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Over-expression of FoxOI inhibits the differentiation of porcine
skeletal muscle myoblast
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Abstract: The Forkhead box O1 (FoxOl) transcription factor governs muscle growth, metabolism and cell differentiation.
However, its role in myoblast differentiation is unclear. To study the biological function of FoxO1 during differentiation in porcine
primary myoblast, we constructed stably FoxO1 over-expressed porcine myoblast mediated by liposome and adopted morphological
observation, quantitative real-time RT-PCR and Western blotting methods to analyze FoxO1 and early and late myogenic regulation
factors MyoD and myogenin expression. During differentiation the mRNA level of FoxO! was significantly increased. However, the
total protein did not change but the phosphorylation of FoxO1 was upregulated. Furthermore, overexpression of FoxO1 in porcine
myoblast decreased MyoD and myogenin mRNA, whereas MyoD protein changed little and myogenin was significantly suppressed
(P<0.05). These results indicated that FoxO1 delays and negatively regulates the porcine myoblast differentiation. Moreover, FoxO1
may play a critical role in muscle fiber-type specification through the inhibition of myogenic regulation factors.
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FoxO Z & —HEHA RSP Fork DI e ¢
P4 T, BEAS I TTGTTTAC J¥ 5 AR PE 2 5 — %k
MFESI4E4, 555 DNA BE . 5L, #T
FARIH! FoxOs 1 R Stib b 1, Hiktez 24
GO BRI, A R . PIBK/AKt 4, HAE
7 ZIEXT FoxOs 5% 1 & FE MR 1 S B T iR 1/
FWERRAL I TR FoxOs 45 Sk i L BR 17 5 — HL
PEBEIR AL, FE N REAZ NEE R B T, e
R FHL SRV IETE, HORETR AN H], L FoxOs
PR A B A3 e s T JH Sk 35 R S pry 1 4
EJLVAERIBEFE R, X E LG FoxO1 768 85 LAY
ok, AR SREHE R P E A A, HE R
T AR RL, G F L AV AE

W ETRE PSP F 0k, B AT R R
R PR T L O B R R O . B AL
RN EZA RNy, HAKEFERESR, W
BB Kt B i 23k 4% 4% . FoxO1 HYRIEH
VS ER IR BT B UIAEE, (B H R HAEM
WA T XA TR Rk, AR
VRSG5 0 T AR B UL B o34k, Al
FoxO1 7E it B i iy 8481k, IFiE K FoxO1
P ARG VLA, 52 FoxO1 X sWLAME I EE i
it — 2488 FoxO1 115 LA & B M 1R FH LB S
HLA

WEEERE

11w
111 Az

3 H SR AT B P LR AR 2 R
il {KHE 1.5~2.5 kg, BUHERTH 0.5% R8T I5 /R
KIFVE 0.5 h ety , HLlkbsE .
112 FZE

T HMER FoxOI 1) pcDNA3-FLAG-tagged
FoxO1 Jii ki fl=s ikl pcDNA3 i Haojie Huang #{
2 (Minnesota University, USA) Z |5 i {A%% Y
ik #| Lipofectamine 2000 (Invitrogen). Opti-MEM
(Invitrogen) . G418 (Gibco) . DMEM/F12 % ¥% J&
(Gibeo) ., HEMGHE 1 (Sigma)., G4 IILVE (bUH g2
H). Gy (Gbico). Trizol (TaKaRa). Sz % iR

% PrimeScript RT-reagent Kit (TaKaRa)., DNAse |
(TaKaRa) . 5L B} %2 & i 7 & SYBR Premix Ex
Taq™ Il (Perfect Real Time) (TaKaRa). $ii FoxO1 .

