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E AW EZEEH N TRV PIBK/AKt B ILAN ML BB S /bR iR . WRIRREFRIFE T C2C12 A2k fE 4
S3Ab, (RIS A8 #0 5) Wortmannin b PR 4H B4 PI3K AOW0E, B 181 FH e 2t 1 siRNA B2 3L T B 40 i 9 U PI3K 266 [ 1) 3%
K, WS LGN AR R i AL sE I . G5 SRR B, BEFE C2C12 A KA AR or 1k, PI3K &5 H (PS5 WAL A0 PSS 2 ) ML
TNURRLNL AT Akt FIBERRAE K, 7RG 434 B S 0 i R % oAb J5 3 BH L R . 8] Wortmannin 403 41 Bl 58 95 B0l
PI3K/Akt B, X FE0 C2C12 4 AR IR 20 AL 2 2 B3], 4 1 P9 IR s 26 i 2 5 BRAIG, 2B IR TRl PPARY. C/EBPa-
FABP4 1 FATPI HIRIE/KTFHEZE TR, AR siRNA 441 83 N PBK ERREKTHEAFR S, FEEH
BANH T C2C12 UM A NG oAb, At TEEE Sy Ak AR I PI3K/Akt (35 P FIRIAIEHE T Caspase-3 F-5 5040 fu
To. 454 BIRES T LAAfiA PISK/AKt [ 1E H 325 IS & WLAR ML A R 54 o s Rl A 1.

XHEiE C2C12 40, 4:fR, PIBK, Akt, #41k
ZR2ES 18021

C2C12 A2 —Fh RIS WL AT AR L &, A2 HF
FWAAEK R T~ WU 5 AR 7 23 AE 248 i A5
TR pl T g 0 200 G A0 UL PRI 4 o 8 A T R i - &
ML, FERERE 2 WLAH R AT AR 434 i 17 4 B BX
F g 10 40 B A 41 B (adipocyte-like cell)®™.  UN7E 52
N2 B P B SR S LR, C2C12 A
2R LWV R AR UREPE T 4 o AL O B D 4 P, 4
i P77 A K I 0 IR T 4 AR e e R .
XA R B K A S5 4% TR RGN A 22 3
RSN ZE R RIE, SHAFME S I8 B i
40 M 1) o AR R . FRATT Y T BRI AL R O — 2
microRNAs 1R IA /K FB & C2C12 VL0 A s #%
IR EHAT, EWIE BTN, XEERR
15 microRNAs N AR FE N T HEETHRY RES
T, R AR B ULEE 3- B (PI3K) A1 T I 43
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SR, PI3K/AKt 78 JUL4H 0 i) A6 i i 4 A vh %
HEEMANREEHECABE. AMAAES R
C2C12 W40 M A= i e 2o e 1 a2 A FH 45 S A2 4100
ill 7] Wortmannin 4b PE 41 i # l) PIBK #0&, 7 4h
i 47 5 1 Small interfering RNA (siRNA)#% 4L 370 5k
YL PI3K R, RER PI3K/Akt 38 5 L4
A R A4 B 5

1 MR57E

1.1 EERFIFAR

C2C12 2 W g T v [ B} 22 B 1 it 41 M BF 52
Jif. DMEM $;753% . DMEM-F12 5535, a4
JHEWE GIBCO A ). siRNA M7 B sa A H A
A . BODIPY %6 4L LA Lipofectamine
2000 % 4% 704 [ Invitrogen 24 & . PI3K 141 7
Wortmannin 4 H £ = K /A @] . RIPA 5 F #& Bt
7. H RNA $REURF). cDNA & Rk 57 & Mo
5E f PCR A7 &4 H TaKaRa A . T 8 A i
E[ 325 4 K7 1 — 0 A0 — %1 UL £ Pathscan Intracellular
Signaling Array Kit & F & Wl & 5 ¥ g B Cell
Signaling Technology (CST) A#]. fREER. 3- 77T
F-1- HILFIEIS (IBMX). HUZEKIA . % 51 R Al
MWL O Yokl B Sigma-Aldrich A . €& PCR &
DUFT A 51 i B T A R Wit & Bk PVDF JEAI
ECL 2 & O06GR H Millipore 2 H] .
1.2 A%
1.2 ZHMusEFR 5 A0

