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OB AR LB AT G R RS G Rivh . AAF 508 E CCK-8 k. EdU R & EUA MK & A
(Desmin) 9% 5% X Z &40 2 BR ) B2 sl 4w 038 7H An AL 89 ¥l , 8L SR A3 B 2 & PCR %3 (RT-qPCR) 3t
A MEAEF 5 (Myogenic Factor 5, MYF5) A= £ M5 4LE T (Myogemc Differentiation 1, MYOD) # B % ik K-F 47
Mg, B8 AT A A B R AR R B Bt A s L dm K R R A A R, m%%ﬂﬂ LB ERA L
FRETGRAMmIRNEA, B eF4p4 MYOD (P<0.01) #= MYF5 (P<0.05) /%’&3\, Desmin % & 72 5 3 48 i R ) 3¢
AT T KB Tt rm, RAERMERAE — AL LIH G RALMA G 5L, i, KEAKEE E 2 (Gene
Ontology, GO) 2%, EM I ERAEBE LR AR I ETE AWM ZRE LR, miasm. LA RAT S5
@ TALREEARAGHAEPFTEM (Kyoto Encyclopedla of Genes and Genomes, KEGG) %W, £2F LR £
2HRARARKRA. HUAEKET-p (TGF-P) F5E%., RO R X RENLK I (Mitogen-activated Protein
Kinases, MAPK) 135 i@l 3& VA B tm o A5 I 5T 48 X 12 518 % ; RT-qPCR £ % 2 7 & TGF-B il #& F DNA 2437 #]
® - 1 (Inhibitor of DNA Binding 1, ID1) #=&4k ]k &% F B F 2 (Paired-like Homeodomain Transcription Factor
2, PITX2) #%i& Lif, #wypiedpd (Follistatin, FST) RATiH, £ MAPK @ F, (OEMARNMEFHALKE
-+ 2 (Insulin-like Growth Factor 2, IGF2) . m 4 #4tafii 4 K H-F 7 (Fibroblast Growth Factor 7, FGF7) . FBJ ‘&
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1 ( Fms-related Tyrosine Kinase 1, FLTI) #= MAPK & % & @& # % 3 ( MAPK-activated Protein Kinase 3,
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Abstract: To explore the effect of berberine hydrochloride on the proliferation and differentiation of chicken myoblasts. In
this study, the effects of berberine hydrochloride on cell proliferation and differentiation were detected by CCK-8 assay,
EdU staining and Desmin immunofluorescence staining. The gene expression levels of myogenic factor 5 (MYF5) and
myogenic differentiation 1 (MYOD) were determined by real-time quantitative PCR (RT-qPCR). The effects of berberine
hydrochloride on the gene expression profiles of chicken myoblasts were also investigated by RNA sequencing analysis.
The results showed that berberine hydrochloride treatment significantly promoted the proliferation of chicken myoblasts
while inhibiting the expression of MYOD (P<0.01) and MYF5 (P<0.05). Desmin staining showed slightly weaker
fluorescence signals in the cytoplasm of the experimental group than that of the control group, indicating that berberine
hydrochloride inhibited the differentiation of chicken myoblasts to a certain extent. In addition, Gene Ontology enrichment
analysis (GO) showed that the differential genes were mainly enriched in extracellular space and matrix, cell adhesion, and
cell migration regulation after berberine hydrochloride treatment; Kyoto Encyclopedia of Genes and Genomes enrichment
analysis (KEGG) showed that the differential genes were mainly enriched in tyrosine metabolism, TGF-f signaling
pathway, MAPK signaling pathway and cell adhesion molecule-related signaling pathway. The RT-qPCR results showed
that in the TGF-f pathway, the expression of Inhibitor of DNA Binding 1 (/D/) and Paired-like Homeodomain
Transcription Factor 2 (PITX2) was upregulated, while Follistatin (#S7) was downregulated. In the MAPK pathway, the
pro-proliferative genes Insulin-like Growth Factor 2 (IGF2), Fibroblast Growth Factor 7 (FGF7), FBJ Murine
Osteosarcoma Viral Oncogene Homolog (FOS), Fms-related Tyrosine Kinase 1 (FLTI), and MAPK-activated Protein
Kinase 3 (MAPKAPK3) were all upregulated, whereas the calcium channel gene Calcium Voltage-gated Channel Subunit
Alphal E (CACNAIE) was downregulated. These findings suggested that berberine hydrochloride might synergistically
regulate the proliferation-differentiation balance of myoblasts through the interaction between the TGF-f and MAPK
signaling pathways. In this study, we found that berberine hydrochloride promoted the proliferation of chicken myoblasts
and analyzed the molecular mechanism and provided theoretical support for the efficient culture of chicken myoblasts in

