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Differences of Glucose and Lipid Metabolisms between the Myogenic Dif-
ferentiation and the Adipogenic Trans-Differentiation in C2C12 Cells

QIU Xiaoyu', HAN Xu*, QI Renli'**, WANG Jing', WANG Qi', WU Min'
(‘Chonggqing Academy of Animal Science, Chongqing 402460, China; *Chaoyang Teachers College, Liaoning 122000, China,
*Key Laboratory of Pig Industry Sciences, Ministry of Agriculture and Rural Affairs, Chongqing 402460, China)

Abstract Myoblasts could transdifferentiate into adipocytes or adipocyte-like cells with the capability for pro-
ducing and storing intracellular lipids. This present study compared the difference in glucose and lipid metabolism in the
normal myogenic differentiated and the adipogenic trans-differentiated C2C12 myoblasts. Results showed that the uptake,
transport, metabolism of glucose and energy utilization were more active in the myogenic differentiated cells, while the
adipogenic differentiated cells had higher intensity in lipid absorption, transport, and synthesis metabolism. These find-
ings indicated that the cellular metabolism had undergone significant change during the lipogenic conversion process in
muscle cells that was closely related to the changes of structure, functions and molecular characteristics of the cells.
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J (B8 T B 40 ) e, T AL T A 4R ) 2 A% LA R
WUEHEEAA R &3 bR 11 . o A #2 &
dfudric. FER AR VoA AN 2 i 25 4 1) B
AR, T2 i o34k T S RE B 5 B ERAT TR 4
H PR AR A R AR AR N SR E AN E
BLEE, A SGIR 12T S 5 B

B SR 22 BRI T OV T 48 7 LA A AR IR A 43
I 7 AL . AR FLDURT, A3 89 70 LA FH e e
{224 (thiazolidinediones) Al fig i 2 4L ¥ C2C 120
21, T LA AR AN M P JULAE 1 3 (myogenin) i IR ) 3%
ik, HIIVE R R, T ELAS ™ A6 i 197 40 i 74k
PIRFPEN, IR HARIB SRR Y, /N BRI 4 B
AR, B A A A K LR A 4 40 i (myo-
fibroblasts)’% 14 % Al A= 38 3 A RN AR S B 1
JiE Wi 41 i, BMP(bone morphogenetic protein)/{5 5 i i
WHeE 25 TR RRED. EIRRGR
J7 M ZE KA AL B 251 R AL ) LU B FRAE R
RIS HALREE MR AR . FEARAMATR H, i Hh 2
KA AR B K BR UBEE T4 P B 8 175 S 4 i 43 e R i
0 240 0, X A FE £ i %5 DKK 1(Dickkopf1 ) K % ik
35 TR, MRDKK S DR RE % B 2 A L2 AR
A, JRATTUR A T AR SRR R T miR-
199/15 i FR #% iz 25 [ 1(fatty acid transport protein 1,
FATP1). PI3K-AktiH M55 7E C2C 12140 o A= g ik 72
H i TR A

BARFAT DLW AR T L0 M A R % 4 4k
()73 7 WAL, AH X T3 AN i A o 4 i A P 5
U AL G = 208 T fif. AR FZH 12
FLEC2C1 240 B 75 1E ¥ A Lo A A A AR % A
PR TAEMAbE . BRARU I 2 5. MRS A )
T S G M 7 LA B A g L o

1 RS

1.1 #8
C2C12 RRIENUET AR 40 i R0 B rh ERF B 41 i
JFE (B,

1.2 RIS

Dulbecco’s modified Eagle medium(DMEM)%%
Je k. DMEM-F128; 97 2%, Dk, JBEEE. + =
Jot F Tt 2 B9 58 A 945 Tt Jig e JB (SD'S-PA GEE T 1 Ji2 ) )
[ 2% [ Thermo Fisher Scientific/A #; Jifi 4= Il 14 F
Lt Z1|Biological Industriesy 7]; RIPAZE [ & Uik

AR Fk e 2N EW B RIS s R AW
ARERAF; EE R IR, 3-57 T E-1-F X%
TS BUKHIE . JMLO. FHWEE. FHEEHE RN
P Hh = EER PRI TR B T e T IR R A
DGR PR R Ak PR A DU 3K 4 5 0 B b s R 3K
EEEHE R A ), BCAZ ke BEA I &%
B A6 5B 28 A YR A BR A w5 JE T8O 14 5 4
BRI S 77 6 8 H 5% [l Promega /A Al Sz ot
FIMyodHi /A& B 2 [ Abcam A 7 He % B[ i2E 44 22
PUAFATPL. L EEEHEFA G Hilf(acyl-CoA synthetase,
ACS). CD36. PFKM. HK. GAPDH{ [ i =
J& A=W AR IR A Al PGC-1aPi iy B Jb 5 18 B AR
P ARATBR 2 7]; AMPKARIP-AMPKHUANIE [ 35
Cell Signaling Technology /A 7] ; % { % £ 4% (PVDF)
JEE H 2 EGEA ]