SRAER C2C12 4Hiff, {1 DMEM k375
(Fr 10% B4 M) i 7%, Frdi B EaA 3] 90% LA 1
IAEAR. ARG 41 {8 H] DMEM-F12 377 3 5%
IR, PRI A B 60%~T70% 2 A4 FF I A g 404k
FHS. MHSAERES R, IR, IBMX M2
HUTR R B TR AL (E 10% 84 iH) 55 9% 2 d, BN
R A 1 5 25 AN B B T ) 5 R R Ak R 8 9 2 d,
WG, HHEGNIEFEFREAERIF 4~6d, &
2d Wi 1R, SN BEFRAILN A4 N SR B 4 RN
XTREZH, MTFIR S R 0 A [E I, SRS 24 (Trial
group) 4t ¥ 35 7% Jk b FF 22 A\ PI3K FH B 7
Wortmannin( 3K & 100 nmol/L) — H 2| /- L K,
X} HE 2 (Control group) 2 M 35 77 2% Hh I N S AR R
DMSO VA, — 72 B[R] Ji5 G 8 00 %% FIYSc 35 4
LG REFRIMIANM S A siRNA % G 41 R0 B 14 %o
M4, TEiHSMERT 24 h, 23548 R 71 siRNA
FIBA 5% HE oligo B e dti iy, — i i [A] Ji5 YL (0 5%

ISR .
1.2.2 siRNA & 855

2 4 PI3K (1) % A J¥ 41 (Genbank %L 47 FE ,
NM_001164071.1)i% it A B PI3K siRNA F [ 4 X}
f&. siRNA [)F5(5’—3"): 1E X4, GCAACUC-
AAUAGAGCAUAUATAT, & X AUAUGCUCU-
AUUGAGUUGCATAT. 4 il #% 4% siRNA (£ ik /&
100 nmol/L)f# F| Lipofectamine 2000 #% 44 7], H.
PR ERAE 2 B iR B P AT
1.2.3 4 O 4441 BODIPY e th

THEL O Yeti BT W 41 o 73 A0 7 55 41 g Py
RE W AE A L. Bt — e i (R I gr e, 7 LR %
L, PBS WETRIEYE 3 i, 4% HE[E E 30 min,
PBS P IR BE 3 3, ML O RS A 10~
30 min. $AJ5 H 60% 5 N BEIE HURGEEYE, PBS i
be 2 . 5B SR IS I A g 1D DR 5T
HEAH. HEAHJS F 100% 5% PA B4 HU 40 Al 9 )9 21 O,
R S R W

BODIPY & — M iR IiHe et e gekl, aetg s
JE i 454 Rk ekt 98 . Bk — e i Ta] O i g,
FEEEFREE, PBS WEIRIEYE 3 8, 4% R [
5E 30 min, PBS P CEEYE 3 i, G IAEE R
BODIPY i 4ett 10 min. #RJ5 524, PBS %
Ve 2 i, P DAPI 2%t 3 min, A5 E R
B TSI A. Biotek £ Th At BEARCRE ¢
HAE T
1.2.4 OLEE PCR

M 8 d BI4E i HR BLE RNA, £ 1%3
JUE i Pz P K AR U T A R T RNA T I e
i FH cDNA & B F) & 8 RNA 5 5% 5 cDNA,
YER 5 E & PCR R IIBLMR . {FH ABI A & 1)
Step one & RCR X #4777 PCR ]V, KMV
%M R: 95 CHIAETE 30s; (95C 5s, 60°C 355) 40
AMER. GAPDH NZJEER, 297 it AR
TR RIS &
1.2.5 85 5T B Ze A

TR LA R I TR USCSR 4B i, {3 RIPA TR
W B EA. ik 10%K SDS-PAGE #E it H Jk
(250V, 30 min)#HATE AR5, 40V HEAMGT
R 1 h. ARG AE R 5% 00 M NE W v AR = I Ak
£ N 5€ PVDF fI5 2 h. 4°C 2644 N1 F AR R — 47t
IR B R, SRS R B ) B s R AR R
H 1~2h. #eJafdH ECL tb2 Kk 4R Bio-Rad
AN T ISR RRG R Gox B 1 4k AT IR R
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1.2.6 R E TS el

Cell Signaling Technology (CST) 2 & 4 7= K]
Pathscan intracellular signaling array &5 [ Jii &5
(#7323 )1 FH T ko 0 AT B e 4 i P — S8 S ER
B OSSO0 . 2 8 B B i A e R
B2, AT ARSI 20 FifAS [ 5 521 R AL KT
AFERE, BB RS W .
1.2.7 HEitHt

LKA R “PEMELARHEZE” (x = 5)FR,
SEG 25 SR SPSS 13.0 23 A 3 A AT B 3R %
8T, 3R LSD 541 Duncan 74387 % H LA
BEMESN. P <0.05 ENEEMRRIE, DL P<
0.01 FE R 5 2 M br .

