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Regulatory mechanisms of the IGF1-PI3K/AKT signaling pathway
in myofiber developmental differences between
fast- and slow-growing broilers

PENG Jinzhou,LI Ya,DOU Yuhao,JI Qianyun, CHEN Xingyong "

(College of Animal Science and Technology, Anhui Agricultural University , Hefei 230000, China)

Abstract ; [ Objectives ] This paper aimed to elucidate the differences in myofiber structure and molecular regulatory mechanisms
between fast- and slow-growing broilers, with a focus on characterizing myofiber developmental traits and their underlying molecular
pathways. [ Methods ] Fast-growing Cobb500 broilers and slow-growing Wannan Sanhuang chickens were selected. Muscle samples were
collected at embryonic 18 days (E18),21 days post-hatch(D21) ,and 42 days post-hatch(D42). Myofiber morphology was analyzed
using hematoxylin and eosin( HE ) staining and scanning electron microscopy( SEM) ,while key myogenic gene expression was quantified
via quantitative real-time PCR ( RT-qPCR ) and Western blotting. In witro functional assays demonstrated that knockout and
overexpression plasmids of insulin-like growth factor 1(IGF1) were transfected into chicken embryo fibroblast( DF-1) cells to validate
IGF1-mediated signaling pathways and biological functions. [ Results] At embryonic 18 days(E18) ,the fast-growing broilers exhibited
significantly smaller myofiber diameters compared to the slow-growing chickens(P<0.05). Conversely, myofiber diameters in the fast-
growing broilers surpassed those of slow-growing chickens at 21- and 42-days post-hatch( P<0.05). Muscle fiber density in the fast-
growing broilers was significantly higher at E18( P<0.05) but markedly lower at D21 and D42 compared to the slow-growing chickens
(P<0.05). IGFI mRNA and protein expression levels in the fast-growing broilers were consistently elevated at E18,D21, and D42
relative to the slow-growing chickens (P<0.05). Overexpression of IGF1 significantly upregulated the expression of serine/threonine
kinase 1(AKT1) ,cyclin-dependent kinase 4( CDK4) ,and c-Jun N-terminal kinase( JNK) genes compared to negative control and IGF1-
knockdown groups(P<0.05). During 16-40 hours post-transfection , IGF1-overexpressing cells displayed significantly higher viability
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than IGFI-knockdown and blank control groups(P<0.05). [ Conclusions]The fast-growing broilers possess a greater myofiber quantity
than the slow-growing chickens. IGF1 enhanced myofiber development by activating the PI3K/AKT signaling pathway, thereby
regulating myoblast viability and proliferation.

Keywords : fast-growing broilers ; slow-growing broilers ;myofiber structure ; IGF1 ; PI3K/AKT signaling pathway
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715 AR P RS A 81 HR 2 5 bl AR 1.8~2.2 kg!'™ L A A —Fh e R Sh 4 3 1 e U8, XS PR Hi AR
TR AT B A BRI S de ) V2 82 . BRSE [ SO0 PR A0 A RS 757 SR R %, 222 T A 24940 2F 7= i ple ik
RIS VAT STV Y 7 47 6] 0 PR XA 5 SR A 1) A2 A 3 SR e ot R R AR XU 1 90 2l 3 AR P R L
PR A R R T o A T LT A 5t R B A S LA 4 7 R T UL IR 1R 5T 55 UL 4 A At e AR R L
LR AVEYIMISE Y 5508 TR ARG A L, PR R A X LA 4 B AR R S O R i 2 1) LA
SO0 LD T R A TR JULET 2 A0 AT R JULET 2k 2E K, AS TR) 20 JLET- 24 B 091 1 5 i UL PR A
TS 00 PR R A5 e B, DRt 8 PR X8 1 5 10 1 AR L 1 e W 25 I 0 R PR 0 T K
TR ARG A, RSB A A LR 4 R AL E S AT LA A ARk 76% ~
79%"°) TR A X R L e SR A L R LET AR A5 2 (K T2 R 0 SO A R 2R (AR, HATE A
Z I EF I PR R ARG 7E A Kk BB IR AR A A A T T A AR i e S O (LA R 2
S I AR5 BILR] 1 A 58 4 BB