6L A 24 L 41 i 15 IR W H 35 [E Costar & 7] 5
CO. 4 il 1% 7% 46 1 H 2 [ Thermo Fisher ScientificZy
Al {5 B RO B B A4S [E Leicad 7, £ DR
BRI B 3 [E BioTek 22 7 445 K 't AR A AR H
% [E Bio-Rad A 7«
1.3 HREEAFRMSULES

JVLZH B IR TR AN AS [R] 34 (1155 5 D7 iR andRA 1 2
AR I3 A7 KIC2C 1240, i JHDMEM
B IR (T 10% 6 4 MLI5) 55 7%, Fr 4l i 255 £1190%
DL EBTARAR . AL A5 5 AR AR S 1 28 i 4k 224
HIDMEMZ: 77 25 (55 10% 16 75 ML) 5 77 LR, 401 %
EIE 2I70%I}, 5 e N & 2% I3 FIDMEME;
7% 55 1% 5 40 M A WL 43 Ak (myogenic differentiation),
FE2R Mo A FH S5 5 O B € (1) T 2, LS AR ML
53 A4 B 200 UL T SR 38 R0 4 L N A LR S o F
MyoD(myoblast determination protein)&g [ 31k ',
Tr AR LML AL B (R T IR G BI(TR)
e 6 b WK 4 i T AR R A I . AR T Ak
(adipogenic differentiation)ifs F: A HAL AR5 155 % &
EHN90% /TR AE N B S AESR
(850 nmol). HEZEKFA(1 pmol). 3-5 1 Fk-1-F L g
MEE14(0.5 mmol) A1 &' 4% 1l (1 pmol) J)DMEM-F123%
FRIE(T10%M6 4 MiE) G FR2R, RN R E&H
Jik &5 2% (850 nmol) Al % 4% B (1 pmol) ()35 77 B 44
R FR20K, SR G B 4 il B R AR Ak 4k 7R 6~8 K,
FR2RI IR . MO ik G M8 E IR o1k
1) &4 L 200 L TR 252 AR 240 i 1 g P AR A L) 4y
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AHEAE R FIAQRR) S @) S (10 K%) #:
6 W5 WK ZH B T AH B A
1.4 BEEERR

AN TE] J3 A4 248 1 6 ) W 5 R K P-4 SR T
P 10 7€ S ¥ 7 %87 W 45 B 7 & (glucose uptake-glo
assay)($25J1341, £ [EPromega A 7)) % R 7
2 T XS 2- 0 4R e ) BE-6-1 FR (2-deoxy-D-glucose-
6-phosphate, 2DG6P) 1A M, A 5 20 A %t i %) Kl 4
IR RE J) . FE4E AE [ I 18] 25 BR 40 i 55 77 2%, PBSIE:
V3R [F) 20 R 355 5% I 0 N 2- Bt 42 A& B (2DG, TAE
W1 mmol), 2DGHY %z 3E N\ 41 il f5 G B R 6
2DG6P, JEEAN LN R 4. Z Ik H 10 minf5 A
T 2275 77 (stop buffer)ZE A 21 i - 2 L 410 i ) 761 &
BRI S240 min). #R 5 I N %5 05 -6- 1% 2 1 &L
I (glucose 6 phosphate dehydrogenase, G6PDH), %
H2DG6PA: Hi6- 1 1 i 42 1 %] B A I (6-phosphoglu-
conolactonase, 6PDG)Ff: [FIi 7= 4= T K & INADPH.
NADPH#{ 5 4H 5% Yt &K B (luciferase) ) 1 7= 42 s
5, A SR PR AR I R OGS SE, KOG 5 R4
L 2D GOPH B R IE bE o ELAAAS sk 72 2 25 1 711
U
1.5 RIS E

ANTE] 3 A 4t 9 P 1) TR T BR (pyruvie acid, PA) &
5 P Tl V2 TR A TR (PA) 3 kN e 1) A (6%
5BC2205, AL HZEKERA R AT HHIfEIRE
I 1) S SCSR A (210%™, IR 7 & f 4 K
7, SR 5 L R (P 320%, 53 s, [AIFR10 s,
HE30K), i E30 min/5 #7010 min(8 000 xg),
VR Sl SR T el R 2 Wil g e R
1.6 HHB=fEa=E

