'—/'F‘L*‘

2 BR RS 07 T T Wt {55 18 SR A G RO BT ot

£ AL BLE ORVLERERAFEAFR,ER 4000162 ERFELFRINES —
WIERTHERGAA, EKX  400021)

FE4ES R285.5 XEFRER A XEHE  1001-0408(2024)05-0623-06
DOI  10.6039/j.issn.1001-0408.2024.05.20

1N

W E ORRMGERR R E R PR S RS R ARH, T R SO R B R IRAE . AT AR R £ A SR AR
ISR, do B RRANIE VR IR, PR IR T BT BRMRE R @A — S, Wnt4Z 5@ 5% AL IE IR M B-E IR E G
(B-catenin ) #9 22 3 Wnt 43 5 uﬁax R #i B-catenin #9 IE 22 $2 Wnt 42 538 %4, FL 2 A i 8839 7T i@ i A 45 B W R A B BOMCR A4 B AX
iﬂhﬁ@r MNEREE FEEFARTEREXRET L, B5R, SHTHLER(GeG S NG FB ZFEF)IUARTHLG (L)
BB EHEF #MM%F"TJ AR AE 52 VT 38 AL Wt 45 5 38 86 AL B R 1) FL R T A B AL R 4a B g e A RS AL

ﬁ’w}mfﬁn« TR RGANE, AT, KL G T b %8I RH 7 7 Wnt42 5 8 %A TR AT e A A b 3 B ia B A&
R A 09 W RS TR B AT 26 BT R AR B

KEEIR PR P2 A T B ARG Wnt 45 5B B RO

Research progress of traditional Chinese medicine monomer and compound intervention on the Wnt
signaling pathway in regulating bone metabolism
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ABSTRACT Bone metabolism refers to the decomposition and anabolism occurring during bone remodeling, and its balance is
regulated by bone resorption and bone formation. A slight deviation of this balance causes various skeletal diseases, such as
osteoporosis and renal osteodystrophy. Traditional Chinese medicine (TCM) monomers and compounds have certain advantages in
treating bone metabolism diseases. The Wnt signaling pathway includes the canonical Wnt signaling pathway, dependent on
[B-catenin, and the non-canonical Wnt signaling pathway, independent of B-catenin. Both types of pathways can maintain bone
metabolism balance by regulating bone formation and bone resorption and are essential for bone development, bone mass
maintenance, and bone remodeling. A variety of TCM monomers (albiflorin, catalpol and icariin) and formulas (Zuogui pill,
Yishen gugu prescription, Duzhong jiangu prescription, etc.) have been confirmed to promote differentiation of bone marrow
mesenchymal stem cells, proliferation and differentiation of osteoblasts, bone injury repair, and osteoporosis improvement by
activating the Wnt signaling pathway in recent years. Here, this article summarizes the research progress in the Wnt signaling
pathway regulation of bone metabolism by TCM monomers and compounds to provide ideas for the clinical application of TCM and
the research and development of new drugs for the prevention and treatment of bone metabolism diseases.

KEYWORDS traditional Chinese medicine monomer; traditional Chinese medicine compound; bone metabolism; Wnt signaling

pathway; bone formation; bone resorption
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BEEAEAR , A6 B AR J7 T HA —E L. AT
MWt 5538 8% &, £k b 24 B K 52 05 4% Wint 5
S O A B R, LU Sy b 25 B v B A
PRI A R I R 25 T i B (RS B
1 Wnt{5 S8tk