vitro.
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i A= BRN T 35 A R o 4 4 | Fase firn] 45
SR SR TR SR RSN, AR B S A P ROR IE R
W HGEN ), 4 Al (Cultured Meat) J&
WIS NS SRS WL i ek AL = vl & LI 2R
PIFAR, X FEAMAT B T ML 58 & ol ik
i, I BEXT PR A B N T SZ I T, A
rn AT E AR T, BV M 8 S IS E AN eI B
WVAE ST AL 32 LT 4 B B, BSLakE, s UL 4 e ) 2
B SRR & B 1 SCERAE IR, R S S E
IR M EE A0

WA & & BA & T 85, sl 2 ES
Gy RNFE SRR T R 4E R AT LR LA 2 B,
R4 | A ROEE I R 0 A s R BT
AL AN I35 357 P BR8N o i SR e H L . EhfiR /N B
## (Berberine Hydrochloride, BBR) tWFR N B ZE K, J&
M H 25305 R R B — B S RIS AR ek, B
IRIFSR BN T IR/ NEE) 12 A P2 is vk,
EPUEAPTR AR B g S T, R EVER T I
PP AL I ASEE I 18 s H1 s s R g FH A4
(B, AT UEYE R, $hie /NBED HAT P A LA E
JHUCL AT T AR MUAE « BRI SR 2510 300 . B PR s 1t
FENTON, N, EhmR/ NEER REASE T AR e R B AR
FISZARM) mRNA SRR I8 FEEEFTH 7 = BE=,
35— 7 T, EhPR/INEERT S 9 A BN BB ASE L PTE AMP
WA TR PR e S A s T o, Y/ AR R, P AERE
TR EAEAER A TYERRY . e K L, £

R/INEETR T HL-60 2 itd ) 184 518 A1 o0 fE HAT I 35 52

mi o AFTEERI, ERER/NEERKREAS A H] HL-60 4HidnY
YEFE, IS X LE A 1) BRI, [T A
W53 B 7S, /N BEms AL PR 2 i BE 4 T GO/G1 1,
S JYIZH I A S i AP A R, B (R R )N
BEm) BRZG AL, AR AR B Al A B SRS R AT
BRI WFER, SRR/ NRERRAEAAR S M e
o B CAN R AT B A0 <6 0 (I 2 B8R ) HoA f il 4
H, AR RARPUBETH A T B b B b, dafy
WFFER T/ INSERR T VR AR BT b wb SR (T 2 3 fild
P, SR, HRTAA WFOR ER IR NRERRUS H TG 1l
JULZHEE TR A 25, RS LA it ) SR A o3
i AN B

ARWFFENE S AR AR N B R 2, BT
BRI NSO XS S LA G SR AT A i 52, I
AT HISTE R E IPLH, Ay & g2 - S it
BRI A UL . AR, I ST AR RARR
FEEh I/ NEERR AR FHBILH, J] BRGSO A
AN AR S A LA Sl B A VAR, AT e
LA ES & A AR P AR AR = LA ZH 2L 7= e g
PERLEAR
1 MR5RE
L1 MRSNEE

X RCLLHRE 435 B XYIAGIES 10 d BRIUIZHEZY,
ELER/NEERE, 4l 99.02%, i MedChemExpress

2\ ) s FEAH S 3% 3 DMEM F-12. fif 2F [l 7 ( Fetal
Bovine Serum, FBS) . ¥ 3£ Gibco A Fl;
75 K 4% B¢ T ( Penicillin-Streptomycin Solution) .
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0.25% il . CCK-8 ik, DAPI 4&1(1:500) | Hr2e
FEHEREF ], 5% BSA B dbatgSEsRHE A
BRAE]; PBS  RIGEIESENF]; Trizol  E[E Ambion
INT] — R L 4 cDNA 25— 4% 4 ) T TR 3K
FI(KR118)  dba RAR A bRl 45 BRZS 7] ;5 Triton
X-100. Edu ®riF & FigE S RAEYHE AR
PR\ 3 PAX7 —3T(1:200) . Desmin —$i(1:200)
Abclonal 2\ &) ; ABflo®594-conjugated Goat Anti-
Rabbit [gG (H+L) —#i(1:500) £ CST A H].

