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Progress and prospects of the effects and mechanisms of
myokines in regulating fiber type transition of skeletal muscle
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University, Yangling 712100, Shaanxi, China

Abstract: The fiber type transition of skeletal muscle is an intricate and essential physiological
process in the body, significantly influencing both the function and metabolism of skeletal
muscle. This phenomenon is not only affected by external environmental changes but also
intricately regulated by internal physiological mechanisms. Therefore, exploring the
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physiological process of muscle fiber type transition holds considerable significance for the

treatment of human neuromuscular disorders and the improvement of meat quality in livestock
and poultry. It has been discovered that the cytokines secreted by skeletal muscle, i.e., myokines,

play a role in the fiber type transition of skeletal muscle. Myokines mainly act on skeletal

muscle in autocrine and paracrine forms to participate in signal transduction and regulate the

fiber type transition of skeletal muscle. This paper reviews the functional differences among
various muscle fiber types, expounds the effects and mechanisms of myokines in regulating the

transition processes of these fiber types, and prospects the future research directions in this field.
This review is expected to provide theoretical support for enhancing the meat quality of
livestock and poultry and treating skeletal muscle-related diseases.
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P AUL A o o 55 B B UL
14 2 1k 22 KRR R LA 72, n) i 3 2 gk
BZ 5PN gL R L, X —id AR
B E A K LT, E2maEas e D6
AU REPE . HRTC 3248 B A LR IR 2
5 VR LEF 42 B AV A A FHAIL TR © 4 240 1
i, i YR R] 7 AR R AR A AR K R 21
(fibroblast growth factor 21, FGF21)ill i ¥ {b A4
KA F-B (transforming growth factor-beta, TGF-B)
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Figure 1
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Role of muscle fiber type transformation in meat quality improvement and exercise health.

Table 1 Types and characteristics of muscle fibers

Types of Shrinkage Metabolic pattern Relationship with meat quality References

myofibers  rate

Type 1 Slow Fatty-acid oxidation Strong muscle’s lipid deposition capacity, high [8-11]
content of myoglobin high, bright red flesh color,
and excellent tenderness

Type 1la Medium Glucose oxidation Elevated content of myoglobin, crimson flesh color,  [8,12]
moderate tenderness, and satisfactory water-holding
capacity

Type lIx Relatively  Oxidative metabolism and The meat quality is between type Ila and type IIb [8]

fast glycolytic metabolism

Type IIb Fast Glycolytic metabolism

predominates

Low myoglobin content results in a pale meat color,

[8,11-12]

which is often accompanied by inferior tenderness

and a lower pH level
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KRR 55 o JILET AEA Jr 2Ry 22 5 02 5
LA pH AT o Y UL 2 o W I A 2
FEALRERT , 3 W T A A A28 2R LR A —
s IR % 11 (adenosine triphosphate, ATP), I F2
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Z (myostatin, MSTN)A] il 1+ H 43 b 58 5543 1 1Y
J7AAE R T B ES UL, A0 LT 40 i r 3 B
1k, g L B R R R, SR
WL E K & B, 3R H, MSTN REVATY & F1i%
ML AL LR TN - BB B 1 TG PR . SO 14
A & RE TG . BET, UL T80
T2 TR T X ILEF 4 255 70 5 Ak 0% 98 45 4
(£ 2). ZFALAKEFEL W 555W .
H 557 N2 5 5 # AT 4e 28 B AL 4%
41 FGF21 A 38 i 55 430 AN 430 05 AR 2
FREH 2L, MR Rk Thfe, PPl RE 2 A
e ENLAZZI, FGF21 Al { ik &f 42 Al
M, EA e RIS LT dER IR | IR ILET 4E SR
S0 ks B B S E L A NS T PSE o  E
AR R AL T8 IR R E AR 4R
YR I 12 JULS AL A DA JUL 1 PR UL 4K
2.1 S8R A4 EIRAN A4 ARKAIAL
REAF