Wt {5 53 #J& i1 Wt 207 73 W 1 i 181 25
T %) 0 i 1) 15 5 RO086 B2 0, B 45 MR B- i 34 2R
(B-catenin) [ 25 81 Wt 5538 i FIASK A B-catenin (1 E
253 Wt {553 5 , £ 2EJH 75 BMSC F1E #HL 41 Y 4 5
FARM, 25 8 Wnt {5 5 180 % 10 2 e B AR ST RY  Jl i
0 Wh/55 43 WA K AT L AT Wnt C AR 5 37 A4 285 45 T B3
1 , B 25 B-catenin HF AL AEAX , DT (2 32 240 B3 5
I AR R B R B R385, 40 Wnt3a FLAR 5 46 1l
11 (Frizzled, Fzd) FIE % B2 I8 4 11 32 (4 AH C & 11 5/6
(low density lipoprotein receptor-related proteins 5/6,
LRP5/6) i) 32 1A 525 Wy 256, 100 hBE I 5 100 i s 38
(glycogen synthase kinase 3B, GSK-3B) i P, 51 2 IifF &5
B-catenin FLER ; 7 25 (1) B-catenin ¥ 7 #E A AIAZ , 5 T 20
JHL A /AR LR 1 5 PR SR B SR BV E T JE s A
Bk S B AR B . Wt/ (Ca™ ) 3 % Wnt/~F-
TAT 20 M M (planar cell polarity , PCP )i 45 | E 25 # Wt
{5518 438 13 Wntba B iR 5 Fzd | i SRR B AE L 32
& 1/2 (receptor tyrosine kinase like orphan receptorl/2,
ROR1/2) 85 & 7 il 2202 1 1% 22 B2 W% (proline-rich tyro-
sine kinase, PYK) [ 52 1R 52 & W 45 6 45 7 Bk s , A
A ZE S A A A T 8, P T U S A B R H
DL AR
2 Wnt{E5S@EEEEERIHAIE

A8 U B AT TE AN IR e S, 5 S AR R 1 A0
F18) B TR VAR i A0 N ) 1 FE I ) I s 25 - . 42
B Wit {75538 B 0 BMSC A A4 I A 38 58 AN 4301k
DA K T v 240 L P B R AL 5 A 28 M Wnt {7538 . Janwis 3
B/ 5 e S M S % AR TR 7 (Janus kinase/signal trans-
ducer and activator of transcription, JAK/STAT) . Hedge-
hog {5 5l 5 £ 81 Wt {5 53l R L 5 5 A4, 3t
) S T RS AP PR, Wnt {5 530 3 1T e 2
YA A A0 1 GBI A
2.1 REEBABMINSERK

P45 Wit {5 538 % 7T LU 2 B0 E 200 B 1) 7 A R
B, N E I U B . AR E %€ ) 19
Whnt 2 [, H:/p Wntl . Wnt3a, Wnt4 , Wnt5a/b, Wnt7a/b
Wnt9a, Wnt10a/b L K Wnt16 34 AT A = 34 5 5l 4 it
Hh i 22 LR 28 M Wnt 5 5 30 HOR 4R 45 A 5 R
B, 2 M Wit {5 538 B — 7 T E A B A0 S WA Y
Wt Fic {4 55 201 i 4 11 (9 LRP5/6 Fl Fzd IE2 (A4 4, L%
S A]S2 I Z0 i N B-catenin FeUE IR B O(E 5, ELIEMEIE

-+ 624 - China Pharmacy 2024 Vol. 35 No. 5

BCE RS, IR #E BT L. 53— 7T, Wt {55
T 5 HABAE 3 ) BRI I FT R A L L
W 25 & 4= & 1 (bone morphogenetic protein, BMP) |
Ak A= K H ¥ B (transforming growth factor-B, TGF-B) .
4T 4 20 9 A K R (fibroblast growth factors, FGF) |
Notch . Hedgehog H1 1fil /]yl 7 4 £ < A (platelet de-
rived growth factor, PDGF ) {551 ",

2.2 FAERHEARS LS EREK

Wt 155380 X B8 B 20 oAb A IR A 2 1 3L
1] Y A T, GG T e A 4 i A L 43, AT e ik
R B A M 53 A, TR S B AR L Ak . B R
W1, Wnt16 R i 300 ) S F 268 8 Wt {5538 % 15 4240 1
BB, A AT 3 0 A PR «B 32 AARIRO AR O AA
1% X F kB 32 AR 4% 75 1 (receptor activator of nuclear
factor- kB ligand/receptor activator of nuclear factor-kB,
RANKL/RANK) {553 A AN I B E 40P . Wntba
X P 2 R A A, RT3 S ROR2/c-Jun ZAE AR
Uit/ c-Jun 28 B L i (receptor tyrosine kinase like or-
phan receptor2/Jun N-terminal kinase/N-terminal kinase,
ROR2/INK/c-Jun) 5 54 344 4 RANKL 5 T (14 % B 241
R, TR] s, A ORI 3 ) 3 4% 2 7 Bk B 1
‘B 20 M5 1 B 40 R P 38  Wnt5a/ROR2 {5 555 5, {2 ik
B A e e
3 HWHBEEFMEFIFAE Wit FSERKEFKE
ESE]