HR40-11B2 A= ¥ 22 445 . HCP-80/168/258 CO,
Wk D ENgEIRER AN E YBS THIE KA b
5 e A BR S A ARG B0 L. EVOS™ XL
Core Fit B 40 M i 151X . A37834 MiniAmp #L 75 R
PCR 4% . NanoDrop One & UV-Vis 43 66T
QuantStudio 3 BISLATZEGE R PCR &4t K EFE
R IR B A Fl s ECLIPSE Ti2-U 8] '8 585 ik ik
4% A2 HELN ] ; Halo-Lite Ui T4 Jb5iss
5y A By B A BR 2N H] 5 Synergy H4 22 D) RE B AR 1Y

K EUAMBAES A R A

1.2 LWHE

1.2.1 XYM B AE SR SRR SRR 1Y
WEFE, B ARG HAEE 10 d XS FPEE L 75% KGR,
JHTCTH 5T BUL XS IR, TR B 10 FSBRER LR Bz ik /I
OB LA E T-F7 DMEM F-12 5435 38 Re 4
FE ML, B LA LA BY #1000 r/min 5.0 5 min,
R BB UTHENN AGE B JBERE T 37 °C {5 3Rfa T iEib 2=
PR 5 A BEIR, 28 200 H 4H B i i & J5 1000 r/min B
> 5 min, FF LW, INASEEREFEIRFITIR S, #2Fh =
10 mm FEFEILA, 4556 1 h B FERealifb 38 iU L4H
Jif, Fealifl 3 K.

G 1% UL A0 R A AN 1% 75 5% 2 45 5 K M
10% J&4- 175 B9 DMEM F-12 B35 K78 37 °C. 5%
CO, FEFFAT I TH IR . RIS TR 90% ik
FTAEAC, HIIC S IR 60%~70% IR HNERER/INEERH
Kb
1.2.2 SEEYSG L 1x10° /AL S 8 ga i fh
24 fLAR D, 2RI RE i S0 2H e R 5 BRI /N EE
BRI 50 A BRI AL, X RRLH e Sk 2 454 DMSO 1158
A3 gL, 15 3% 48 h 5 FH PBS 1§ L4, I 4%
Z B EEE E 30 min, 0.5% Triton X-100 1# %5 58 i,
J& 5% BSA ] 1 h, iRYFAERI B 795 PAX7
(1:200) 2% Desmin(1:200) —3%t 4 °C W HF L%, H
PBS 1EVE4NAM 3 RJG —PUREEMEE 1 h, DAPI 4o
10 min Jifd PTG R B 7B A5 e8] & 28t
SRR AR o X LA R ) 28 R i e B AR LA
PN A LR R T YL A S
1.2.3 2P B  WCAR XA R 0 XS B UL
AN, FREAEFL 4<10° YIAIEFRN T 96 FLAR . 1341
MG R J5 3 2R R RS 3R 3L, R e By s S Eh e /N B
I8 0. 15, 30, 45, 60, 75, 90, 105, 120 umol/L

O BE DA TR IS, U B 3 AN AL, S TA
200 pL FBEH, BT 37 °C. 5% CO, FiFef s I%,
LA 0 umol/L ELP&/INEERS X HRLH , 25 P ZH et (1
TRINER e B35 L) . 24 h JFHUB&4 10% CCK-8
VR TG ML B5 IR LA SLF 7 3 h, BRSO ]
450 nm P EAZSEEEE(OD H) .

1.2.4 ZUREIGFESCH W He X B A K B 19 358 B L
AU, $ AR AL 4x10° YU+ 96 LA, BT+
37 °C. 5% CO2 Bra#fah . Fraiih s i 572 R ks
Fodk, FHL AT 45 pmol/L LR/ INEERR 10 58 445 5 4t
4k R IR AN, X BE4H & 5 R R /N BE A A Y
DMSO, =5 e o, fpeHi s 5 N2 FL. 4351
TEW RS IEE 0, 1, 2, 3, 4 diliid CCK-8 #4651
450 nm P RACAISCIE, KT kS 1.2.3 2545k
FERRETS o B2 4 d FIES 0 d A5 OD {EAE2

B HANMIATE T2 0 d AUARXTIEFEA5H, ARG 5
=250 40 OD {H—25 F4H OD {H) /(X8 4H OD
{H-Z5 4 OD 18) .