WUAAE KSR — 2 HE A /8 W R 2 A8 B R GEZ [ i DMRAE T, 5 32 2 20 {5 558 % i
B ERIEER LR R, LT 4R E 2 B 2 R R Qe 5 R A K B (insulin-like
growth factor 1, IGF1) | JJL A= B 4100 i AT 7 ( myostatin, MSTN ) | L4 5 8 #2 Al ¥~ ( myogenic determinant,
MYOD) . P il iR b, S T 0 i 4 ( pyruvate dehydrogenase kinase 4,PDK4) geli3-10] IGFL sl 5 H A RS s
WAE PIBK/AKT {5 S, IRTFEE LT A ALY A2 7 AR, MSTN Sl L 5 2B RS2 RS54,
T AR IR & B 2 AR R [R] JR 25 3 (mothers against decapentaplegic homolog 3, Smad3) B Rk , #
LA 2R R RIEAL ) 30 2 % 53 B 2 IR A7 76 52 24 1 28 T FH , MSTIN S b 9 ] AKT A4 396 4, BELKG
IGF1 i FIMLEF 41, 1M IGF1 W@ s il MSTN /549 Smad3 R LRGSR LA A K™, MYOD 7
JUL VA P g st RS T A P, AT LN L 19 T 0 L 2 Ak S LA B, T OB I LT 460 TELIR R B
AR AR KOFH PDK4 A HERE S A7 AR 7 12 42 Ak, DT 1 i S0 A6 2R JULET 2k 1 Bu )21 L Sk B 1 S
TR R AER B WL L F b i) BAAVE FIOLRIAD R AT

M5 P = B X0 2 v R BN o e b DX A% 90 0 O il X e ) DA G =8 R AIE (P B B L R R i BB €, )
Dt BB PRUTRUR B FR ) e = B0 A K R R R0 RE 75, 38 A R M 8 30l 0 A
ZN PR P ARG BRI A R AR 0 M B AR G R PO HLRDRHE AL R )2 TR A g
U AR DRHR 1 2] DA RS 114 2 R A EE G o e R R (R R A R R e R RS 1Y 2~ 3 %,
BTEAACHEE |19 22 5 7] BB S BEAL AT WLLT R S5 A FNREAL J5 A B BE AR OG AT R IR AR~ 2L e 5
(hematoxylin and eosin staining, HE ) 14 FL 55 WL 22 | & i #e % V3 ( Western blot, WB) F1 55 B 2¢ 6 28
it PCR(RT-qPCR) S Z R | R GEMEM M B bAS Y R 08 LEF 2 % & b oo IR L, 5 72 XS i
A A BRI AE 77 RO THE HE B HCHRE

1 #R57EZE

1.1 e EHEARE
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i e WA (1X73, AR EL 3T ) 400 X R A BULEE , i i Tmage-Pro Plus (6.0, MEDIA CYBERNETICS)
AYMTIRAL: {8 D R 43 0 7 Ik FO LT 4 A% 3 3 100 B TR N P 4 A B0 Sk T LA e s e . L
L ER . N RE SR R T BEALZE SR 50 ARWLEF 2, i ARl & B A%, T HOE- 408, 15 4 B i FR o i LA
A, IR LB AR R B T AR (mm?® ) 15 WLEF 4R 5%
1.3 ALF4BREHRNE

BREARE T 2.5%% BRI P E 2 h, 3 0.1 mol - L™ B BR £h 2% Ml (PBS, pH7.2) Wik 3 K,
B J , REAS (G AR B VR JE 201 (30% . 50% . 70% 90% . 100% ) Bk , FE AL BE 10 min, /KT, ¥EREAS
BT S E R BRODUR I, 7F B IR S (MSP-2S, BEAR ) FACEE 30 s, i FH 448 B8 1 2 34 BE (SU8 100, H
7)) WSS LT 2 B I 544
1.4 EBEERZEENH

M JIL S5 FILEE 2RISR 2T 4 20 M b B LS. RNA | #2218 RNA R BUR ] & (19203ES, % A Wk
AR A BRAA A ) BB EEE RNA , B RNA S sl 65 (13488ES, M S AW RHE I A3 BR A | ) i i
SEA K cDNA Hﬂéﬁﬁiﬁa‘é%%%u PI3K/AKT 38 #&HE K 5 | )38 5 Primer 3.0 7EZRF &% T2
RIRHT, 5115 B o RT-qPCR J Wi f#i F| Strand ¢DNA Synthesis SuperMix for ¢PCR( 11123ES10, %
YR A \ﬁﬁﬁ/\ﬂ)f ABI 7500 %t ( Thermo, 35 [E) FiFAT, )R WA RN 10 wL, 245 1 pL ¢DNA
S IE B0) 4% 0.5 wL.3 L ddH,0 115 wL qPCR SuperMix, RT-qPCR % 214 :95 °C HZEE 5 min,
B 5 40 DMEFR,95 CAEPE 10 s,60 CIR KIEA 20 s34 CHRAE, fH T 275 0y a4 5L RAE W 3 ik K F-, LA
GAPDH YE NS HEA