ARV A B P9 B H v = BB (triglyceride, TG) &
50 H Il = A 2R N & (55 BCo62) il -
S3 I AEFE T B[] SOSCERZH BRL(S> 1071y, 2888 7 35
T, (Ph320%, A2 s, AR s, EE10IK), 4 °CHEL
10 min(8 000 xg), M biFAr . FARA L 72 2 2%
ESlieal R L
17 HEEREREE

AN TR 73 A 40 i 1 5% 577 5k o 0 i 5 T U IR (free
fatty acids, FFA) & &8 = 7507 B e I R & =R
GRS (B 5 BCOSISHLM o 73 5l £ 45 52 I 18] 5
HU AR M5 201 mL, R0 8 25 BR At A 5, )
WAREI o B 2 2 2 50 & i B 1

1.8 RIZEN#EZ43Z(Western blot, WB)

Sy ATE TR 5 B [AJUSCIR 75 26 4 Mo, i FHPIPA 2R
RN S E . FESRSEERESH
BCAHE FIR A MGG & A I . A3 I 10% 803 12%
T R B RS U M TR e B AT B A S, AR
JE ¥R EN300.22 pm ) ER i LM HE b 7% B S PVDF
JIELASE FH 5% 5 i 21 Wi v =5 iR 38 P12 h, S8 5 A5 AH B
B —HUE (1 pg/mL)E ¥ E 1.5 h; 8 5 FH TrisZE
A P ER AK R i3 20945 Wi (Tris-buffered saline and Tween
20, TBST)EHE3 K, T FHAH B I —HUiE (0.2 pg/mL)
FIRIEE 1 h; fea FH R BECLAL 5 & 6 A B
ARG CAGHAT IR 04 . GAPDHAE AN S HiiAk.
1.9 HESIT

SEIGHE xts 2 3K 78, ] Graphpad Prism 7.5
AR AT AE B o 38 43 i AR . P<0.05 9 B
REMFES, P<O.0LARANEENZR.

2 FR
2.1 C2C124mA AR AR 31

WE1FTR, C2C1240 A 1R H AR LS 33058 T
AJ LT A A 0 2 A2 AR B, = IA L4 A
AYE T ——MyoD. fEAERRE FHEL T, R
328 A 5, AR B T AR A R B R . Ak,
TEWB 1A 1 A 43 A 41 Y (un-differentiation cell,
UDC). AN 41 (myogenic differentiated cell,
MDC)Fl4E Jg % 43 AL 41 D (adipogenic differentiated
cell, ADC)H i S AL M B AR G T iU 32 A4 C i Bl 2k
[X]-¥--1a(peroxisome proliferator-activated receptor,
gamma, coactivator-1 alpha, PGC-1a)f1 AMPK i 55
H i [adenosine 5’-monophosphate (AMP)-activated
protein kinase, AMPK]H & 1E 5 iE 1. AMPKH!
PGC-1a/2 2 4 i B & 4 e T i R 220010 A
2Ji7i, PGC-1alf) & H /K P AEMDCH B & 70 fL 2t 72
B 238 v T EADCHY, PGC-1a ) 724 iR 70 b J5 3
WY = Rk . S 4 i A e R ) T FE R e o 4 i
S ACERRTE B . AMPKAIRERR 1k (11 AMPK (p-
AMPK)¥) £ A 7K “F- 7 ADCAIMDC 73 4k, Jim 1A S 2% 18
I, Rl A AR Ak 5 I R IE KT B3 S T A
WU JE I, 327 T AR IR T A N e & &
A )
2.2 C2CI24BREAFERE DL IR BN E R

MDCZH it 1) %] %5 1% £ N\ 7K “F-(glucose uptake)
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Immunofluorescence MyoD

MDC
7 days

80 pm

ADC
10 days

Giemsa staining

Oil red O staining
UDC: A 4HEIIC2C1 240 W% YL th); MDC: A=W LA (MyoD 4 5k, AEWLAMEEETR); ADC: AERE /LA ie (i ZLo g 4, AR AR/ 1k
ESPSN
UDC: undifferented C2C12 cells (giemsa staining of UDC cells); MDC: myogenic differentiated cells (immunofluorescence of MyoD protein in the
MDC cells at the day 7); ADC: adipogenic differentiated cells (oil red O staining of the ADC cells at the day 10).

