B i A= HEA THT A8 30 ] B e R A
BLUE SR A Y A R ST AS VRIS T ARSC
A A OGSOk, R GE G T P 2 B K B D 6 AS
AHOCAE il i ) T FUVE T LA AS By Il RGBT S 4t
2%,

1 ASHHXESHEE

1.1 PISK/Akt/mTOR{5Si&E %

PI3K/Akt/mTOR {5 ‘5-4% S i A2 2 i 19 20 M AR 4G 1
iz 3 AR RS R e Rz —, H
PI3K J&—ME B 5 % , Akt & PI3SK R el & S
THYEE S5 . PIBK/AKtmTOR {5 5 % s, nl
LA A W, R A B ) Beclind BYERIA 4]
I/ MATTE 1, B T 4 20 1 e, B B L TE B
Wit fe b, AS J ) SE 5T 40 i PISK Akt . mTOR £
FI BRI ALK F LR A ™
1.2 OPG/RANK/RANKL {5 Sifg%

OPG . RANK ,RANKL J&: 5 W) 15 J& Ji Rl [ fige 14 7
FLR T, HHp RANKL 5 RANK (9454 vl il i k5 5
i A 2E B T WK ; OPG /& RANK-RANKL-OPG fiff I+
() E 4y, HonT il i 5 RANK SE PR &, 1 it i
AN IFE" . WS K B, RANKL JE D] ) SNP rs2277438
AL 5 EDURAHE AS 19 5 A G, Horh #5455
P (GG FTAG) By P B2 AS KA By fa s L=
I — I I KB, AS B 1L H RANKL Fil OPG /K-
FHEt, IR £ W], OPG/RANK/RANKL 53 % 1
B 20 A R P R 4R A I AT RESE e AS
1) 2 SR P A 17 T B R
1.3  Wnt/B-catenin {5 S I%

W9 R B, BLARL ) Wit i 42 7] 5 J B-catenin 4 #5 2
PR , e 2R IR AR B A AR, Wt/
B-catenin {5718 [ A 3@ 5 400 ) S o ] R oAk L IR T R AR
RUBAEOCTT M. MAh , — Tl ok BAL IR 2 A5V i
FRMWIFER Y, Wnt/B-catenin {5 53 1 £ AS (11514
SRR IR AR
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1.4 MAPK{5Si@ER%

MAPK {5 53 %045 p38 MAPK i 4Mz S 1445 4
fiff (extracellular signal-regulated kinase, ERK) Fll c-Jun %,
FEA i (c-Jun N-terminal kinase, INK) 4%, Hnf 2
5 RARE(G 5L T ARG S Ao A R DA R g% R 5
FITEAL BF9E 2 B, INK 2 AS H g RYEZ H R S
B SRE B T RN ) 5 AS HE A B 4L T CD40 fY
SH 25 0 RE S BB 40 S F I AL, MO T 3 p3s
MAPK {5 53 f# , FEAIK H 40/ %= 10 (interleukin-10, IL-
10) (43I A WF9E & B, T ERKL/2 (13006 v] LA
PO AS R I 4N B P TL-18 AR SR 58 B F o (tu-
mor necrosis factor o, TNF-au) i) FE 35 , MV 20 4 R
T
1.5 JAK/STAT{ES &R

JAK/STAT {55 % 7] 2 5 40 Ma 34 58 534k A T AN
I PR T A AR R R T 2 5 SRE RN SR AR
IR I, L E DU AR D JAK2 BRI 278505 AS A1
O JAK AT JE 22 ff AS TR 0 T2 8t
FH L BAHESE &I, STATS B2 Ak 5] (STAT3-p
Inh) REBS I AS 15 HEL 4 B AN PN Rz 240 A 1) e 400 A -1
514k, 2 W] STAT3-p Inh 1] G %M AS AYE TR,
1.6 NF-xBI=SiEH%

NF-«B J& T % 5% N+ % % , 1 4§ p50. p52., p65
(RelA) RelB fil c-Rel , Ho Al 3 i3 5 NF-kB #1fil 2 1 (NF-
B inhibitory protein, IkB) Z< 1 4 il 73 (41 IkBa) AH
HAEF, AR AR PR REAS TR BRIRAS T JE 45 AS 1
PRI BIFST & B, 40 PR T CX3CL1 A3 i NF-kB {5
530 B E ML I 4 AR T R 00 i 534k, DA T D
% AS P RAE U™,

1.7 BMP/Smads if 2%

BMP/Smads {5 538 [ 7 (2 #3788 W5 i B &
BAEAT, Horh BMP2 A0S AN MR SZ (AR5 S 14
Y RIS S0 T LA S Smadl/5/8 2 (I RERR AL, W
FERINARIME IR AS B G T P AT 4 4t it HA
BE A3 A A 2 R | BT (1) BMP/Smads {5 538
RS2 AT 2 200 B 1 B A0 53 P AR R AT LR
2 HPAREKMEFREEHEXESEETMAS
2.1 %l PIBK/Akt/mTOR 15 S1@ B Tt AS