*1 ZHWEHXEE RT-qPCR FTH3|#
Table 1 Primer used for quantitative RT-qPCR

FHEHA GeneBank 3¢5 EELzll B KR/ C B /bp
Genes GenBank 1D Primer sequences(5'—3") Annealing temperature ~ Fragment length
IGF1 NC_052532.1 GCTGGTTGATGCTCTTCAGT/GAGCGTGCAGATTTAGGTGG 57 189
MSTN NC_052538.1 CAATGCTTGTACGTGGAGA/GTCGTCCCTCTGGACATCAT 57 185
MYOD NC_000073.7 CCAGCCTTCCAGTAACCAAA/GCACTTTGCCAATTTCTTCC 60 158
PDK4 NC_052533.1 AGGACTTCCTTTGCGTTCCT/TTTGGTCATCTGGGCTTTTC 60 181

RAS NC_000073.7 TCCTACAGGAAGCAGGTGGT/AAACACAGAGGAAGCCCTCG 60 130

JNK NC_000080.7 ATGAAGCTCTCCAACACCCG/CACCTAAAGGAGAGGGCTGC 58 204

P53 NC_000077.7 GGCTGAGACACAATCCTCCC/ACCCTATGAGGGCCCAAGAT 60 234
PI3K NC_000079.7 AATGGTGAGCACGGAGATGC/TCCTTGGCTTTGCTCGGTTA 60 265
AKTI1 NC_052536.1 GCCGCCTGATCAAGTTCTCC/GCTGCTGCCCACAGTAGAAA 60 234

BAD NC_000085.7 TGCAAGGCGAGGTCTGTAAG/TTCCACGGTGAACACGGATT 60 229
BCL2 NC_052533.1 CGTCGTGACTTCGCAGAGAT/AGTTCCACAAAGGCATCCCA 58 278
CDK2 NC_000076.7 CCCAACTCTGGGGGACCTTA/TAAAACCTTCCGGAGCAAGC 60 243
GAPDH NC_052532.1 GGACACTTCAAGGGCACTGT/TCTCCATGGTGGTGAAGACA 60 160

HIGFI RS FEAA KN T 1 Z K Insulin-like growth factor 1 gene;MSTN:Hﬂm]%%w Myostatin gene;MYOD;Hﬂ.ﬁ:}’{{&[?%w Myogenic
differentiation factor; PDK4 L PR ER R 5 S Bt il 4 S Pyruvate dehydrogenase kinase 4 gene; RAS; R AR R L ) RAS proto-oncogene ;
JNK - c-Jun AR Uil c-Jun N-terminal kinase gene; P53 iR R p53 FE A Tumor protein p53 gene; PI3K; B MENLEE 3-8 il 5t
Xl Phosphatidylinositol 3-kinase gene ;AKT1 ; LR ARG 1 F2H AKT serine/threonine kinase 1 gene ; BAD ; Bel-2 FHIETH T 2k R 7
F R Bel-2 associated agonist of cell death gene; BCL2 ;B ik EL41ff0IRE —2 LK B-cell lymphoma-2 gene ; CDK2 21 i J5) S5 25 1 A0 s 1 i it 2
Cyclin-dependent kinase 2 gene; GAPDH . H il - 3-SR i SR Glyceraldehyde-3-phosphate dehydrogenase gene.
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FASEA R 1:1 000, —HURILAEDTR 1eG(AS014, Z 1R e AW R A FRA R RS ECH 1:30 000,
TR R I TR AL 22 BSR4 398 (Alliance Q9 Uvitee ) A 25 1 5t 25747 , (8 FH Image J( 3E[F
K TLAERFSE R ) B0 it 43 BT 45 A5 AR K FEAH
1.6 IGFI dRERmbREAEaE