JUUET 22 T DS L1y BR L AL, 25 S B0l
PRWLPA I R R BRI AR I R K
B INTEE ., BRI LS Ao mT
SEMLP J 6 . SR ROT R s LAz s i
Mk 15, BRI, WUAEFan MSTN! i
T5 1 #4878 3% [ - (brain-derived neurotrophic
factor, BDNF) "/l Dickkopf A 11 3 (dickkopf
3, DKK3) P74, ] DLy LA 4 25 70 18 L
LAY PRLET ek, A —SEILA R A
AR F 11 (growth differentiation factor 11,
GDFIN) AT LIz LR A K A EF , HEHLER
W, XA YR B AL BAT Ve TR
2.1.1 MSTN

MSTN W AR L+ 8 (growth
differentiation factor 8, GDFS8), 7EH #& LA
KAFSRP REERENREERN, 22
SiRENAR AR R MSTN fE —Fl
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Table 2 Myokines that affect the transformation of muscle fiber types
Myokines  Function mechanism Feature References
MSTN Reduce the differentiation of myosatellite cells Deletion or mutation results in the [15-18]
and proliferation of myoblasts transformation of muscle fiber type from slow
to fast muscle
BDNF Regulate the expression of specific muscle Promote the expression of fast muscle fiber [19-20]
genes in a fiber type-specific manner signature gene and increase the amount of
glycolytic fiber
DKK3 Inhibition of Wnt signaling pathway indirectly =~ The upstream regulator Baf60c promotes the [21-23]
affects muscle growth and development production of glycolytic muscle fibers
GDF11 Induces Smad2/3 phosphorylation, which has  Inhibits muscle regeneration and reduces the [24-25]
the same signal transduction as MSTN proliferation of muscle satellite cells
FGF9 Promote MSTN expression and inhibit MyoG  Inhibits myogenic differentiation of skeletal [26]
expression muscle cells
Irisin Activation of upstream PGC1a-FNDC5 Promote the expression of oxidized muscle [27-29]
pathway in C2C12 cells fiber gene in C2C12 muscle duct
FGF21 Activation of PI3K/AKT pathway regulates Promote myogenesis and expression of [30-31]
skeletal muscle metabolism signature genes and proteins in oxidative
muscle fibers
Musclin Promote mitochondrial biosynthesis in skeletal ~Regulate the transformation of muscle fiber [32]
muscle through cGMP/PGC-1a signaling type from glycolytic type to oxidative type
pathway and improve exercise endurance
B-aminois  Activating AMPK and enhancing mTOR Promote mitochondrial biogenesis and regulate  [33-34]
obutyric activity promotes mitochondrial oxygen energy homeostasis
acid metabolism in skeletal muscle cells
(BAIBAI)
Secreted Phosphorylation of AMPK promotes the Mediates muscle regeneration and regulates [35-36]
protein expression level of PGC-1a skeletal muscle metabolism
acidic and
rich in
cysteine
(SPARC)

H B Lo W A R S e LI R -, R EE
FI 73 WA i i ULET 42 T 947 I #55 . MSTN
R RS SIS R 2R b 455, @
TS R ARG 4 —RAVEH T Smad 55
T, FFA R AR 15 Ak 3 B 8 [adenosine
5’-monophosphate (AMP)-activated protein kinase,
AMPK i P 1 4 5 A7 48 AR AR . MSTN
SRR 2R R A BRI . ORI
Be ATP A A B2 UIAH O, MSTN 24
P ik, HEESEKESHIAH MyHC b
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(L S KE B YIMISE . MSTN Blsk 5 58 A8 35 4
FHEIELT SRR LIPS fE . Baan! 145
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AR, R AT URIBE AP AL 1D BT 4 5 2T
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#hm, Ta BUH b BYPPLEFLERT & O] 2253,
[ LR T RE 1 E PR A R B E .
MSTN KIS 2 FECE L P Aok fb
REAT LD AL AR K- BE TR e AL P st 1),
2.1.2 BDNF

