Y E IRk 2020,32(8) :3560-3567
Chinese Journal of Animal Nutrition

doi: 10.3969/j.issn.1006-267x.2020.08.014

BHRAMERZXERBEILES
Wt {5 5 M 2% 89 1E A L #l

o REX e EBRC
(EHIAL R SRR AR A SR T A S SRR TR R SE L M 510642)

o
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1.1 28 Wit 5SEK

22 M Wt {55 ( Wnt/B-catenin ) 18 & f 3505 16
T Wnt Bk 5 52 14 4 ith 45 1 (frizzled, Fzd) 1~ 10
R A7 AR B A 26 1 AH DG 324K 5/6 (low density
lipoprotein receptor related protein 5/6, LRP5/6) A9
A XA SRR G S REST
B-catenin 7K T, 3 11T 5% e #0566 [A] Y 2R 56

KPR T, B-catenin #% 5l 75 11 ( axin scaf-
folding protein, Axin) . 4% iz it 83 V£ B A 8 H (ade-
nomatous polyposis coli, APC) . [i% 25 FH 4 i 1 ( case-
in kinase 1,CK1) FUH A B% B4 38 ( glycogen
synthase kinase3B , GSK3B) FrIE il i) &2 & W K5 fift .
BEARA T, Axin 5 LRP5/6 BEfRIL BB &, T
AW AR (A5 M BT B-catenin 15 DL R ]
HHm AR, 5 T AP /i LY 58 15 7~ ( T-cell
factor/lymphoid enhancer factor, TCF/LEF) 45 &,
ZWG M Wit (55 0 B Th AR EE R I Rk, &
B Wt {5538 B A 1 R,
1.2 FEZH Wit {5 SEEK

Ak 28 3 Wt {5 5 38 5 7] 43 Sy 40 B - T A M
( planarcell polarity, PCP) ( Wnt/PCP) il [ F1 45 25
F(Ca™) Hk it (Wnt/Ca™ ) 1 1%, 5 Wnt/B-catenin
W EEAH L, AR 28 8 Wt 5 538 B TR A - A 2
A=, A A B-catenin [ &% iz | (B N £ P i 5%
ES RN

Wnt/PCP i % -, Rho GTP [ifi 5§ Rac & H 1Y
G 43 ) 51 Rho AH ¢ 3 ¥ ( Rho associated ki-
nase , ROCK) I Jun N 7R ¥ {4 i ( Jun N-terminal ki-
nase , INK) & 4= W2 AL 200K | e 24 5 BUA0 15 22
ZH Bl A0 L PR TG . T Wnt/Ca™ 3l B, R B S I
JILEE — B2 ( phosphatidylinositol-4 , 5-bisphosphate ,
PIP,) 43 fi# 1 & i) UL B% = % fR (inositol triphos-
phate , 1P, ) A fih & il P Ca™ B RE I, 2 11 98476 26
1 C ( protein kinase C,PKC) . %51 & 1 i it
Il ( calmodulin-dependent protein kinase II , CaMK
11 ) 5555 9 #h 22 W R % ( calcineurin, CN) , 1z 2 CN
BT JEE T A% R T (nuclear factor of activated
T cell, NFAT) SZ 80X 4 g (i P8 /1, AR
#it Wt {750 WKl 2 Fios,

6 F-state \ 6\1 -state \

Wnb
3 <
- | || T & Frizzled—
| [fyto,membraneg _ — P % —
AXiD_APO
v
B-Trep Recaiepin
ub -cateftin
Proteasomal
degradation,
’ 5=
e — ——
Cytoplasm—— —_
“|Nucleus v
> Target gene

L PR apay y N

OFF-state ; A # 1% IR %5 ; ON-state ; 8 75 tk 25 ; Cytomem-
brane ; 21 fifd JI¥% ; Cytoplasm : 2 Jifd i ; Nucleus ; 20 i £ ; ub. 72
%1k ubiquitination ; Proteasomal degradation ; 25 [ ifi {< % fift ;
Target gene: #1JE [K ; LRP5/6 . {1k % B i 2 11 A G 52 14 5/6
low density lipoprotein receptor related protein 5/6; Frizzled .
ZREE 1 ; Axin: {1 & [ axin scaffolding protein; APC;
25 1 B9 1 )5 A B 1 adenomatous polyposis coli; B-catenin ;
B-FEINEE H ; CK1 . % 2 H 4 1 casein kinase 1; GSK3(:
W E A RIS 3B glycogen synthase kinase 3B ; B-Trep: FH
i#  H B beta-transducin repeat-containing protein; TCF/
LEF. T 2 Jifl P/ 9k B 3 55 X F T-cell factor/lymphoid en-

hancer factor,

B1 Z8 Wnt{5SE%
Fig.1 Canonical Wnt signaling pathway!”’