2 & B

2.1 PI3K/Akt ZEAA A BEEE 2 L P RYRIZ T L
w1 8oR, S C2C12 iR b s,
M ETAS A, MARNREAENRE. B2 BRs
RAOACHIAR ARG, T8 0 48 B o3 A % IR - i S AL
W) W AR 356 5 W) 00 52 AR (peroxisome proliferators-
activated receptors y, PPARry) )8 H i /K-F7E 710
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£ [ 4(fatty acid binding protein 4, FABP4) & [l
e (4 d) BLS FF 2 m/K ik . PI3K &l
1 Bl UL B R o3 A 3 W BRI, T B TR A Y
PI3K WA AR AL . 75 EE P55 BERR L KF,
E 53 AR SIS AT BG T AE 73 AR 2 35 FAIS, AL
WEE P85 (IR A /KT B 5 40 AL 72 ] 2 38 oy
TE R WIS A I8 /b . 78 C2C12 4l M AE g % 4y
i, AKt S F7KF AR AL 8 F KA
FES AL R A m T JE B & 7 A ERE R %, e il A2 15
FRAL I Akt R EHFE4E R 010 4 d DUJS B2 Eb .

Fig. 1 Differentiation of C2C12 cells
(a) Adipogenic trans-differentiation by Oil red O staining. (b) Myogenic

differentiation by Gimsa staining. 200 x magnification.
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Fig. 2 The expression of PI3K/Akt proteins during the adipogenic trans-differentiation of C2C12 cells

(a) Western blotting. (b) Relative expression levels of proteins from (a). Significant differences between an indicated protein and the control GAPDH,

*P<0.05, **P<0.01.
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2.2 Wortmannin ##] PI3K/Akt #E PH 53 AIL4H AR
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Fig.3 Inhibition of PI3K/Akt by wortmannin reduced adipogenesis, but induced apoptosis in C2C12 cells
(a) Wortmannin treatment (Trial group) suppressed the expression of PI3K/Akt proteins. (b) Quantitation of the relative expression of proteins from (a).
(c) Microscopy of C2C12 cells stained by Oil red O and BODIPY. (d—e) Quantitative analysis of lipid accumulation. (f) Detection of protein array.

(g) Quantification of the relative expression of proteins from (f). Significant differences between the control and the trial, *P <0.05.
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(CCAAT/enhancer binding protein o, C/EBPa)-
FABP4 Al Jlig j 1% %% iz 5 F 1 (fatty acids transport
protein 1, FATPI) )35 ¥ 8 25K T X B8 40 41 g
(P <0.05), {H ¥ 2H 48 i b g 1D 1R & Bl (fatty acid
synthetase, FAS)HIZRIEKN-2 754 B3 (P> 0.05).
Bk — 0 H 85 A 5t B R R ) PPARy Hi FABP4 (1) £
F K, HEE R 5 mRNA 7K A8 46 17 I AH 8L
(K 3b). LA O Yt F1 BODIPY 4 i %2 41
JRLTE 25 AR A0 RN 48 i P9 R 7 A A DL 3e), AR K
M, ot 8d LhE, XTHELANM Bl RARE, 20
NEW K ELT, A V2RO B G DBk
AL SIS AN 2 A0 AR, AR 2 AT IR
HI/NIET, ARG R BRI . 8 B g R
7N S0 40 40 i H v = B (triglyceride, TG) & &4
X FR AN 45%4 4 (P < 0.05) (K 3d, e).
WLEE 2 I Wortmannin Ab 3 5| 2 5F T 41 fd 20 =
P& M2 . {# H CST A & # Pathscan intracellular
signaling array & [ 505 A I 1 40 g iy — 48 B 2
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RO R g R R o, 0 R T ) Ok B AT R T
Caspase-3 #i% , W& 8 Cleaved-Caspase3 [ 3
EKTFEETE, MALTE TR F Bad FIBER 1K
TR, AR TR R, X 45 R
U B AR G B A B o A ) PIBKYAKe FR R [R] B
255 C2C12 A E T
2.3 siRNA T2 PI3K EE [E#£H0HI BLLABR 89 & A5
BoFESHEMmAT