IGF1 %t 551 (NM_001004384 )t b 5t 3 R A= Wy R4 A A BR 28 714 1, H-3E4T Nhe 1( GCTAGC) Al
Age 1(ACCGGT) WV J5 7e % 2 pcDNA3.1-EGFP JSUkL, A2 IGF1 i ik AR (PC) , i FHA IR A S JE I
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B9 %5 2K pcDNA3.1-EGFP JFRiAE Ay B X} HE ( negative control,NC) , L% YL PBS 2% il (AN 1%
fA[JFAE ) A R 28 (AL BRZE  HERR S G 3Rk ) TR (Mock ) o IGFT IR 2 A 422 B Wi 250200 1 7 v | il b s
pLKO.1-EGFP-puro SR EFVIN 5 Fll EcoR 1 1 55— s Jos% i %, 45 2] shRNA 19 IGF1 iR # AR (SH) ,
Af A shRNA 1) pLKO.1-EGFP-puro FURIAE Ry 25 24K %} B8 (vector control, VC) .
1.7 IBRERL ST MRS IR S b st
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HEE S Z IS DMEM 52285 353 B T 37 °C 5% CO, NI 346 P B35 24 40 0 %5 1 35 3|
70% ~80% It} , #% B8 Lipofectamine 3000 %71 £ ( L3000008 , 22 [ S A A= fir b AR A BR 2> 7 ) 1360 F5 44 25 19
Ki AGFT 33 3235 I w2 AR ok G YL 4 i
1.8 ZHBaIEFEHR N E

i FH AT 25 (40203ES , 285 3 A Yy RHE AR A7 PR 1) ZEAS [ B[] &0 00 5 DIF-1 40 A 1) 38 5 1%
P, BB ER K A AL 5 000 A4 A 25 BE e Fh 96 FLANARE: R4, HF7E 4> BIRE 7% 8.16.24 32,40 h
Je e B M B0 G U R B A A, RS RS S AN EE AL, A R WG (D, ) SR VEAG 0
1.9 HIESZItHT
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FPEKEEE R 0.05,
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Fig.1 HE stained sections of fast-growing and slow-growing broilers at different growth periods
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Fig.2 Comparison of muscle fiber diameter (A )and density(B)in fast-growing and
slow-growing broilers at different growth periods

* P<0.05. The same below.
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Fig. 3 Scanning electron microscope of breast and leg muscle by longitudinal section in fast-growing

and slow-growing broilers at 18 embryonic days
a. G545 441 Connective tissue;b. BANIILA Capillary blood vessels.
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Fig. 4 Comparison of mRNA expression levels of key genes in muscle tissue of fast-growing
and slow-growing broilers at different growth periods
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Fig. 5 Comparison of protein expression levels of MSTN and IGF1 in breast muscle( A,B)and leg muscle( C,D)
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Fig. 6 Observation of transfection efficiency( A ) and statistics of IGFI mRNA expression(B)in chicken embryonic

fibroblasts transfected with IGF1 overexpression and knockout plasmids

A. NC.: 75 FIBTRLN IRA s SHL IGF T TRER4 ; PCLIGF ] 1 RIAH B, Wit RT-qPCR Kl , 4% P CRiE 4 (9L 1 (GFP) FORMR LAl
HI PO W I WS, S 0 LD o s A A ( Mock : 28 DX IREH ; V. 25 X R |, B b B AN [R) S B R 4 [ 22 57 e 25 (P<0.05)

INGE

A. NC:Blank plasmid control group;SH:/GFI knockout group;PC:IGF1 overexpression group;B. The mRNA expression levels were detected by

RT-qPCR. Transfection efficiency was evaluated by the fluorescence intensity of green fluorescent protein ( GFP ) and observed under a fluorescence

microscope ; green signals indicate successfully transfected cells( Mock : Blank control group; VC:Blank control group). Bars labeled with different letters

indicate significant differences between groups(P<0.05). The same below.

200

a ONC;
150 ‘I‘ O SH;
g 100 - . a a a , @pPC
L 50F a a
%2 g4 b
N E 5l
k&
= 54 2r b
<§ c b b b b b b b
z7e 1rh ™ ™ 3] &3 = I‘I'I{ 3
Elss c
Z 06f b
g 04r ¢ ¢
C
02F c _I_I
0 1 1 1 1 1 1 1 J

PI3K AKT P53 CDKZ BAD BCL2 RAS JNK
FE[H Gene

B7 IBERRARLLF4ELEA R PI3K/AKT @R 1HXEE mRNA RIZEDH (n=5)
Fig.7 Analysis of mRNA expression of PI3K/AKT pathway-related genes in chicken embryonic fibroblasts
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