1.2.5 EdU 4u(n, =08 EAU & R50) & il 345, il
HH EdU AbBRANMLS , 35725853500, TN 4% 2R
[ 2 4 i, 2% )5 A 0.5% Triton X-100 i@ %, A
Click JZ & 51 76 35 AE o, S IR EIFE 30 min,
SRIGINA DAPI X EHRIAZ A 752 4%, Al 2 i
AR, WA I B ALK, SR DA
FHEFEAMML . Edu FHPEAHIE 53 b (%) =2% (2640
MY W S CANIEE <100,

1.2.6 JGRULAHMLEIE S RS BUULan i,
A 10% FBS Fl1 1% &858 #E 1) DMEM-F12 53¢
FITET 37 °C, 5% CO, MIEFFFA 5 FE, Frauiang
BE J5 B AP 45 umol/L Eh R /NEERN 1Y) 58 e 1% 37 5k
ARELHEFE, TEARMI A IR 90% Bsh ¥ il I 1 7 335 7%
Fegk L 15 3% 24 h, SRS &6 2% 5L 7E
DMEM F-12 #53523L155 4N 53-1h2% 48 he

1.2.7 SERIZEEER PCR(RT-qPCR)  EhiR/NEERH,
ALFRATAM 48 h J5, 8 Trizol a7 24 Eh IR /)N BETR
ZH I RRZH A, I A GL5IES] 4 °C 'K 12000 r/min
B0 10 min, WXy 12 RIEW SR EP & H, B
SHNERA)E 4 °C F 12000 r/min 850> 10 min, 37
F B, HEIN 70% JooK L BRIEVRUITE/S 4 C K
12000 r/min &.0> 5 min, RIFVIIERRINE R ICHE TG
MK IR TTIE A M RNA . [ HRIE 257 cDNA
5 — Bl Gl TR 50 4 RE U B 50K B RNA 5%
S cDNA. WA E N: 42 C FE 15 min,
95 °C %% 3 min. ¥ QuantStudio3 5L B} 2 Jt 5
B PCR ZEGAGIN S2u62H K X FRZH H A4 3L R AR XS 2
K. RV SR E SN AR 95 °C 5 min; 95 °C
ZZPE 10 s, 60 °C AR K 30 s, ZEMEFIR K IEHEAT 40 4>
PEI . FEEAEXTRIBMFHCR A 27T K158 51
JFHNLER 1.
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Table 1 Primer sequences
HEH S1¥51(5-3)