BDNF N —#liz sl i AR LA
¥, HERKR st Z&oosam . O MRS A
Z NP S EAE, BDNF ZEIRH Xt R
G AiE s SRR ARIEES B 32 (tropomyosin
receptor kinase B,TrkB)Z5 & KIEHAEM, 71z
ARG B AR, 4R ORI B &
I RE ) H LA 7, AR ST
BDNF 3% ik 1] 5 ML 04 7 B A8 3 52 45111
Zhang Z"1% B, T4 BDNF $%( AMPK Flid
EAL YGRS S BOE Z AR y BRI T Lo
(peroxisome proliferator-activated receptor gamma

coactivator 1 alpha, PGC-1a)%E F BB R LK F
2 REAR, FHH BDNF o ] i@ i3 AMPK-PGCla
5 SR B IRE. [FRE, Delezie %'
KL, B WU Ve ER BDNF /MUY L H £
WIAE BRI b BYRLER 4 & 5 5 5 FRAIL,
Ux BIWLEF4E 5 5 W F 0, Al Fl 5 12 L
S Yibr b B SRk TRy T BDNF o Rk
I BR ALET 2 A i 58 DR 3 8 448 o e A 74 & 4
Fefgl. WLJEE BDNF w3 o 8 45 LA T e ok ek
HH RN B s R E, (BB EORTE
AN FIWEF e R Z [ A TE 25 5, WL s 7 6
RIEPR AL b5 8 et , SR fimfL e )1 HAE
18 AILET 2 P A3 2050, Rk, BDNF X FP4F
TE B 43T HL AR RS2 i (ILET 2 25 R 434
A, AT A DAy A 2 ol 22 UL PRI 20 6 7 L
2.1.3 DKK3

DKK3 1§ DKK Z % Hh ME—TE LA Hh i 2
IR —FP I AR 1, J2 Wt {5538 B A1
PR TFZ—, 5 DKK ZE05H A% 5 7 25 4 A
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e b2 FHE AP, DKK3 7E N —FhIRsr Sk
WUN R =, Al i Z Rl 2000, sl &
BL3E 1 55 4 I A H B RV . XA
ISR 8 e AR ) 5 8 R A 5 e s L e, B
DKK3 & 5 J8 BT AR i BE AR OC iy g e JE K], i
MRS T BUNLER4E T 5 L) 25 D0 AH 2,
RAMEF KB, DKK3 7EBE S LA il 7
MWt 5 A F aob BAHEAE R iRk p38a
B K I 35 E LR R ¥~ 5 (myogenic factor 5,
MyfS) 2k, FE/ N IR ERT L, 1 3%
ik DKK3 Jali/) T LA 4E i m AR, sk /b LA
o DL FEAR LA S 4 e 1 e AR 2t
P25 T AESSRY oAt B H AL B DIR OG . TERE
RET, T ERE RPN S DKK3 iy ik4H
%P7, BRGI/BRM KA F 60c (brahma-related
gene 1/brahma-associated factor 60c, Baf60c)f
iy DKK3 By B A F, /R ar
DL 2 W e i T LT A 0 = A, FEnlaE o
DEP 2543 /) mTOR #H E A & 11 (dep domain-
containing mTOR-interacting protein, Deptor)/;5
() AKT 3405 . (RO LEFZE N2 LI DL T
AN, Baf6Oc ilid DKK3 4 S H5550 i 5 St
AL AR, B, DKK3 Xt B 8 LLr 4
FEAUEEAL I AR LTI FRiff— PR R
2.1.4 HAETF

B EIRWESE LR A B AL IR 741, 847
FE—SE LA DR 7 X6 LT 2 2 R 5 Ak B W A 1Y)
PN . GDF11 J25 MSTN e UIHH i
TGF-B ZW b, HAGVEZS 5 MSTN R
R R — Y, 3P AVE R A B A E
BREER . B EX LA 4R A DL K LA
i HA EE N, GDF11 A3k T AR i 3%
KRG, a2 RS BUIL P A I ek b
LD A0H35E . GDF11 5 MSTN AR, 7]
Y5 Smad2/3 BERRAL, IG5 T
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M2 JLET 2 2 AL Al LA T AR TR R A
Mo E4ednffiA KK+ 9 (fibroblast growth
factor 9, FGFO)Afie i}k MSTN &ik, #IlLk:
VRZEY) B A MG IE R PGC-10 MR TR, FFAMHI
‘B i LA 9 LR 41RO, BRI, FGF9 5§,
A] 38 3 B0 MSTN Hil PGC- 1o (143 ik 5 10 JILEF
Yr R AAL
22 SR 4 EIBA LT L 5E AR A
REAF