N T A PI3K/AKt X LA i A= i % o0 G 1
WP, FRATIE A siRNA SR U0 2R 40 g 35
PI3K FE[H, Mg H T C2C12 40k fe i o tb i 5
W, ZEANARA S LT 24 h 5 PI3K JEDR R
SiRNA #£ YL, %Y. 48 h J5 & & PCR Kl 45 5
7R, PI3K mRNA 7K~F T2 86%(P<0.05, & 4a),
AR EN S B B oR PI3K R 1 KT AT R AL
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Fig. 4 Reduction of PI3K by siRNA reduced adipogenesis but induced apoptosis in C2C12 cells
(a) Relative expression of PI3K by siRNA treatment. (b) Western blot analysis. (c) Relative mRNA expression of adipogenic genes.
(d) Microscopy of C2C12 cells stained by Oil red O staining and BODIPY. (e, f) Quantitative analysis of lipid accumulation from (d).

(g) Detection of protein array. (h) Quantification of the relative expression of proteins from (g). Significant differences between the

control and the trial, *P < 0.05.
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P FRIE R B, Akt R BR (A /KT R R £k 7K
I AF N B K R B (] 4b), i B FEAS PI3K [ 41k
240 PI3K FI Akt 7G4k, 4H%: 1k 6d 5,
5E B PCR Al 1 EPb 45 5 7R siRNA %% e 2 40
Jf e A I R 0 R DR R B 1 T SR A K R T
W(E 4b, c). EHEE T MK I siRNA % 4L 4 4H
R 25 SN A 25 R T ¢k I 2L 40 B D RS W B . 3
2L O JLta A TG 5E &7 HT 7~ siRNA ¥ 4L 4]
YHML A ) TG 75 i 35 /0 15 R A 40 f (& 4d~1).
[FIAEH, 5 ke 45 SR R siRNA #% Je 4
2 o A 05 7Y Cleaved-Caspase3 o5 & B 32 i X
TR0, Bor PI3K JEKVTER 51 T 4up AR T,

3 #

B LN B UL nT U= A R, W
FLBNPI R IL A i 197 — AR AR UG 38 3 e, 7E
RERFAE T, Wi L AENLRE Iyt i ot o B
A NG RE TR 7 40 B sl D 40 PR AE 4 i, X — %%
Gy AT RS R K B I 35 DR B 4 A R AN [ 1 AR 1 1R
WL AT LS I B 7T HR T UL A D 4
Z I AR o TR AR ML, SR8 3] T
2 EEE LW RE . Teboul 2501995 4E) B
SeiliE 1A EME St — i 2K 24 (thiazolidinediones) F1
NEWI R AL C2C12N WIAHAL, W] DAREAC 4 iy WL AE
A2 (myogenin)J& K Rk, #IHILVE I AL, I
BLAEn = A R A B o A e P . 7R /N BRI B
INER =1 )i MR R R VNI e 2o A (P K (e
&t 2 AN R 19 B SO0 Ak T 2R A B B 1 22 4%
WA HEMIER. B rSEIRHE AN MKK3
PG T VA M AR e A A B e, DA%
B e85 75 i MKK3 &P 23 1) C2C12 41 A= i
oW, Lee 25092011 )l 7 2 %E K7 IL-17
W BE 88 (2 1F C2C12 WL 40 M 1) A2 IF %% 4 4K . Chen
ZFU9(2015 A 7 R ILAE I PRYG I Hh A 1 28 K A2
o318 PR LI B 342 568 7 a5 Ot BE 5 AR
TEAE . TEAR A58 A 1 KA Ab B B A LA
T4} (tendon stem cells) B % 175 T 41 i 70 4. A i
Y, 7EIX NI FE A BE % Dickkopfl (DKK1)# 1A
BETHE, R DKKI FE K RS % BE 5 40 &1 UL40 i
AENEE A, B2, WA AR I e oA 2 N AR
BIREIEs AL RE, 125 N IEIEAN RS 58 4= W
HorFiREHLS].