F: GTCGGAGTCAACGGATTTGG

GAPDH R: TTCCCGTTCTCAGCCTTGAC
MYFS F: CTCCGATGTGATGGCGGAC
R: CGATGCTGGAGAGGCAGTC
MYOD F: GGGAACCCACACGAGGAGGAG

R: CGGTCAGCGTTGGTGGTCTTC

DI F: CCGGAGGGTCTCTAAAGTGG
R: GGCACAGTATGCGGTCGG

BMP4 F: GGGCTTCCACCGGATAAACA
R: ACATCAAAGGTCTCCCAGCG

PITX2 F: GAAGGACCCGTTAAGCCTGG
R: CGCTTCTTCTTGGAGGGGTC

EST F: CAGCCATTGGGCACGAAATC
R: CACTGCTCTTCCCGTAACGA

IGF?2 F: TCAGTAGACCAGTGGGACGA
R: CGGACTTGGCACAGTAGGTT

FGF7 F: GGATCCTGCCAATTTTGCTCT
R: TTCTGGTATGTCGCTCAGGG

FOS F: ATGATGTACCAGGGCTTCGC
R: CCCATGCTGGAGAAGGAGTC

FLTI F: ACAGCGCATTGACCAGAAGA
R: GGTCCACTCTTCACATGGCA

F: ATTCGAATGGGGCAGTATGGG

MAPKAPK3 R: CCTATGGTTGCACTTTGCAGG
CACNAIE F: TACCTTCCCGTGGACACTCA

R: GAGGTGTTGGTGCGTTTGTC

1.2.8 s gHIN Iy BRI /)N B ek b 3 X i UL 4
48 h J5f#iH Trizol ¥ ([F] 1.2.7) FEBXELBR/INSERRLH AN
ot HEZH AN B RNA, BReHFE s 3 MEE ., [/
KC-DigitalTM #5435 51 mRNA % #il 45185 en e
EE SR, X SCE T v BEFE 200~500 bp 19
BT E 4. &, il id Illumina NovaSeq 6000
JPAH A PE150 AL T3 . i85 Trimmomatic
(WAs 0.36) HATRENE, RBRMRBTET 5, I 5y DI wk e
JITYLFH . JEFEIT STAR A4 X222 35
N4H, 2H 2 [A] 22 3R E I edgeR 52, [ HAY
4o i 2 P W AR E A P<0.05 Fil 23k % B AR 1k
(Fold-change) =2. GO 43-#7#1 KEGG & £ 43 #ril
i KOBAS (A 2.1.1) 58K
1.3 #iELIE

Jr A S 0 ¥4 5 S R AE =R . 2R JH GraphPad
Prism 9.5.0 34X B 264 T ¢ K50 53 HT, T e Edis
SEIMEERREZE (Xts) FoR, P<0.05 22 5 5 3]
Wit
2 HBRE5ESH
2.1 GRKALZRABRIEE

PAX7 JEXSE B WL T 240 M ks 2 35 A, 184
PAX7 Yt n] DAMERR S 3G LA . 7F 2 R %
FridFRh, PAX7 WA B FHERRILA T 4ni a1+
ANMUARETE, AT LR LT, PAXT7 BUFRIR T, 12
A5 241 1) WAL oAk o 38 3o S Be 2 G S e Xt 4
oy PAX7 & U 7Y, 5 5RUNE 1 PR, PAX7
TEAH A BRI B S0 2805 5 B 3 B AE v e 4l i
A% X 35, R ARG s LA e 15 Fead F AR KRS R
I, AR A AR, A RBER A T AR REME

[ i)
DAPI PAX7 Merge
B SN Y S
Fig.1 Morphological characterization of chicken myoblasts
TE: Wia: DAPL £1ff: PAX7,

i

2.2 EENEERR ISR E IFIE

AR e J3 ER R /N B A B R WL AR 9 25 SR 4an
&l 2 B, AR bR 2R ER IR/ NBEDR I 2 R 2, DA
FRZFE/N 450 nm P K AL OD {H. 5 0 umol/L L1z /s
BETRLEAH L, Bl ER IR /NSRRI B I, 2 B
A 45 umol/L HFiAEIfeE OD {8, HEAM: o %25
(P<0.001). [Hit, ¥ 45 pmol/L AIER R /N B2 e
FEFHF e Se5256 .

2.0
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Fig.2 Screening of optimal concentration of BBR
I ons 43t % B L, *P<0.05, **P<0.01, ***P<0.001,
Kl 3., &1 4 T

2.3 EhER/NEERR I RS R A 4B AR E TR AV 2
il it CCK-8 HiFH L5 A EAU Ye o 3o iR o7k
PR/ NSRRI X S LA A SR OV E o CCK-8 SZuG4%

A 10 - T sk B
g | HREUNERL
Eol o
£ 6 2
= B
i =
= 4 g
= 2
z
24 =
S
0 . .
0 1 2 3 4
KA (d)
C DAPI Edu

mlll e,
i d i
7INGE
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3 R/ INEERR A EXS B LA i 1
Fig.3 BBR promotes the proliferation of chicken myoblasts
TE: A 0~4 d X8RI UAH XIS BEAG 20 B. 565 0 d A15E 4 d OD
fE2E{H; C. EAU SEHA IS i LN I S8 fE 775 D. EdU 5545
HIH 225581