LET A2 B AR L) 02 LG AL, PR
WK, e PURIz s . B, E e
JILET i 2 7 PR AL 1) 18 LSS A mT S iR 7 L2
A . WLIC T Ko HAth w28 JIL PR o 56 4t 18 A
B, WAl SEE N TGRSR HE R YE . F R
EA ZHLAEF4 Irisin, FGF21 Al Musclin
S5, TR P LET 2 S R TR L) 48 LA £k 3 A
TR FEE AR, Al A SR T R R
WL e R G4 . Bt X ILPR) R B 5 A S W
A, N A 1) 4 2 AR 2H A 92 1 A
B-2 3L 5 T R (B-aminoisobutyric acid, BAIBA),
& o2 e =R 1 R M 3 WA 2R 1 (secreted  protein
acidic and rich in cysteine, SPARC)Z#H I AJLIA
W, 722 5REE UG, X ILEr 4k
TURAC AT AE R TR PR
2.2.1 Irisin

Irisin 245 5 AL IS 3hAH ¢ 52y iy — R
ERESFHENLN A, E g o e R i As Ak
VERIT A2 202 60, SRR IO & B LR
WA EEAEA . Irisin B S EF4EERE N 1T
RIZEF I A9 KL 5 (fibronectin type 111 domain
containing 5, FNDC5)##fi%*"!, & FNDC5 & H
H DD FIIF o WK AY, R0 L o3 A I A IfL
W, 5 oV BEEBERZWE G RIEH LY
1Bk . FNDC5#[H 3% PGC-1a L& AMPK fYi
e MEEHILF, AMPK J24ify FNDCS JLff;
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F IR T RO, Trisin ZEALA L @ A 4
Ry BTG C2C 12 LA H 1 PGC-1a,
%5 MyHClla mRNA kP8, fig gELkokifA 4
Yk Trisin tWATTE AMPK {553 #52,
fleiisE C2C12 JUAE b AL B LET 2 i 2k A
(MyHC | 1 MyHC Ila) mRNA ik, Irisin
L RN ATP KPS IS 1 A A4S
BT WRIEWE AMPK, i HA s iz E I 4
(glucose transporter type 4, GLUT4), . HH
2 (hexokinase 2, HK2)Flid S bWy BA LGS PG
ZAK o (peroxisome proliferator-activated receptor
alpha, PPARA)% LA (1) ik o 5 3 UL 40 B 45
W, WA RE, BEMIRIIIR B Ak, feidkk
R A KA, b, Trisin 0] fiz2 3hif
G3Wh, LASE 3 WA E N S MA R R 2 M AR oA B AR A
i, SEWTA LR B B VRS, X AL
R EA TEEEH, Irisin & #E L B 2 W
BAERTIA, Bm&Riiks i, H7A
PEARTH K-, 3 T 52 e - 4 LA Rt
2.2.2 FGF21