2 BHINERKAERBE

HHESI )5 LY T B 32 28 k2 U8 T %l 55 Hh i
2 ( paraxial mesoderm ) """ 4, 5z h IR 2
A1 i B ATE B AR (somite ) |, Bk 3R 28 3K B LA A1
T AT B LR P AR & i ok ek AR Y
RS> & B IE A B2 WL ( dermomyotome ) |, 4%
Mo EE RS 1 A5 8 LAH H—A L ( myo-
tome) , 5 b [R1 B, UL PR AH 40 B A A= Bz WL b it —
M TE It 5 AR LS Fl 5 8 BB B L, 38 4 LA AE
2 {75 31 DO O B R UL, T2 4 A 7
IEB B A
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Wnt/PCP Wnt/Ca®
QWb
————— Frizzled NP - - e
— WFpLc DAG ———
i PIP,
hed KO
Rad) (Rng ip) o
* y
L } — ER
aNK n  CaMKID
ROk o
CN)
N\L%/t‘oske]elon NEAT
Cytoplasm == o ———=
T Nucleus ,—» Target gene

a 'y 7Y Ve

Cytoskeleton ; il Il B 28, G .G & BB Z & G protein-
coupled receptors; ER ; P} it ¥ Endoplasmic reticulum ; Vangl;
Vang ¥:#5 H Vang like protein; Rho: Rho GTP [} Rho GT-
Pases ; ROCK : Rho #H & #{/iff Rho associated kinase ; Rac; Rac
M Rac protein; INK; Jun N K 3% # fi# Jun N-terminal ki-
nase ; PLC ; #IG i C phospholipase C;PIP, . B 5 Bt LEE — 5
i phosphatidylinositol-4 , 5-bisphosphate ; DAG : H il i di-
acylglycerol ; IP, ; JLEZ = %2 inositol triphosphate ; PKC ; £
[ C protein kinase C;CaMK II . #5134 % II calm-
odulin-dependent protein kinase II ; CN. 5 i #it & # 2 fif
calcineurin ; NFAT . T 4l J}fd #% [l ¥ nuclear factor of activated
T cell,

2 dEZ 8 Wnt 5518 8%
Fig.2 Noncanonical Wnt signaling pathwayM

B LA dE R A EE A D) T —Fb
{57 F LK ( sarcolemma ) A1 2 JiE % ( basel lamina) 2
[ 9 B A& T 4l —— D R g AR T R
TR LTS | 1 B T AR TR 80RT 1 JILET 4E 5
A SZILEF 4 B A e — A B
Pl )t AR Ok T E 6 & 5 S I 3/7 (paired-box
transcription factor 3/7, Pax3/Pax7) AL M 948 75
[AF (myogenic regulatory factors, MRFs) f% 1F i %
B Pax3 il Pax7 JELAE ALY 2 > B 1 DA
T, Pax3 Fl Pax7 BH M 4H M43 73 76 I Jifs 400 0 4 14
Xof B LAY A o R P A B 0 Y MRFs
FIE N 0 AL % A WL F 5 ( myogenic factor 5,
Myf5) JLEE%E A F ( myoblast determination pro-
tein, MyoD) JJLIA 455 94 35 [ -F 4 ( muscle-specific
regulatory factor 4, MRFA4 ) F1 )L 40 il 4 5 R ( myo-

genin ) 4 FiFEH | HAd Myfs Fl MyoD 78 T2 41 Hg 34
B B & HEAE T MRF4 A1 myogenin 7€ 431k
TR R LR, DA fih 2 LU 434k R S 3 R A 3R
RO WL AR B B L PR AR R 3
Jiis

Embroyo Adult

b O,,
Demomyotome $

& Myoblasts'

i Ofi,,

Myf> %
V-' MyoD ’09 Myocytes
P " MRF4

A
()
ax7 %;
Ares . ]
9\< Myogenic  Satellite  Maturel &, N Ry
W 7 progenitors cell  myofibers\, %, &
%, S
S
%' 5P