P-FoxOl1 (Ser256), MyoD. B-actin Il FLAG &)
W H % E Santa Cruz A, $T myogenin W H

Millipore 23 7)o HAh 5] Sy itk 11 B8 77 A 4

1.2 A&
1.2.1 35 E L LA 9 Jr  C 1 77 R ot 15 F
eREA Sz 2 B T RN, B R IRANE

B WU LA A . JEAC AN ME L 0.5% 10° 4~ /cm?® %5 JiE 2
FEARILEEFRN, BT 5% CO,. 37CHIRKE IR
WIEFR. 48 h e BRI, SR 2 d #K 1
o BYIICAZE 60%~70%MF, Ko 15% M4 1
BB FRBA R 2% D78 5 3R 315 Sk, §F
SRREFE S d, WA MRS T I SRR .
1.2.2 JEIE TG IR T R85 R Il LA

J A B LB LA LA 5 159 116 4 1L AT
2 ZK ) DMEM/F-12 35 3R b LG 3%, O
A0 M ATSHLAR, A S 15% /N4 I3 i et
ARG RS FR, SHRIES R 60%~70%
BTG e o B oL BRI U] T T, SR 4 pg 1Y
kL DNA BT 250 pL 553k, FRK 10 uL /Y
Lipofectamine 2000 i BT 250 pL #5575, 5 min
JEH IR A, IRAE EIRBCE 20 min, HHRFFH
YL i 5 35 558 Opti-MEM (Invitrogen) 15373,
Jin A DNA #l Lipofectamine 2000 AR 54,1535 Sh
JE R T 15 % A g TP AE R IE SR, AT
PARREE IR B SE R A0 bk, ZEds 3R b
200 pg/mL ) G418, 4k L2555 7~14 d, ik H A7 G418
YUl . )5 Western blotting i 1% 7% 44 i 2
14 240
1.2.3 719t

R GenBank © & RKMIEKNIFH] (FoxOI .
MyoD ., Myogenin. f-actin #] GenBank % 3¢5 73l
4 :NM_214014.2, NM_001002824, NM_001012406,
NM_007393), ™ k&4 MRS 2 g it i, ny
FH Primer Premier 5.0 ¥, it 5[ #kAT H 13 A
Pys, B R T REARRSARA S
o IFIIWE 1.
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Table 1 Primers for genes

Gene Primer Sequence (5'-3")
FoxOl S AGTTGAGAGGAAATCCAAGAT
A CTTCAGCTTCAGGTCCTTGAT

VoD S TGCGTATTCTCAACCCCTTC

4 A AGTATGCAAGGGTGGAGTGG

. S GAGAAGCGCAGACTCAAGAAG

myogentn A TCTGTAGGGTCCGCTGGGAGC
Beacti S CGTGAAAAGATGACCCAGATC

-actin A CACAGCCTGGATGGCTACGT

S: sense; A: antisense.

1.2.4 &l RNA #1942 K cDNA 55— HEHT 450

#% RNAiso Plus (TaKaRa) i RNA $& 57
VLB HBGE S5 0. 3. 5 KAV FEACALILAN
MR B RNA, ] DNase | ZbFJ5, 1% BifgHHEsEm
Kl RNA 158 %44 3f: ] Nanodrop ND-1000 #% R &
FE O RNA i, BJG FH RCi seial0) &6
cDNA % —4i
1.2.5 SEHHOL & 7 PCR

F| A Smart Cycler II (Cepheid A #]) SEHf PCR
REIAT R YR . RN SRR 25 uL, Hrpr
K# 1 ddH,0 8.5 pL, cDNA ## 2 uL, g9
(10 pmol/L) 1 puL, FI#E51% (10 pmol/L) 1 uL,SYBR
Premix Ex Tag™ 1l (2x) 12.5 pL., RKJHM 4% PCR
KV FEF . 95 CHiAM: 30s, 95°CALME 55, 60CIiE
K30 s, a5 OEIR . LA AR 2704
/NS W = A
1.2.6  Western blotting

EBREEFRNLAP AR5 W, PBS ¥k 138, AILm
A 200 pL B 200 M AR . M AR I T oy AR )
12 000xg Z§.0> 5 min, HU L3, DL BradFord J7 k%
SRR T B BRI SR T 95 CHnAA 10 min,
10% SDS-PAGE 7 &8, $#4EL 200 mA fHL I
HEAFER PVDF L, 5%MBIRUK £ 2 h,

FHL FoxO1., P-FoxO1 (Ser256), MyoD. myogenin
B-actin Fl FLAG BIPLIR (1 :200), 4CHFE LR,
T X6 1 A AR o A A P BB IR 19 — 5T (1 £ 2 000)
i F¥EE 2 h, &J5FIH Bio-Rad GS-800 B R
Gk H P E A, A Quantity One #K{F4HrEH
Rk,
1.2.7 AL