FGF21 & 27 4E 4 i A 1 R3S P 8 —
G, AARRR AL A T, FENLIE )Tz 5y
A, XFRFIE . BE 5 AL DY S5 2H 21 vb IR I R AR
i AR DL R Lo A A HA d AR
Mo FGF21 i@ 5 H 215 54 FGF 324K LA Ky
SV 5 52 /R (B-klotho, KLB)%E4& P, LA 4
W AU S5 AE Dy AL, 4
FriemAaA . A2 @ FGF21/AMPK
fie FE B N AR A IR S T L AT A B S LA 4k Y A=
Koo, IR s B R EURME, ke
AR, T ALETR 2k 7 43 A 5 LA K- LA
RERARINEEZEVIM G . [FI), FGF21 i n] 5l
b 5 A WA AR EAE T, SR 2 5 LA
R EEM . e RM, DMRIBEKR RS
FGF21 MIHAEM, # FGF21 72 J53BIR Wi i
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FH5 I IER B a5 DRSS &, PrIRl A HLAA R &
R, HWFE R, FGF21 BIFEE RS Y,
WU ARG, ZE/NR C2C 12 UL A B L6 A%
WL g o L AE B PR (myogenic  differentiation,
MyoD) ¥ il FGF21 3[R 55 5, C2C12 W iLE
it 2, AT 38 5 e oy ok A e AR RS FGF21, A
FIF AR FE D, Oost D5 /N BLIL A 1E
11 Sk AR i %k FGF21, kK3 FGF21 AJ
R LRk B S SYVRGE S ILZES
Liu ZP% B, e/ C2C12 Bl i AL sE 4
st #Edr, FGF21 Al ik WLAE B DA K SE A Y
WLEF i bn A5 ML AR AR KR35, ik FGF21
B A A B LA dEdn R P L R Y R G8
2.2.3 Musclin

Musclin & —FULIEYE WA+, @ A
A3 K55 5 e AE I TE L, R E AL
. Musclin 7E45 4 5 F) 40 Ik B A 5 [R]
VEAEDY, A5 AR A2 R 5 A 08 T HLAR Ak
B fa S e HLAAAC A . Musclin /RS0 AL
AR5 1 D 7 RN 4 B B AR S WA G
A3 o AL PR AR A 20 21 2 ) ) A R T R A
A AL T R E AR . BRI,
TP /N S Musclin (922 35 A] 11 K .05
U7 0 L AR I R 4 B R AR ST R T
5% Musclin ZEALA HEIVERT, Kang ZP5E
KB, Musclin fE K R L@ E IR FILIPILAY
FEIR AN T BT 2 R 10 1L A4t 1) 33 7 5 o L
T2, Bi ket 4efg it an i i FU R, 4EREL
RF& 4. Subbotina Z5BHiE— 498 T Musclin
TEH Hs NLEF e R T 5 AL TP i AE T, X Musclin
Z i 5L [K (osteocrin, Ostn)rila /B TIFSE, 45
R/ Ostn wibifE, WA s LRk S Esl,
JULEFHEZE R TTa HU[5] b A551L, FW] Musclin
AJ 3 3 PR SR (cyclic guanosine monophosphate,
cGMP)/PGC-1o {5 5 id e 7 1 i JIL 2ok A
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MY ARG, HREE S 1, RS LE4E2s
TR D TR fife 5[] SR AL B B A
224 HMARAETF

bR BB LR R F4h, i AE R
M WLP IR 7, X % LT 2 20 T s Ak BLAT W A
HJEEIER . BAIBA &—fdE S AR, W
YRR 3-2 R TIPS, J&—Fhiz shis R hler
Ae = IR R B BLALA I ¥ . BAIBA D
PGC-la M 7 =X i WL 43 i gl =
A 25RO B LG R B HAL#R B . PGC-1a
SO LT dE R BB AL IR R e, HERR S
18 LT 4 8 25 VA 26 . PGC-1a 7658 L i
FIR AL BAIBA 1430 . BAIBA FEALJHE/IN
LR N RSN EE AMPK (5256 509 58 3 48
5 M L sl ) R A 25 R 5 (mammalian target of
rapamycin, mTOR)JE P {E2F B % U240 A b A 26
R AL AR 3 i 4 B BE R VM AE . 24 AMPK
WG I, AIHA N PGC-1a FEH 9 HE %, ik
RGP, ik, BAIBA AT i
AMPK {5538 8% L PGC-1a fRMiE J7 X 45 &
& LEF 4l DAL I P2 L% Ak . SPARC 1 —Fh
AN LR Y, w5 A 555 s Y
KAEAFIA, A SUREA, At
. Omi FVRHL, FH/NRE#EULH SPARC
(AT BN 2548 . A 5 R W, SPARC
SE DR B /0N B2 B LT 2 A Al e AR/ N, 7
AF/NR WA H SPARC 1] 55 AMPK iR 1k,
PEHE PGC-1a (A0, AT UHERT, SPARC
3k AMPK/PGC-1a 3 8 2 ILET 4 2 7y R
JUL 1] 2 AL Ak