El C2Cr2BRmE o wAERRE S
Fig.1 Myogenic differentiation and adipogenic trans-differentiation of C2C12 cells
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_25 _ 571 = ADC * 3
o - ADC 2 | = MDC s | & ﬁ%cc *
22,04 = MDC * 2 44 2
£ £ g 24
215 £ 31 2
a g g
210 27 2 1
=205 =14 =
[~ ~4 [~
0 . . . . 0 . . . . 0 . y . ,
S O T
NS Y N N

A: BRSPS A (PGC-1af1AMPK) I KA 28 4L; B: PGC-1afAMPK & H /K& &0 0. Bl Dixes I &R, n=3, (k36 73 7 4 40 18
FRF BT BL 22 57 3 1k, #P<0.05, 5SMDCALL .

A: changes of expression levels of the proteins (PGC-1a and AMPK) related to cellular energy homeostasis; B: quantitative analysis of protein levels
of PGC-1a and AMPK. The data is expressed in X+s, n=3, the student ¢ test was used to analyze the statistical significance between two groups of cells.
*P<0.05 compared with MDC.

E2 FRIZHHC2C12AM PR RSB S FHRIEER
Fig.2 The expression differences of the regulators in cellular energy homeostasis between
the different differentiated C2C12 cells
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b A AR 2 IS TH e B %4, FE HMDC
S0 L ) R0 250 R BB N KT AE AN R 43 A B BT S
T-ADCHH JL(EI3A). A i 2 2 200 Mt piy AR 1 11 B
B a8 AR S I R B, MDCAN AT 43
A HR AR S 1 T R R R AT S R T ADCAN i
(KI3B). WBAG I 25 J 3 B, MDCHH g (1) %] %5 Bl

#3128 M 4(glucose transporter 4, GLUT4) A1 S
li (hexokinase, HK) ik 7K ~F 3 i & 22 L 2> AL 3k 2
TR Tt e, I BB 2 v T [RF H E ADC 4 (1
4). TES A, ADCAH I i 1 18 S B (phos-
phofructokinase, PFKM)# i% /K 7 B & i F-MDC#H
J; TAEADCHHNE AL J5 HIPFKMIK-1- B B FEAR, 5

(A) Glucose intake (B) Pyruvic acid
8.0

4000007 APC - ADC

é - MDC . = MDC

N 2 6.0

23000001 =

= B3 *%
a &

= 2 4.0

5 200000 ol >

5 ok E, :

Q

$ 100 000 2.0

g

— *k

Y : : . 0 : : : :

uDC Early Middle  Late UDC  Early Middle  Late

Ar ANE S S IR P AT 2 B ML 05 B ANIF) A AR P DT IRR o ik  DAxees TR AR, n=3, oG58 73 17 19 AL R A AH [R] 3L B BUIR 22 57
FHE, #P<0.05, **P<0.01, 5MDCHI L.

A: glucose uptake in the different differentiated cells; B: contents of pyruvic acid in the different cells. The data is expressed in ¥+s, n=3, the student ¢
test was used to analyze the statistical significance between two groups of cells. *P<0.05, **P<0.01 compared with MDC.

E3 TR EC2C124ph AEFER AR5 T 1L
Fig.3 Changes of glucose uptake and metabolism in the different differentiated C2C12 cells

( A) ADC MDC

GLUT4

PFKM

HK

GAPDH

®)

GLUT4
PFKM LK

g
=)

61 = ADC e

= MDC - ADC

= MDC

- ADC
=+ MDC

N
W
—_
W

[}
Ju—
(=}

(=
W

Relative protein level
Relative protein level

i = =)
Relative protein level

o
o
o
w

— T o F S e
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A: HIETREROSCAA QR 42 8 (1(GLUT4. PFKMATHK) 34 4k; B: GLUT4. PFKMATHK & (K58 & o0 B Lless e REoR, n=3, &
5853 17 P9 L 20 B AR AH [ 23 AL B B 22 e S 3B E, *P<0.05, *#P<0.01, 5MDCHHLEL .
A: changes of expression levels of the proteins (GLUT4, PFKM and HK) related to glucose uptake and metabolism; B: quantitative analysis of pro-
tein levels of GLUT4, PFKM and HK. The data is expressed in X+s, n=3, the student # test was used to analyze the statistical significance between two
groups of cells. ¥P<0.05, **P<0.01 compared with MDC.