% H] SPSS13.0 4 it 43 MK/ One-way ANOVA
BT 7 25004 5 0 R R

2 ER5040

2.1 EREAALARER 5L

WIEACHULAN G % 48 h )5, WhEE, BEAEK
BIE (B 1A). 2% 51375010 3 d 5, BlLgs
faAsig A, JrinRES (& 1B). Rk s dJE,
ATLLERIANE LR (B 10).
22 BEKKNMARSLITIER FoxO1 BRI
T

K 0 JEAC R LAN I FoxO1 7434k 0. 3. 5 d
FRMAEAL . SemfE R RT-PCR 4560, 7E4 0
WLZH M 43 Ak FE R, FoxOI mRNA ik W2 b
(Kl 2A). R, Western blotting A& 4% 5 & B, 7E
R FoxO1 BB H R INERA B2k, H
Humib/KF B E8m (8 2B-D).
2.3 FoxOl1 iR Ih B3 R K BB 4R £ 7

J AR A% B LA B 5% U 7S BT KL pcDNA3 FiI
pcDNA3- FLAG-tagged FoxO1 Fiki 72 h Ji5, $2H(4H
W26 F137E4T Western blotting, #1ll FoxO1 #5133k
L. WA 3 s, FaE 5% Y pcDNA3-FLAG-tagged
FoxO1 UKL 1 4% L4 il FoxO1 ik i 4 i,
] I T AN 3] FLAG FRZERY 63K .

Fig. 1 Differentiation and morphometric analysis of pig skeletal muscle myoblast differentiation at 0 day (A), 3 day (B) and 5 day (C).
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Fig. 2 FoxOl expression pattern during pig myoblast
differentiation. Real-time PCR (A) and Western blotting (B)
were performed to quantify the the time-course expression of
FoxO1 during myoblast differentiation. (C—D) Densitometric
analysis of total FoxOland FoxO1 phospholation normalized
against B-actin, respectively. *P<0.05.

Control  FoxOl1

7 - LAG
- e ool
B3 FRARIISNERINARBNLEE

Fig. 3
myoblasts successfully by Western blotting.

Identification of plasmids transfected into porcine

2.4 FoxO1 I FiA X5 R 4K B B4 BE 5 14 BY 52 i
X} RS e Ye 23 ki pcDNA3 il pcDNA3-FLAG-
tagged FoxO1 BRI 8E UILA L EA T 70 A1 5, W
GRS 5 KA 4 TR A8k, S5 R R B,
X B2 FRAEAES 5 d I, WRIER ML, IFH
WAETERL (K 4B). KT, b3R5 FoxO1 %R
M B ABEAT T R MBRIE A, (AL it
YLl AR, REEERNLEF 4 (& 4D).
2.5 FoxOl HFREXERERK MMM UIRES

A
N} E i Yy 23 [FoRE pcDNA3 il pcDNA3-FLAG-

tagged FoxO1 BRI LA ML T 73 A5 =, 40

4 SRIE FoxO1 HERE MM R 5 Lt 2

Fig. 4  Over-expression of FoxOl delayed pig myoblast
terminal differentiation. Differentiation and morphometric
analysis of pig skeletal muscle myoblast differentiation at 0 day
and 5 day in control (A and B) and FoxO1-infected cells (C and
D), respectively.

BRI S AR H 3R (D3) MIEE 5K (D5) Y,
WAL AR BR A L ) MyoD FlHE 145 & myogenin
IR, QI SA iR, X HRAA 40 MyoD 7r
BOVLAR ML IRk, B 3 RakFEM, ok
] (D5) Feika [l B LA Ko LA b R
myogenin [ 7 AL [ HERS B W FH i (] 50).
325 FoxO1 MM LA, MyoD 1 myogenin
mRNA 2B EEMK (P<0.05) (B 5A. 50),
Western blotting #6125 5 & Bl i %35 FoxO1 AYME AL,
L4 MyoD KA EmIEA T, (H2E5FIFAR
W3, 1l myogenin & H R LT 5 FIKFIRIF—
B, 2R REMF (& 5B, 5D, 5E).
3w