3 MW E TR % XA %
gkl

WU A Fd 2 A 23 55 0 i 7 WS 5
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AL A OGS 5% 5, dE R LT 2 25 7
At BB ZH 2B LR N B R AL
LR ARV AL R HAARVE FIPLTRE B A f 2
— Rk, B E LS S 5 LA R A
T WLET YE S RIS AH SC I 5 5 1%, T 98 3%
FCRPE R4 B ET T LR R 45 B WLEF
ARV LTI SY, B e 5 AR
A5 38 1 (] 2).
3.1 AMPK/PGC-la i

EEALT, AMPK/PGC-lo 1 B84
ARRTIRE . PR RN 5 1) 2 B 5
BHEL & B 22 UL PR PR 2 T 3l el ot A

DKK3 BDNF

Fast gene
program

Skeletal muscle

Myokines - :

BAIBA

TR, HmZRIATIRE, ST A LT
AeRAEAY, QAT 4EAn A R 19 (fibroblast
growth factor 19, FGF19)"*| Myonectin'®'

BDNF %, AMPK X T2 (4 A 12 (1 45> Jr
TR S AR E T A LRI Y K A

PHPELALARBN) J 2 TR B RS, I 5L
SRR AV AL B UIA 1%, AMPK @Rk 7T 41
il B AL 20 B i PR UL 145 PR 5 (mwscle
regulatory factor, MRF)% ik, fiit MyHC | fi
MyHC lla i3k, JFMil MyHC 1b ik,

A, WUA A Irisin AT 3@ 2L E0E AMPK 55
PRI A GBI Rk, S AT LR A K

Musclin .
Irisin FGF21

,\

PGC-la FNDC5
1 l

MyHC-Ila

Muscle fiber type transformation

R

Type II muscle fiber

2 AP EF R AL AT 4 2 B AL AL A AR S AL

Figure 2 The mechanism of myokines regulating the transformation of myofiber.
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AR AT, DR TR A AR R AL . FE TR
B Az mey . AR Bk
Mg 10012 n il L F AMPK BRI . R4 L
4 NRAIL 2 LS b . PGC-1a j& AMPK /Y
TR R, R R AR kA 1 S A
B, HAjC RS a] D5 S R NLEF 4t )12
WA 45577 . PGC-la WIFRIEZ ZF LA K+
FISEIR, 40 FGF197) | BDNF ™A Irisin[*?1%

XL AR F 8 AT il 3 PGC-1a A FHIMIRAG 5
R LA 2R AL . PGC-1a 2 RiKFEL
FNDC5 FibAKF-Thim, MEdFRL Irisin, 845
MyHClla mRNA BJ5Kik. PGC-lo A iR
MIF ¥ FE 1 2 (phosphate cytidylyltransferase 2,
PCYT2) R KACETIE, SEaRs b ATRERNLA L
i S, RN G HMIE AMPK-oY, 3
SR HMEREESE . IUAh, TEAMRN, PGC-lo 3R
K S E LT 4R 4R BT, PGC-1a
FEIR AT Y RYVFN Ta BPLEF4ELE BB L & T
%, PGC-la HeNidFeik, HurlfedAgNLLT 4 the
fRR IS LRI 25 |, AMPK/PGC-lo {5 5
S 7 o Lo S S v R ) || R B e
[i) P2 JILET 2k 28 T 725