X R
/NEERE
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SRANE 3A s, ERIR/INSEmRZH 2 I A X 15 G 3
HH & X RRLE, H P2 ] 22 S Bls S oA i g
K, 5 4 d P22 A 3 (P<0.001) . S BIKFES 4 d
FIZE 0 d A5 A OCREVE 22, 45 R an&l 3B iR, #h
P /NS ZE W2 Y68 22 i i T0F BB A HL 25 S50 5
(P<0.001), F=HIER IR/ INEERR AL A0 H f5 M Rf9TE o7 A1
ANk SR B . [AIR) EdU Ye (o Scbal 1
A (&l 3C 1 3D), EhPR/NEERR A AL T HEFE AR S By 48
Mok B E T TR R (P<0.01) . AW R IAERIR
NSRRI AH AR g | JE RN /) 2 At g 24 Y 1 g
AAMHIVEA, e BhX S FE AN 712830 X AT Rk
S T ERER/NEERR TS R 4 i R h s Sl i 1k
PEPER R AR I A P SRS/ NEERE T i R
IS LA PR3, BT O LR I i A i
BEERP, 257 I, Fhii/INSEmsiam b YA s s LA e
FA RS (5 53 % A A XS R W LA e 1 S 1
2.4 EhEG/NEER I G R B4R 4L B9 RN
TRIR/INFETR AL BRXS B ALAR S, FH 2% 5 IfiL 3 X
XS AR 755 S04k, B e D G LIS I At
MIN Desmin AU 1A . SG5RANKE 4A 7~ , Desmin
FIZE S GAR S AEXT IR AN S g 2H A1 it h 8545 Rk, K2
A T T A AR AZE DX I8, ER T /)N B A 2 40 I X ek
Desmin ¢G5 50§55 T % Bl 2H , e BHERAR /INBEpE R
7 Desmin £EXG AR50 AT o L4k, RT-qPCR
SZEGHE I MYFS 1 MYOD W3R8 fbah SR anE 4B
Bro~, 5 XF R4 AH b, SC 82 MYF5(P<0.05)
MYOD(P<0.01) [UFEIR ¥ I8, B EAA W ik
2, FRIAERIR/ INEEREXT X P A b A= LA R a9
FRA —EMHIVER . Desmin & —FPILIRMESRAS
(22 B M, EEAAETALRAIME Y, 28 A FikE
H S AR AR B VAR 7, iy Desmin
FUFRIRTIRENT, ] LU BRI IRZER T FEAR S
FIHL B 240, Desmin 322474 T4 iaAZ 5 Fl; 1
TE5r it A, Desmin £ FETHESIE BOVLAT LAY B
ZREEFBS . MYFS I MYOD 2P AP B 22 (1 AR LAY
HF, MYF5 F MYOD 38 3 #0E WL 45 57 P 3 R 1)
FEIk, PR IE A S Ak Ry Bl i UL AR B0 Bl
L4 M 53 Ak s AR b, MYF5 i ZeikEa BiE, A
MYOD k¥ HDiRe ik &5, MYOD {r 453 Atk

DAPI Desmin Merge = X

P4 ERIR/INBEOOS XS LA 73 5 )
Fig.4 Effect of BBR on the differentiation
of chicken myoblasts
T A SPEIOL UL Desmin 8 H, U (: DAPL, £ (%: Desmin;
B. RT-qPCR £ Il £ 1i% /N ¢ fid 4k 21 40 S 5 MYF5 il MYOD
1E mRNA JKP- R

it Ly S VER, TR MYOD k7%
2 LA, sSH A it R P RO, X 3R
BH A M A i A S AR B BEU Y 25 iR Sgb 45
TR/ INBERRALFE R XS AL 23 4 1kiss S IR
HEATAIRES, BLAE— 2 BB L 30 RS s LA it i
A e
2.5 FhER/NEERAE A AG R B 4BRR RN EE SRLB S AR

2R RIRIMTEE R ANE 5A BTN, FAGIE] 292
AL, Horp EYEIEN 96 4, FYHZER 196 1~
X 22 SRR LN BEAT GO B4, 18 B2 v
BEVE L HERART 20 MU EEESS R, tnEl 5B s, hig/h
BESAE FHAIS , XS RN 22 5 Rk FE IR Oy 20
il Vo= N 11 N 9B 7= 4 e S 1 11 L 5 e 1 4 e
[E] RN RSN R 7 A 3 s A . fJailid KEGG
ARSI HEA AT 4 AU E LS, WE 5C PR,
2 IRIBMEE FE F LT TGF- 1 MAPK 155
%, BAASE N TGF-8 Fl MAPK {5538 &1y
55 2 DA G e AR s LR D, TGF-B
(F 5B HA WEAEH: —J7 ), &M Smad 5%
[ S A AN L, L 2 R AR SE L L )
2eik; Jy— 7L FEREE SR R, TGF-B 5 il gy
LIdE TR £ Smad 15538 i 5l 5 FHAE 538 BE 5
[FIVEF, {2 FE4IIEsE Y, MAPK {5 518 B 7E 41
WarH b AR SEE T . BFSE R, ERK1/2, JNK,
p38 MAPK &5 [ AU HITG , BEAE e E 4N i B W &5 M
A AN AN A FET A e, gt SRtk —2E 1A,
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