T R R R T A RN TR, A9 LB, T A e
P22 0T L BARE ALS i B i 27 4 4 i rp 28 5 IR T TNF-au
IL-1B. IL-6 7K °F-, & 3~ ¥4 4 Jfd o miR-23a-3p LA }
PI3K . W% 1k PI3K (p-PI3K) . Akt . B2 1k Akt(p-Akt) &
F A mRNA ik, F 240w e e -5 5k ) 25 10 [R5
¥ (phosphatase and tensin homolog, PTEN) # H Al
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mRNA iK™, 33X 2 W5 23 Bk 2 Al 3 PISK/AkY
mTOR {5530 %, 25 AS T8 5 AT 4 40 I 1) 98 i S I,
T AS PR HERE o B XUBE S R BB R R A
B, B AL R E 26 AR T . BR9E B, RT AURE 3 ]
N JH AS i £F 4 40 i b PISK | Akt, p-Akt, mTOR . p-
mTOR & [ FI 4 5E Al TNF-o IL-18 . IL-6 3%, F 40
JfLrft PTEN 235", AT WF 58 & B0, 3 XUBE 2 16 1] [ AIK
AS B L5 R BR B 1 G1/G3 AT PISK , Akt ,mTOR
T H B9 IR K DL K I3 H W AR S EE R 1 (autophagy-
related 1,ATG1) \ATG12 .ATG13 ,ATG17 mRNA [k
AP, 33k 3 W AU B AT 3 3k 410 i) PI3K/Akt/mTOR
{7 5 30 5 S ) [ I PRI P 1) ik, S A B
HEMIAYT AS. AT, 520 e FH 22 i U 38 W] 3 o
I PISK/Akt/mTOR {5530 4% , 1145 [ W3 AR 1 Y
FEIB M S AE BN, 1 5 A G RN, T & FE T
ASTITER .
2.2 8% OPG/RANK/RANKL {5 SiB & T 1 AS

TR R I T AET B A AT LU E T U AS
HR I3 T TNF-ou IL-23  IL-17 . RANKL /K, 3% |-
P8 AS B 1L T OPG /K-, W #AET B 17 nl 3d L 1A
2 OPG/RANKL {5 5l % K 25T AS WAE T o FR i 46™
WF5E B, BEANZ ] LLREAE AS /NERUIMLTE H RANKL #6534
K, THES AS /NEUIMLTE H OPG 63k /K-, 2 BH ANz v]
i 2 4% OPG/RANKL 15 53 % A 45T AS BIVEHT . F
FERIL, 35 B S o 24 10 vT AL R B 4l T OPG
F35, T UE BUE 40 M RANKL F% B 40 i rh RANK £
ik, RV 4 E 8 S 25 09 R aE i % OPG/
RANK/RANKL {553 8% , 41 il 5 F 4H BE 1: , vale/Di ik
T, N AS™ .t LRI A, T ET B L FHA
i B Gl 95 V7 ATk R I AR AT Y - 3R GA L 9% OPG/
RANK/RANKL {553 % , DA 11 400 1) ik - 240 2, k2>
B R, NI AS FET .
2.3 ##l Wnt/B-catenin {5 S1# B T AS

T T B IRIE S I IR I FERCSRALL,
WEE &I, H B IR FE S F ] i AS /N BB G 19 T I 4
Z1rh miR-29a ,B-catenin 25 1l mRNA ()15, R IPHAE
UK 9 A7) ] 38 1 P45 Wnt/B-catenin {5 5 18 1% & ¥4 9iE 2%
ASHIEIEBUNPER™  Z5Ha RSP S v & B, b
BB T BE LR AS B R ) 78T A0 A OB IS L
3B £ 1 A1 mRNA By 35, T 4 40 f v Wntba 25 11 1
mRNA 3K ; FEAR P S50 b & 3, AN B s B 5 vl 1]
AS/NEURMELH LU IncRNA HI9 BEH 363k, T AS /)
5ol R Jigk 2H 2 Fh Wnt3a  B-catenin £ F Al mRNA [ %34 .
T WA B RT3 40 /) B 7 O 2
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1 F2 H Y Wnt/B-catenin {5 5 30 #% , DT 0 i AS 1k
F M T 2R o R 2E A FR R AN 5y e 4 ) W/
B-catenin {5 5 i % , {0 HUHEIE B, T A HEHT AS 7Y
1EH .
2.4 IME MAPK{ESERTHAS

WFFE R I, PR AT 2 T 98 AS /N BRI rh e
1k p38 MAPK (p-p38 MAPK )/p38 MAPK . TNF-a £ 13
Tk WD HIREE O W AR A R R AR R IR P
1y A 38 o 10 p38 MAPK {553 fif , D% AS /)N ERUA
A A 5. AR R B, PES R AT LR I AS i
2R AE A Runt #HOCH 5% 2(Runx2) \BMP2 mRNA
FIR KL K INK A ERK A R (b K, RIS S &
AL IE PR INK A ERK 5530 %, 1061 AS BCET 2 41
)R = g7 A N ACI B S IR 94 1 IR =5 I Bl Bu gl il
MAPK {553l #% , #0 ] AS B9 LE 704k o
25 JEEJAK/STAT S SEHE T AS