FoxOl 224 F S hHEEM R HEF, A
PRI GE . R T AR A A R, A M2 B
W IR T/ B R Ak i IR 070 AR S 56 3 1042 J oA,
FHEMWFIEERY, FoxOl J 2 #ETHMALIE
o, ALFE AR . B R LR IE S5 T 58 6540 i R 7 4
Mg, ARZFFUESL, FoxOl ZELA R B 5
AR R EEAEH . Bois FEMF5T TR h FoxO1 mI LA
R 38 /I BRUEAC VLT AR A R AR P, T AR S A
FERBL C2C12 /) RUKNLANIE 2 950 1L 3% 2 FoxO1 5%
FEE T AT Kamei 544 8 7B LR 504
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Fig. 5 Over-expression of FoxOl inhibited pig myoblast
terminal differentiation. Real-time PCR (A and C) and Western
blotting (B and D) showed the changes of early and late
myogenic factors (MyoD and myogenin) in control and
FoxOl-infected cells. (E) Densitometric analysis of MyoD and
myogenin at 5 days differetiation (D5) normalized against
B-actin. *P<0.05.

FoxO1 B/, L L e o ) i /0
XEERTSEEIR W], FoxO1 #% s 176 A #5 ILHY 734k
hEE RO, HIRE TR,
— L IWFFEIESE . P, FRATTE SR I T8 AR
WL s fEad FE  FoxO1 RGN . SR BIR,
TERE LA ) AL i #E v, FoxO1 EN Rk &
BF B, MEEAREEBUIFARE, LR
WA 2B TS, KW FoxO1 AR IRAREX T
JSULE B ) o A S AR B R
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MyoD F1 myogenin J& T4 WL 15 K F K%
(Myogenic regulation factors, MRFs), ] #{E LAY
RS R N 1 | i e 7 W 71 73 o A e € = 19
A R B A IR R U ARSI by e
AU 3 AN ) S A T F A BILRY 21121 25 543
KL FoxOI il MyoD &M B FIRTENLA K & HAFTE
e (P<0.05). R T#E—2UEH FoxO1 7E L
S PRI, FRATHY A T RRE 3K FoxO1 M8 5
POBILAR R, FEAIN T S 3 R0 40 LR 7R 20 1
MyoD I myogenin ARG AL, 55X HRZH 1 L2
ML, 13k FoxO1 KM MULATAE S, MyoD A
myogenin K& PRI TE % 5K V- 1 2 35 2 3] 1 2 1 il
(P<0.05). [Ali}, Western blotting %55 i /x I A
bR MyoD #1353k & A 32 3 410 i H A2 {6 A 1]
B, SR AR A myogenin 5 ik 5 H BN F ik
PRAE—E, BE T (P<0.05), XELE5RM],
FoxO1 nl LLig o il bR 5 5L MyoD #E3R UL
YAMLES o3 Ak, TR — 2 g 40 AL A e S
i1 F myogenin FHi&E LA A9 531k

[, A LS P~ A AR ULk v 4%
FAERT, T R A G A R A ) TR A
AR IR, AT LAGE A UL P 4 ) A ) 286 Y
WILEFHE 53 4E 119 B BFFEIESS, MyoD 7EHRMLET 4t
rRiSe 263k, T myogenin 7E18 ILETF 4k h ik 217
VR S FoxO1 $£FER/INER A, 1B ILEF i %l
el 2 T FL T A 5 T A e st R
SUE S L e S P BB FoxO1 ] LABUS A 1 UL
LRI AL, PNLEF4E & i bR T AR RS ILEE 4
AU /D ARG 2] MyoD 3 PR 3 1k B Al 34 i t®]
A S AR 25 R 5 IX A5 — 3, K W] FoxO1 7E4%
il LEF 4 0 B bt % #5 8 EAE ], JF 478 FoxO1 1]
A T8 Ao 9 9 Az LA 5 PR 4 i WL 2 28 B oAk o
SR, XFTF FoxO1 P42 LT 4 HURE Sk 3 AL A L
ML A TFRADTSE

LR LTk, AT R FoxO1 5% 175 it
PSR L o3 A b e FE S T VE T, REAE HEIR Jf-4m
A LA ) oAk, JF AT RE S 5 A 4E B LT 4t
B SBIUEE 57 N f
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