3.2 MAPK tHX%i@

MAPK 7EFE . &8 . 45 1 55 E
MR B mEEAREEM, RS 5Pk
RIER I . MAPK ZEH5 F L4345 4 M M55
17 I B (extracellular regulated protein kinases,
ERK) . c-Jun % J& K ¥ 3 B8 (cJun N-terminal
kinase, INK)#1 p38 MAPK"™, FGF21. Irisin %
WL R 7] 38 3 MAPK Z 0% ) FH S A5 518 1ok
PN Y2 R AL . p38/MAPK & 15 H %
WU 2 3l 10 B 5 5 3l B, Trisin A] i@ 1 4
&% aVB5 X P38 MAPK 18 J& 6 PE AT % .
EWAE LAY, p38/MAPK 5 AMPK H:[] 3
ik, AT PGC-la AYHEEFITEIE . BEhn

http://journals.im.ac.cn/cjben

PEAR G, 5w 2R M B A= & AR U0 i A
ERK1/2 il %, ERKI1/2 RYBERR 1L 5 TR ILLF 4
RMFRBYIM ., Oishi VI EM], K
BRUIE B LA Y LIS ILER 2 e e S vk B
B IR 5025 11 72 (heat shock protein 72, Hsp72).
PR LR 1 60 (heat shock protein 60, Hsp60)Fil
PGC-1 BRIk /KF-5WERR I ERK1/2 HHFKIE
KM, 1 ERK1/2 (S5 Sl {2 dE el
SPYERIRIE, MMl gERIR L, H—
HAF SR AL ERK1/2 Al {i ik LT 4525 RN 18
JULEF 4 1w P ILET 4 5% Ak . INK/MAPK 7E LA
fhad B R RS P3S/MAPK Az, i ad #0ihi
MyoD FHWTAILA 4TS, LA MSTN 5
INK 55 g% UM C . INK A] 45 Smad2 #
fR A% MSTN/TGFp i B& E47 845, M
JNK/MAPK F1 MSTN/TGFp iX 2 /& %5538
PRSI REAC X o FEB B B R EOE INK A
RALAT 7w e dems #om AL, A AT
MR R LA St . I, MAPK K%
A B 53 L A% B A5 38 B 2T G A TR AL A T
ENELEYEES
3.3 PI3K/AKT &g

WM mEUL R O3-S/ E O B
(phosphatidylinositol 3-kinase/akt, PI3K/AKT){5
Sl AR AR R e E A D R
HEEEAEN . Hd, FENRERKSRG, 2
SV LR A A . B D R AR AL NG i A
o, SN AL VI . FGF21
Trisin %5 AL PR DR 736 3 ot Jo65 80 4 B % UL T 4
HKARVEEAL . PBK & —Fh i i e LB e, HA
22 BRI A RS TG E , PTRE R PR AL R
BRI RR AL, P2 A 28 (S mE IR L ILAS-3,4,5-
— %% (phosphatidylinositol 3,4,5-trisphosphate,
PIP3), #ETMiJE 83— RIIMPEL L)Y . AKT &
PI3K TRy S S, AMMAMEIBE PIBK
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SEOLF A M4 AKT BI3E50,
AKT S0 FOA0 U5 80 5 B UL FGF21 /Y
PR, AKT BT #FAER mTORCL. 4fifi
Sh ATP A LA H L PI3K-AKT-mTORCI
FS A, LA KT FGF21 YR,
S INA Rk iRk i OE 3 O o /IS R AW
Ak, #ZHF B2 415 A F 2 (nuclear factor-E2
related factor 2, Nrf2)th /& PI3K/AKT i % i) —
AU, Irisin AT DU PI3K/AKT i % i
MR Ak Nrf2, #0ifi D-2F ZUHEFE S 09 A A0 S S
R, BiiENZESS, Nrf2 28100 %
PR RS, AT R B S LG 52 A N B A
2 5 2 K5 s DU 1 A Rl I Y
RN, TEME IR, WibR Nef2 7%
S WUET 4 A 1Z L i B LA AR 10
3.4 HiESEK