[ —_——

Myotome Pax3 Pax7  Myosins
Pax7

Newly formed
myofiber
Myogenin
Myosins

Embroyo : J& Jii 1] ; Adult: 5 {4 ; Ectoderm: 4P i )2 ;
Neural tube : #1445 ; Myogenic progenitors : JJLIEH 41 i ; Sat-
ellite cell; T3 2 41 ffd ; Myoblasts ; i JJL 41 ffd ; Myocytes : JJL 41
fifd ; Newly formed myofiber : HIE ML 4 ; Myosins : JILER 8
F1; Activation: {75 ; Diifferentiation : 43k ; Fusion ; il 5 ; Re-
generation ;: Fi4: ; Pax3 . Bt ¥t & %% 5% [l 7 3 paired-box tran-
scription factor 3 ; Pax7 ; it X} & %% 5% [K F 7 paired-box tran-
scription factor 7; Myf5: 4 L Il F 5 myogenic factor 5;
MyoD : i Wl Y& %2 F myoblast determination protein;
MRF4 ; LA 4557 815 A F 4 muscle-specific regulatory factor
4;myogenin ; JLANfE A B 2

B3 FRIEREINABETREE
Fig.3 Schematic representation of embryonic

myogenesis and muscle regeneration' '’

3 ZEAWntESREBEEERINEKEAST
KBEE

HIAWF IR, BT B-catenin ik 2 FHK
BRI FET Y | I X 5 LA B %% A s 4 4 K
Gy AR R LS I R o B o, A B 5T & R Wl
5 SE BT Myf5 R s S B LT i R
ZEHFSEUESE Whel AR 1% 3R 3K J& - Wnt/B-catenin
AT A B LY A LY A i R e
H Wnto6 5 5/ 5 1 28 Wnt {5538 [ Ge 4k 15 4=
FELHT bR HA B FE , Wato 55 6tk & 5804
WU 25 BRIt R o )2 0 n IR g & B
# Wit {55 30 P 3 o 4k I8 58 R 1 (lymphoid
enhancer factor 1, LEF1) 5 3 (& [F] BYHE 2 ( pituitary
homeobox 2, Pitx2 ) 5 A 14 45 & I8 45 UL (1) K /)N,
AT 5 W U i 5 LA i
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s A 5, 2l Wt {5 530 1 3 2R 4
B LT 20 M A 38 2 R e AR R 5T &
B Notch 155 [1] Wnt/B-catenin i #5548 2 g ff T
B A HE A LR 4346 0 I A A ST R
1 Y 1) Wt/ B-catenin 15 -5 7K I 45 B #5 WL A=
A T 2 i B RE Y L AL 2 B-catenin BRG T, LA
20 o A A ] 5 B-catenin i3 kI, LA 40 73
fRIRAT, BEAL, MiBE APC LK% S B-catenin 1T %
R ST R M TC L UE A SE BE ] 5 R AR Y
FET- L ARSI R BN Axinl 3 PR 36 A PR
T 28 Wt {5 530 5 0K 8 TR 20 M g 5 e
ARSIV T R, A, Wnt3a A8 IR
28 M Wt {5 530 [ 2 ELE2 TR B 310 K (follista-
tin) 7K, MTT A 08 102 40 i A B w44k W
JT Wnt/ B-catenin 38 #2058 1 AH CAH S S8 T
2 Wt {5 5 38 B A JF TR 40 B o fk X — 45
WS EA RS, A B 5T % B Wit/ B-cate-
nin 38 F% 0] A2 U TR 40 AR 4 3 5 R0 H R ST, T
B Ik ILIR R 43460 56 T4 8 Wt 5 5 ¥ 45
BERK AT KA, B SCk T Mo TR
AR,

4 LB Wt ESEBREBERMNEK
XERBHE

JE 2 B Wt {5 538 f 2 5 2 IR B4
B R, IR T R A Y A FR BT T
A, FWRBTE & B, hAMER /A Wnt7a
SRAEITE MyoD W3Rk A3 BRI 23X Fl 323k 1T LA
M7 T bad i 28 8 Wit [5 538 B R 19 Myf5 &
A=k A /N B IR iR AN AR AR B 3% s
PKC il 57 & 5 SO 3L [ MyoD W38 F W, iF
—AEM T Wnt7a i i PKC 4K 8 19 JF 2 ik 42
et T Myfs By FREPY ) R B 58 45 L Ul W) 7
Myfs Fik A 2 5B B, B Wnt7a A R £ i
Wt {55 18 8% Al 0 Myfs B3R5, N5 -5 17 1Y)
JERG B LAY 2R B, BeAh, A AT R B Wl 1 {5
55 I 0T AL 40 B 1 ) AR AR R B R R
Gros 210 R SAMAIA T of Wntl1 ThfE S S 2RI
WA e A KA 2L, 46 M ESE T Watl 1 J2& 3 i
PCP 3R 1241 F X — 800 ; B8 Ji S5l 2 Jmy 3 S5 %
ik Wntll f8 & 2 o048 WL 40 B A9 2 1), UE B i
Wntl1 4 51 PCP & 42 BB B35 i 7 307 L4 i 1Y