El4 FRSEC2C24 MR AE AR SHEIE S THRIAER

Fig.4 The expression differences of the regulators in glucose uptake and metabolism in the different differentiated C2C12 cells
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0.5
0 T

uDC Early Middle Late

,\
=)
~

FFA

15001
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10004
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Free fatty acids /umol

2501

0 T T T T
uDC Early Middle Late

A AN PRI P H I = B A B AN R R R I P e BRI A . Hed DA TR AR, n=3, o6 0 M WU ZEL 2R I £ AR O AR B B

Z2 S R F M, *P<0.05, **P<0.01, SMDCAH L.

A: content of TG in the different differentiated cells ; B: content of FFA in the culture medium of different differentiated cells. The data is expressed in

X+s, n=3, the student ¢ test was used to analyze the statistical significance between two groups of cells. *P<0.05, **P<0.01 compared with MDC.
E5 AR LC2Cr24apahaAs BUn R KIS L 1L
Fig.5 Changes of lipid deposition and metabolism in different differentiated C2C12 cells

MDCHH T B2 5. X deat PRAR R B, MDC4H
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S 00 P TG I 20 AR TS B . AR ADCH 234 v 3
FUJE A, K77 rh (FFA & /3 25 38, i MDCZH
M ks 72 5 HFFAI & o AR 3. R ER A%
{37 i (fatty acid translocase, FAT/CD36)F1 5 i iR 45 12
B L A7 5T 6 R R ) 2 B I 1 ) IR Wi N
BHENGI R S B 1, ACSA g T R & 1A it i)
SRS R . WBA I & B, FAT/CD361 & A &%
TEMDCHIADCHH i H #4314 52 30 BH 2 () 3 fin
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IFE ADCEH i Hp 1 302 1 32 32 = - T-MDCAN L (F6) -
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FEB L2 PRI, 175 MR I 5 2%
HETTATYE FR IR S ACHHE . Bl S (O WF 7 i3 T IGF1.
Rho. Wnt. BMP. PI3K/AKT. PRDM16. MAPK %
VAR 53 FAH OAF 5 1l B AE T 4l M i as v e A1 UL4H
WA M A Ak HE T BB R E R

JUETRAT AT O X LA B A= i i A i 45 1
PWENURE TP R T, (E R T 40 A A
BN AL SR Z NI B 4E ) 3 ERE R Pk
TR, A A A AR AT TS A AT DA AR K
Re AL iE sl MR BROIR TR S AT A AL 2
AT B B R AR B R, 1B DUE 5T
WS 5 ZMAamid . W TR Az &
A BIESNY ARAS, BE. IRAREI AR T E 2
NG AE S N RN S L

TENRB b, LA % R RSO 35 B
FEHZ, I LU IR T8 X A7 BN & B, B UL
AR T AERE A B A S Z 52Ul
N W7 AL 2R IR K B W S RN B B T & A T T R S 4
JR, L ER TR 0T 20 B R I o P S g P, IR LUR R
(CHm =B e e RE M Re £, BT N4
MR AR A 450, DhRe Al AL BV 3h <5 7
THIAAFTE B R B 22 57, R 40 B XS T4 o R R LA
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(A) ADC

MDC

uDC

Early Middle Late Early Middle Late

— . ———- el aad -
e = e | D

= | FaTPI

ACS

GAPDH

(B) FATP1 ACS
CD36
- ADC — 157 = apc <5 207
5107 T Wbe B = MDC 2 |= e T
(5} 2 = sk
i3] 1.57
g ’ £ 1.0 oy g
Q — -
H 6 2 * 210
g ¢ 2 0.5 2
3= 5 =05
52 ) 2
& ~ ~
0 T T T T 0 T T T 0 T T T T
@] ) @ @ (@) S o & (@) S @ @
N && N N @2@ F S & F
A BRSO I U H 45 28 11 (CD36. FATPIFIACS) £ IEAE4L; B: CD36, FATPIAIACSE /K V& B0 M. Hdl UatsiE N EoR, n=3, k&

303 P AL IR AR AR R 2 AU B BU 22 5 R T *P<0.05, **P<0.01, SMDCAHLL .
A: changes of expression levels of the proteins (CD36, FATP1 and ACS) related to lipids uptake and metabolism; B: quantitative analysis of protein lev-

els of CD36, FATPI and ACS. The data is expressed in X+s, n=3, the student ¢ test was used to analyze the statistical significance between two groups of

cells. *P<0.05, **P<0.01 compared with MDC.

El6 TR LC2C124RBa BE R REHEIE S FRREES
Fig.6 The expression differences of the regulators in lipid uptake and metabolism in the different differentiated C2C12 cells
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