JULPAIRA T 107 P AR RN T #0852 1 8 B 25 1 %5 1)
. RREHN AT R R R RS R

fe g A2 v BE S W T ULAH I A B i Ak, T
P13K/Akt J2 fif & 2238 6 1) B4 R 2, BT bALE
A 7T E 5 55 VE PISK/Akt 78 ULZH i A= g #4 734k h
PIRIBFIEER . S2504s R 7R PI3K Al Akt (1)
BRI A K T 1E C2C12 LA AR A i % o Ak - A T
MESHRPNEEZERMK, SEKAEERFETF
PPAR~y HIZRIEEHLAHAL. Wortmannin #1241 ffd 4
PI3K/Akt HIEALELE siRNA VTER PI3K FE R A
2 FEUYAHMAE NG oA 32 BH, i P S A R i A
B, ARRRERRIEAKCEAFEREE T, XL
B PI3K/Akt 1E ¥ 335 RIS /& ML i 26 g 5% 4 1k
FISERE 45, 7F 3T3-L1 fig iy 40 i - B 78 R AR &
L, PI3K I 1t Fifi A5 40 M 43 A4 4 R 5 T 389 I H 2 A
SR I8 d DLE) )R 8/, #i PI3K R0
20 S BHAS AN A A FR Y. X SRRl A S a6 &5 R
PI3K/Akt FJ i 32 B2 76 A iR 40 b 1 5 1B B R 5
YEH.

PI3K/Akt XF - 41 A 8 T FO % e F R JE 5 &
TR ATE UL JE AL E) Akt REWS S IkB
(IKKa), 52 NF-«B #0157 1B (M, M
i NF-xB RAFERFEE, 0 R EPRETAE
FH AR 40 B i A7 3 078, Akt 36 BE i m I 1 R AL
Bad 1, HE 433 EALAmMEIE]YS
Bel-XL Z5 A H T2 R 2h 0. ARSein g R,
] PI3K/Akt WUE BLE UTER PI3K FE R Rk # R
WA G A B C2C12 40 i A R R TS 2K 4 Bad
IR AL KT, S 40 MR T A S B AT IR ——
Caspase-3. X — 45 7R PI3BK/Akt Y 1E % ik Al
WOE O RE A0 A0 AR T

CRAE AW AURI S AR, PIBK/Akt JE #% 7E L
Y1 B 2B R B 4 A0 R v 4 v EE B 4 A G, BEAS
PI3K/Akt [ 23 FI0E £ . 25 40 ] UL 48 A 28 g %
Ak, FE ST

2 % X M
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Role of PI3K/Akt in The Adipogenic Trans-differentiation
of C2C12 Myoblasts’

QI Ren-Li*?»”, HUANG Xiao-Feng"™, WU Yong-Jiang®, WANG Jing?,
LIU Hong", HUANG Jin-Xiu"?, WANG Qi
(" Chongqing Academy of Animal Sciences, Rongchang 402460, China;
? Key Laboratory of Pig Industry Sciences, Ministry of Agriculture, Rongchang 402460, China;
¥ Southwest University Rongchang Campus, Rongchang 402460, China)

Abstract The aim of this study was to explore the regulatory role of the PI3K/Akt pathway in adipogenic
trans-differentiation of myoblasts. C2C12 myoblasts were cultured and, subsequently, induced for adipogenic
trans-differentiation. During trans-differentiation, levels of phosphorylated PI3K (P85 and P55 subunits) were
increased progressively with early differentiation, but significantly decreased during late-phase differentiation.
There were no changes in Akt protein levels, but its phosphorylation levels changed similarly to those of PI3K.
Wortmannin treatment of the cells efficiently suppressed PI3K/Akt activation, resulting in significant inhibition of
adipogenesis and to varying extents, downregulated expression of several adipogenic genes (PPARy, C/EBPa,
FABP4 and FATPI). In addition, silencing the PI3K gene by siRNA transfection also inhibited adipogenic
trans-differentiation in C2C12 cells. Moreover, suppressing both activation and expression of PI3K/Akt induced
apoptosis. Taken together, our findings indicated that the PI3K/Akt pathway plays a key role in adipogenic
trans-differentiation of myoblasts.
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