R 24 BRI 24 52 D7 H4 AT a Wnt {5 538 %
P45 LR A0 A R B R A o3 A S IR
R B B R B, Sl RIS b 25 Bl AR
R TR 2% R R TR 4, AR
s
3.1 HZGEK
SR S

AT NIRRT 2 PR YR BRE R B . T
MC3T3-E1 4, A7 25 A BRH nl i i s BB A8k 2k
i [ 2 (bone morphogenetic protein 2, BMP2)/Smad .
Wnt/B-catenin {5 53 , it #F B 534k, I b8 LR
41 ALP.OCN . BSP ,OPN 335 s 15 8- F- P AL R Bl
Hh AT 245 A T X AT O R A s 2 ST 1A BRI
YERT, AT ids S BB 2H 2 b it B PR 3R, AL 5 0 45
Wt {5 518 B2 B2 A

2 YV ZR S TR A% 552 245 T TE B 40 5 K AL
14 42 43 B A5 B Y — A IO R 2 R AR A
SRR IT R L, A TR B AN T OR ELUIBRAE AN
BB 18 e RS, i 7 e R S Ny, 8 T
BB MBS T B OWASH 5 R B/ R A
Z1h Wnt3a #l B-catenin Y ik B H AN, X R ALR
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L Z 0] BEiE 1 Wnt3a/B-catenin {5 53 % 8 7 5 A7,
NI /N BB ) 30 %% B R dH OB AR RS S
U5 i e R, A BT AT DL Wnt {5 538 [, A2 iF
BMSC I BB 434k, [A]EF J 41 i b RANKL 2635 A 1
P40 i v 471 2 (osteoprotegerin, OPG ) ik , 1 il J5
AR A 20 R A B B Ak, DT B R 15 i A as
1] ) P T

ISR DA 1l B B I3 A 0 A PR B i 21 S
Yy, HoBE 300G Wnt3a/B-catenin 22 ML {5 538 % 5 Wntba
A 28 {55 538 6, 35 i BMSC Hh B 5 182 1l (alkaline
phosphatase, ALP) 73 W } ‘B 45 % (osteocalcin, OCN) 3
ST 5 1N U AN e S TRE o o= e R
WFSEHIE , PR SR T B A S 7R K B BMSC Y5
iV R ETE 87)] NN ibE = it S e 2
MC3T3-E1 4 , o 25 34 56 1 B A e e S 1 i
Fe3k DL K BMSC H SRR, I H X Wnt/B-catenin

5 o i B 1 PO VR H BE 9 B-catenin FEPTFIER A-H"

AE SRR | IZ AR AE TR i A L g i —
PR =R G . ARV RE SR iR Ab 3 BMSC )=
41 g v Wnt3a . GSK-3B il B-catenin mRNA z H 4K 111
Ok W B, X B R BE SR R MT R E L N W/
B-catenin {5518 I #F BMSC UE 706",
3.1.2  BEAZE

Wi 2R — R AR BS54 , AT R B
[8] 7 J&t F 41 g (human bone marrow mesenchymal stem
cells, hABMSC) ' Runt #H 5¢ %% 3 A T 2 (Runt-related
transcription factor 2, Runx2) F1 OCN & H & ik , [A] i i
I Wnt . BMP {5538 %42 #F hBMSC 19 BB 7346

FFEETREFEN EZEEER S Z — TR
SR, A AT 3 G 98 BMSC 1S 5E A ALP
P, E IR A L K (Runx2  OPN) LA B OCN ZE [ T LG
J&. Al(collagen I A1l,COLI1AL) FlBfE & 3Z 1K o (estro-
gen receptor o, ERa) . Wnt {5 53 [4H ¢ 25 [ [B-catenin |
B 4 5 45 5 I F 1 (lymphoid enhancer binding factor
1, LEF1) . % 3 A F 7 (transcription factor 7, TCF7) |
c-Jun 5% 5 U8 15 K F c-Myc] A1 41 ifg J5 3 25 11 D (cyclin
D) iRk, HiZ L yEAE H AT Wit {55538 B0 i 550 B
W7, 2 R A28 1 il A 5§ ERa/Wnit/B-catenin {5 51
FEALHE BMSC HEFE A H 7346