SERAEK,

HRWAE K R e g, JE 4 Wat
5 i T A R AN A Y 2 R T R
R, ARSI, fE A R WntTa 5 Fzd7 45
4,7 Vangl2 WP B T #7E Wnt/PCP 18 % 8 4% T
bR DU RO R /e a1 I N L 4 10 R N1
BNLENLE AR Y S —R R, 1
/NEBE AL Wnt7a 4B i & e o TR 40
PRI RN AL 4EIE K Wnt7a AL
M 05 200 6 1 344 5 ok A 3 7 R BB b A
B E EEAE . AU &K, WntTa 7] $00G
DvI2 F1 Racl >3 5 /)N BTN T3 248 it %) i M K
SE IR IERS ) N A T 9T A B B[R] £
Wnt7a b BHERE & 2 02 FF L P 20 20 v i UL 40 i 1)
BORIRE A . LA, Floriane %5 36 % B Wnt/Fzd7/
Racl i 19 1 8 B 2F s LA i il 5, 32 v 2 4%
AILET 4 Fb 5], 26 W Wnt7/Fzd7 76 L UR 20 i 7% 4 3]
ILE A B 2T 4 v BE B b T 5L 40 i i 9 8, 12
BCVLAR B A il Sk L DR B0 R Y T B L L%

Ak 245 88 Wt {5 538 [ 38 52 31 HAth 7 19 94
0. 5415 5 T -1 o (hypoxia-inducible factor-
lo, HIF-1o) 3 3 4 22 M Wt 5 5538 #% L F L2
A MyoD )%k B 38 hn 4 st 5 L), e &5
FOULAE B AR B RNA miR-744 G838 1 80
Wnt5a/Ca® 38 % i 3 A2 3F 14 S 4= L5 40 il (4 43
R BE Ak, B 5 36 & B Wnt5a/Ca™ il 1 1) I
PEAE X TR A0 3 sl A MR . c2C12 /)
SR LA B 1) 43 AR K 56 B IE B Wnisa R T L2
Mo AL X — W N TR A, IS R AR
C2C12 /N BE A & B8 Wntsa B 42 5 7/
S ILET 4 AR {2 Whrsa 15 3638 02 15 52 1
A T 40 ) 398 A LA B Sl /N BRI A K R IR
T B — R R AU, WntSa 38 HA 17 ¥ 40 i
B A ERS B T RE B ELAR LI 1 R B L i
Z I DR,

.2, Wnt7a F1 Wnt5a 76 JE 2 #it Wnt {5 53l
B T kA AR 8 B R R T LR R Y A
FHGE Z — (HIEZ M Wt {5 558 5% P =l Wt
FEHMENEE 20, A, EL 8 Wt (55
) 5 % R 4 B A S ST AT AR X B =, 1 T
it —2 5T,
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5 ZAMELZA W ESERZEN
Bk &

U 2 MUFNAE 28 81 Wt {5518 B e B 8 LR
ERKRE R Ois 52 B b iV 1T 4& A 0 (H
PR B i LA O 92 O 3 58 A il Sr R AT, MR R
Wt 55 X 48 XF A= i 17 20 09K MEJR 455, ) B Wnt
BOAAR Z ] R 28 8 5 4 28 M Wne {5538 % 2 (8] 1 B¢
R EH L,

Wt Bt {4 H 3 2 300G 245 88 Wne {5 5 B, 40
Wntl \Wnt3a, #5330 % dFE 22 i Wt {5538 #% , 1
Wnt5a Wntll 5% 5% B g {K K [6] |, Wnt7a 7]
454 Fzd5 W06 P9 40 B b & i Wi fF 5
e O A AT A RS A Fzd7 B0 TR 4
(AE 2 M Wt {5 5380 2% R I8 45 1 % UL 0y P A= o
e, Wnt7a 770 2 Fh D RE A L8 75 T HLIEXT WniTa
FIR R & AR A IR R BT EE 22 M Wntl 1
FERARSESIE R ARNGERD  AHS
WHE T &) Wntl #1 Wne3 15 5 8915 S 1E
FAMET 3t F W] Wnt LA (4 43 W0 B A — 52 A s
FPE