A E T K R AT LU I AS B
A JE I B AR R JTAK2 | STATS 25 1 BB iR fb /K F- o
W AR Y K B, IR B LT R R AS JR I
TNF-a IL-1B . IL-6 . E W 4t Hd A% s il I N %= 1
IE ARG 2 T IR 2 E.  BEIR fk JAK (p-JAK) (B 1R 1k
STAT3(p-STAT3) F ik /K-, LI i T e Bk 8 11 G 1/
G2 FIJAK \STAT3 25 [ 365K o H il 0, i F A0
ik A AU AT 38 i E 5 TAK/STAT {5 53 2%, DA 1 & 4%
PrASHITEH] .
2.6 VB NF-kBISSEETHAS

WF5E R I, 22 ] FE AS /NERUALT 7 TNF-a
IL-6 IL-17A fly-FHLFE MRk, DI IL-400%k; TR
AS /INERHEAR SC T A 8URT Il fig 2 40P B R B O i 1 A T
AHOCTE SUFEEE 1\ Toll FE 524K 4 \NF-kB p65 2 [ 1K1k,
FEUH AL P T 38 2 R NF-«B {55, FRAR S IE S
M & HE ST AS BIAE ™. Si A WF5E & B, PEET R T LA
T H AS (8] 78 5T+ 4 A % R Ak NF-kB (p-NF-«kB) | IL-
6.IL-18, TNF-« & [ A1l mRNA ¢ &35, E 8 41 i
IcBou A% 4 53 R 141 2 2 A DGR 2 R IfIL 21 28 o 4 g 1
IR, FWAVE A 2R AT I8 o 545 NF-«B {5 5 B, 7
AS 3k BEARAE RN F R, B P A 2 ]
I8 L 4 NF-wB {5 538 1, FEAR A B, DT A 4547
ASITER .
2.7 iM% BMP/Smads {5 S1# ¥ T i AS

WF5E 2 B, B 2 e BRI TT LA T I8 AS R BRI 3R
TNF-a,IL-18.IL-6 mRNA ik, T AS et i 4 vh
HOga N T al BMPAZIK T . Smadl/4/5 % 255,
9 AS BT 4E 4 i Smad6 B 1 Ik, I E A E
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P T 5 1 3 1k 10 ) BMP/Smads {55 53 i, & 4551 AS 1
YER™ A WEoE & B, ME A4 T T U4 AS JRCET 4k 40 i
H Smad1/4,Runx2 2 F B R IE , FEAR AS BT 4 240 g o
A B B AR 3 ] Runx2 I 363K, AN &l v]
18 3 4170 ) BMP/Smads {5538 1, 490 i Bl 2T 4 20 v
g3k, T AT AS IPE ™. A BIFFE 3, 4D o
R B 2 L35 PR I AS AT 240 i Smad4 B 1R
& Smad1 B2 1k Smad5 £ 11 19 3R E K-, R BIAN S 5k
UKL AT 38 13 410 i) BMP/Smads {75538 i, 701 AS Bi&F
Y20 A Y B AT H AT R TS R Y R T
A 4D 9 UKL A 01 BMP/Smads i 3, 1] AS
JET AN B o3, TR HEHT AS PRI
3 REERE

AS & —F B B e B, FE RPN G
FEFEREE AU AE , P BE C SO 2R AT
B s T, EAE T R BCR A HHRHE G A A Rl 2
21, FECEHERHE WO RS A B e AT R
S, P E N A H R AR TR AIE ShRE T, AS R B
FRAE LA 1 RN A B AR AL A 18 P S B R Tk 2T
YAl Sm A, di 26 5 E A OC T B AR RN R 3 B B
FAM, BT AS LTI B S 2t B Th EE 25 B 5
ST FERIABITRA , BATZ 1005 2 20 B
125 BB CRIRTT AS BIHT T ) o A SCERIR LB,
2y URRN A2 5 AT 38 1o #  Wnt/B-catenin , BMP/Smads
MAPK 5538 i , 0080 400 e Jle 1A 5 ml i i 3045 OPG/
RANK/RANKL 55738 #% , 400 i e - A0 A Al s T el i
5 NF-kB {5 53 % , B AR A AE S 5 w3 3e 40 ) PISKY
AKt/mTOR 5538 %, P42 G5 S W 1 W 5 7 5 3 4
JAK/STAT {5518 % , AT A AT AS BIVEH]

25 BRI B O T 10 AS [0 5T AR B — 5 b
Ji& ABATAFAEAN I o B 5 AHOCHISE 28 vh TR AP S
F MBI, gz KA bl K BETT A1l R
5, A B PRS2 , BRA) 1 R 1] i PR AL AL 5 HL,
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AAE 7R 2238 AR LA FH AL A Sh 25 4 LA s 5, 3
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YA 7 102 A 59 7RG R R S 15 Sl B TS N
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