PEALH 2 M EALAR rh P2 O =2 E My, FEIR
HhSEE T, AT AT 2E hBMSC (11 5 Rl 58 ALP 1%
P, [ 98 s 3 (Runx2, OPN ,OCN, COL 141 il
BMP2) Fil Wnt {5 5 il % #H ¢ £ 11 (B -catenin, LEF1
TCF7 .c-Jun.c-Myc Fll cyclin D) 133k , 3 HFE AL H 2
JH 43 Ak B4 1 2 Bl BMP2 a4 4 119 4 4 57 Noggin 11
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Wt {5538 §% 4141 7] DDK 1 FELWT , 26 B 8 kL 1 7] 3 4o
BMP2/Wnt/B-catenin {5 538 #% i€ i/ hBMSC 13 5 Fl i
B,

LIS T 2 R U T LU A A — B 2 TG PR B, A
FERWT, LA AT LATH i 1 4 i ALP 7K1 OPG
Wntl ,B-catenin & [ 15 K F-, B4 M P i 51 i K Es
(prostaglandin E., PGE:) ,—% LA (NO) % 7 Fl RANKL
BRI X B 1L A W ] 3l i Wnt/B-catenin {5
S R T T RN B R, 2 i e A
3.1.3  EWIISE

/NBEBRUR R IR T BRI AR LR R )NVEE
T BE A% & 25 Tt 1% hBMSC 1 B-catenin . B & (1335 , -
H i Wt 5 5-38 #% 4101 1] 57 DDK-1 F1 siRNA B-catenin
Ji AT LAAIV /N BERE A A FH o 3 3R B /N R ] i S
2% Hi Wnt/B-catenin 15 5 38 i , ¥ hBMSC 9 i 8 43
A, ANBER A T 5 S SRR IR L ZEAR DY sh i S
PR 255 FH 1 2t B ST AT IR/ BRUBE B PO 4544, fnb
F TR/ EUBCE Y Wnt3a B-catenin £ [R5 K FEK
AL S5 v, W 2406 FH S AT 5 MC3T3-E1 4t Jfd B i
it RN ZIRZE R INBERAE R A AR
FHATBE-5 30 Wnt3a/B-catenin {5518 FE 3 PIAH O™,

32 HHEH
3.2.1 AL

A VAU HT BB 12 MO | Ll 2R B PR A2 A, i
PR TR ST IR e w45 WIFSE B, 229
ILRETHR B KO, BT Wnt/B-catenin {5 53 #%, 14
Wnt2  LRP5 & H ik , /> B-catenin [ , B JE & TE A
55 E MRS B A (BT A, 2 1T s R A ST A S AR
PN MR = A R Sl = A IS = = e oS
Runx2,OCN S5 (W3R HE B 534k , DT el B S U1
INEUE BRBEAS . 7E MC3T3-E1 4, Z2 VA 4L 5 24 1
B e ALP 23k (HUTER N H i) FNDCS SEH i, H
XF ALP Fe ik 2 EVE FHBE 6 o 76 P S DD Bk B BB A
B A R et W B AR5 L, > FNDC5 5 IR 1 ik o
J&i L 22 IR HL 1 Wnt3a Fil B-catenin 2 34 FUAE FHHL B i 2
P, 3% $2 78 22 VA AL AT RE S d A 30 FNDC5/Wnt3a/
B-catenin {553 R B4 28 5 1K) G AAIE™
3.2.2  zaBFREETT

% B [ 5 PR 7S R b 28 AL (Pl 22 L Ll 8 1l
2 RS PHRE ARZE AR IR AL I R b ek
R AR A S8 AR = ) A BRER S B
M4 BRIk . AFFEER T, 25 B [ U e A% 38 ik Wntba/
B-catenin {55 [ | 1# Wntba F&3A | T I B-catenin Fik ,
T 2 i A e A A AR /N R 4L b A A
Jogs i, et/ B AR AL
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3.2.3 FLAPfEETT

FEAPE R 7t AL AR R AR AR AR IR,
Il IR b TR 7 & BT AAE , TR A R
o WFTE I, R A 7 B S 2 e B AR
RUR BURCH AR 0B 3R B /NI SRR /NG
T RURI B /N AR F H .3 13 Wntba/B-catenin {55
3 AR OG- mRNA FIEE 1R TA KT, AN e 8
AL 5T S, AL d sy rets i
B R AME ALK B Wnt3a  B-catenin 75 [ 263K /K-, AT
B BAME™
3.2.4 G MEETT