R IUE A AR 4 8 W {5 530 #%
A T A0 A 3G B T 28 B Wne {7 53 K 90
T AR ol 184 B 1 T 00 LB i E A AT AR RS e
71 TR 40 v i ARl 2 S BOR B IL AR R
W R 3 IS Wnt {5 Sl R TR
LI AN AR OCHE I R . FEZ M Wt {5 5
Brh, Wntda 2 38 o B 1R 00 R G i RS 3B
( glycogen synthase kinase 33, GSK3p) il B-cate-
nin 1Y FEf#E , (175 B-catenin R4 15 ARG
FEHERIE  H 5k A SCHR 3R B Wnt3a J2& i 2 i
i PCP 4% ) Rho/ROCK K A2 it GSK3B H W
AL, 3 3 B AT BE A7 76 S Al i 1 98 26 B A A
28t Wt {5 5 3@ B 78 A W] B Be i R ik, TE
R-spondinl (RSPO1) %M ik /N, Bentzinger
S0 B T A A I o AL PR 461495 0 8 st 3 R o
A IE IR Rl A 580, i 45 R 2 T 48 Wt {7
A B AT AR 2 8 Wne {5 38 B 0 B Br B
By, VLT 2 (8] A7 e AR AL R O B i i L
() IE 5 A

i LTIk, g BUREE 2 Wt [ 508 B 2
(B B 2R, A Z [ py U AR R e T
LA A ) 2 E AR 0 DE B SE AT, (HAE C B 54T

HXTBEZ . Ak, 5T M & Z 18] B 3l 25 1 S A
HAR SR i — PR E

6 B E

Wit {55 M 25058 245 C A I 40 4F P58,
TR SY Feb R R VR IG 7 T 7 J 1) 30 AR i JUL T 1)
MFRF HIE Ay 1k, % Wt {5 5 0 25 18 45 5 L
R AT RAHA TR Z 5 P E L L Wit {55
i L, FR o 5 T AR & M Wt {5 538 #% B SRR
UGN J7 [, BEAh, T AR Wt {55
A g PP 2 S 2%, HG R R 4 e R At g
RPN T Wiy T HAEZ A0 E 4
i Wt {55 3 % P P AT 08 1 D RE 1)) 7 2 — 2 4R
Fto Wt {55 R 45 19 2 257 i F AR 248 W (55
i 2 o B HAR T RE B 2 A R SC B A
MROAS B R RN A e DG U, X Wne 55 9 2%
2 A TR AR MRS Dy I 3075 R R 4 B R P
Jo T A A4 EH A0, A o AR S UL Y B AR T
ST A SR K 7 1)
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Mechanism of Wnt Signaling Network in Skeletal Muscle Growth,
Development and Regeneration

YE Mao SONG Zhiwen JIN Chenglong WANG Xiuqi”
( National Engineering Research Center for Breeding Swine Industry, Guangdong Provincial Key Laboratory of
Animal Nutrition Control, College of Animal Science, South China Agricultural
University, Guangzhou 510642, China)

Abstract; Wnt signaling network is a complex signal network formed by the canonical and noncanonical signa-
ling pathways mediated by Wnt ligands, which regulates the growth and development of the body. Skeletal
muscle tissue has a precise structure, complex functions, and high plasticity. Its growth and development are
strictly regulated by a variety of signaling pathways, of which the Wnt signaling network is particularly impor-
tant. Previous studies have shown that the Wnt signaling network is mainly involved in embryonic skeletal mus-
cle generation and mediates satellite cells to regulate skeletal muscle growth, development and regeneration. In
recent years, research on the regulation of skeletal muscle by Wnt signaling network has become more in-
depth, and exploring the synergy between canonical and noncanonical Wnt signaling pathways has also become
a research hotspot. This article aims to review the involvement of Wnt signaling network in the regulation of
skeletal muscle growth, development and regeneration, and to explore the interactions between canonical and
noncanonical Wnt signaling pathways. It is expected that the regulation mechanism of skeletal muscle growth,
development and regeneration through the Wnt signaling network will provide theoretical basis for livestock pro-
duction and basic research, so as to precisely regulate muscle growth and improve meat quality through nutri-
tion.[ Chinese Journal of Animal Nutrition, 2020, 32(8) :3560-3567 |
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