TEF B LA Qe R AL AR P s b, BR
T LGSk, oG HAEEE, W Cca™,
TGF-B/Smad3 &7/ T B HE WLAF 4R R AL
s HEF M N %S . IL-6. FGF-21 S5 JLA
PRF Al ek Ca™ {5 53 I VR4 B i LR 4 28 AU
1k, Ca® By S B A0 d5 454 W B2 i (calcineurin,
CaN) F145 8 Z AR 25 1 3§ (calcium-dependent
protein kinase, CaMK). FLE2 H a5t gih A2l
WHFHH—b1, 1€ CaN 5 51 T+, #E
e IMANME Py Ca* e, (RUFNLE H G T 40
fii#% A ¥ ¢ (nuclear factor of activated T-cells
cytoplasmic, NFATc) i1k, i CaN/NFATcl1
5, HmNLATE T, IFER L
P LET E55 ALY B R R, OIEER
WA  ZENLA A FE vh CaN/NFATc1
175 5308 I 0 LT 44 24 751 1) 1 UL 2F 2k 2 AR 1)
1t CaMK {5515 &g, CaMKII @R 1k I
HHEHA L OMALEE 4 (histone deacetylase 4,
HDAC4), H4/in HADC4 iz ik, fEikNlLr
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YRR AL 2 MUEE LY, TGF-B E—KZ
e A A K E -, ol S 5y 2 AT
2. MSTN £ TGF-B K ay—f, HlE
1 TGF-B {5530 5% M HLAAAR 8 A Ko % LA
K &8 JE TGF-p {55 Bk 2 ik 42, TGF-B
S HHAZIRE G, dE— PRI Smad2/3, JEHE
FHOCHUSE IR 2R ak, MR IILEF 4 R Ak
Han Z:F70F5% &P, m4HIH TGE-B1/Smad3
SR TEYE, Pk MyoD ik, MyoD i
WL B R FE LR, T 5 LA L )
R R R4 534k, TRl i LET 4 25 7 21
Ao BLAh, TGF-B 7EAR 0 2 fILI B0 i AL
REE R H Ay =g WY (VA S I K DN
355 [KF 2 (myocyte enhancer factor 2, MEF2),
PGC-la FFEHFHHENIZES, JF5 mTOR 75
ZIAFFE RN, B T X s E S kA, A
HOAE P2 5 LT R RS RS, &4
fa gz e LA AR, Semaes, HAE
FANLERA ik — PR AW

4 ReE5R%E

WLEF 4t 2 B #E LA S AR 2 BB, AR L
Bk M S A O S A R R 2 — 25 R 4y Sy
I, Ia, IIb Fl IIx X 4 Fp2RA, R[] £F 425 R
TR AFRRE, EORGEE . PUAEE . R
W sh & A B R R EEASFER . LA 42k
RITEALIA T BT o5 e 5 2K 8 R o e NS &2
PRV B U AE G o LIRS DR 2 i UL 0 0 1 24
MR-, LLA S . 555 WE 0 T 8
UL, 38 2k A 5 A5 538 [ R 45 L EF 4 2 T
fbo WS IILPR R % B i UL AT 4 26 0 5 AL i 1
UL BARBLE, T X B R, 6
I B % URH S50 B2 (T 1 S B s o

I LA BR300 % LT 4 28 AU 2 4o e
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ABRZ (1) HEEEDERAPOR AR E,

75 () 2 3 4L A2 7 S0 e B PR DA e
WA RO R AR TR T
SRR BRI o RACHIETE Al DL 1 13X 26 AR G
e W 2 55 WLEF GE R YL AL AR SC R LA IR 5
(2) B 24 rR s LA A7 B9 PR F AL i ok
IR, ARARWTIT AT DL e 3L DisE . B R
PRICAF AR T 2 AR 15 5 5% Tt — 2 B
WAL I 72 5 PR 5 L ET 2 28 L% Ab i LA
AL 3) AW N T Z AR EAE
T ok PR g R 2 S MR (83 - R B R
o3 BRI A A L SMULPA IR =2 Tl AR EAE T
o3 LD DR R 45 LT 4 28 R B A0 1) 5 A
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