I 0422 B 7 i s il )1 NS A
G, HAR BT A A A I R A . R s S 2
I3 AT i E 3 Wntba A2 #E BMSC i 74k, HH:
P& BB AR AT R S 4] B i A 8 1 (sclerostin, SOST) 3
KL S Wt {5 Sl AT G
3.25 AMEFIRE T

AMEF SR T ER B AR AN SR
WEFE K B, A0 ¥ 5 B J5 BB A% I 1 Dickkopf AH G 1 1
(Dickkopf-related protein 1,DKK-1)Z&ik, T i 8-catenin
M R GA FE A R 28 3 Wt {5 4500 B, fe 240
hBMSC (I RCH 7™ o MBS E 5 WREM H hBMSC th
Wnt5a 2 [ H)FEi5 , e SOST \GSK-3B & 1 i FE ik , 7
TR oAb, LR AT R B A e
326 HWANRETY

TWANHETHRES AR RS SH RS,
S BE AN 22 875 ), E ETE N T BB AAGE Y
BB o™, FHb /S I REIE N4 48 )5 1 BT AN A
IR R B AR R ITE ALP 55 i, £t a2F B 40 A 401k ¢
R 1 Wt B-catenin ik , A FE B B M0GE B 45
o e R T AR
3.2.7 fREAIK

AR e AN S AL T, 2
BROBURR ) 25 44 5 R0 o f JEE A E 25 245 1L %) BMSC
Bl K i o A A B HEVE T, LI AT RE S5 F 98 Wntba |
B-catenin . LEF1 A mRNA ;M H 4 321544 5,
3.2.8 I IMIEEK IR

T 00300 25 e Tl N2 LR (i R T SRR AR 4 2
%, HREf2E hBMSC 3858 S o34k , IO o iR Ak
Runx2,0PN .DLX5 .BGLAP #1 ERa L) J2 Wnt/B-catenin
{5 5 3 % A 56 #8 #5 (B-catenin, TCF7, LEF1, C-Myc,
cyclin D.c-Jun) mRNA ik, 3 H HAZ i 5 e VE 2
F ERa #1171 ICT 182780 Fil Wnt/B-catenin {5 53 % 1l
il 77 DKK1 i 40 il o 3 3% B i 4 i 4 n] i i
ERa-Wnt/B-catenin {5 5 18 % i #F hBMSC 3 58 F11 5l B
oA
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3.2.9 AN IR
A LS PR AR KR PEE IS SR

AT AL A 24 i 3 RE % T R BMSC i Wnt3a,

B-catenin .c-Myc .cyclin D1, Runx2 mRNA K H:4E &k

KA, 3T L Wnt (55388 % 400 4 551 RE A% 390 e AR 1k R 23

PRI VE T o 33X 4 7 b VB T i I 4 R i 3 55 Wt/

B-catenin {5 51 FEAE #E hBMSC 0 43465

3.2.10  HHKMILZ

HUARM L7 H B SR S U ZH A, L RE RS 2 4

T s B AT PR R R SR R, R AR R

b, H ol & 2 & Wnt3a, DKK-1, Runx2 ., 8 -catenin

mRNA K H 2K KF- o X 3d Y 245 I3 4 1L 3 AT 5E i

JE47 Wnt/B-catenin {5538 B 15 BACHACE,

4 Z5iE

ARSCRGE T T AF R v 2 i Wt {55 18 #% R 7

PR A SRR, % B v 2 B A | rp 25 52 5 2l o d 9 42

Wt {5538 B 42 i BMSC 35 BB, V8 3 Ui 404k, A

AP B T H . (E3A DETE LA e 56k 4,

A P2 Wt {5 38 B T Sh B K s ARG T

RE D, HORHR R T4 8 Wt {5530 AR T 2l

PedERCEVE RIS o B, 3 — 2B h 25145 Wt

{55l S5 I BRI R, IR R TEIES

i Wt {75 538 % S H 5 22 i Wt £5 538 A SR LR T

B g B3 16 AP 4 T 24555 24 0T A S AR B0 4 v
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