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In Vitro Inducement of C2C12 Myoblasts into Differentiation of Myotubes

CHEN Yong-le!, ZHOU Guang-qian?, DENG Yu-bin', ZHI Wei?,
XIE Hui-qi?, DENG Li?, YANG Zhi-ming?, WANG Ya-zhu!
( 1. Department of Patholophysiology, SUN Yat-sen Medical School, SUN Yat-sen University, Guangzhou 510089,
China; 2. Institute of Stem Cells and Engineering, Huaxi Hospital, Sichuan University, Chengdu 610041, China )

Abstract: [Objective] To observe the role of low concentration horse serum on differentiation inducement of
(C2C12 myoblasts into mature myocytes and consequent formation of myotubes, exploring a method for committed
myogenic differentiation, and its related molecular mechanisms. [Methods] The C2C12 myoblasts were cultured in
high glucose-containing DMEM complemented with various conceniration horse serum, then harvested and observed
under the phase contrast microscdpe for the alteration of their appearance, and detected for the expression changes
of muscle-associated genes by immunocytochemistry and RT-PCR assays respectively. [Results] (1)Both 20 mL/L
and 50 mL/L horse serum concentrations were capable of stimulating myotube formation of C2C12 myoblasts, of
which the 20 mL/L horse serum had the higher inducing effect (on day 7, the ratios of myotube formation in both
] groups are 31.4% = 2.1% and 19.0% + 1.6%, respectively, P < 0.0001). (2)Induced with 20 mL/L horse serum
for 3-4 days, myotubes started to form. Later on, more and more myotubes appear, and at the peak on 8-9 days

(day9, the myotube formation ratio was 40.2% # 1.3%). After that, the cells gradually got senile and end in
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death.  (3)In the maturation process from C2C12 to myocytes iriggered by 20 mL/L horse serum, expression of
MyoD,
gradually (prior to simulation, their expressions ratios were 49.6% = 1.1%, 23.4% * 1.1%, 4.8% + 1.6%, and
2.6% + 1.5%, respectively; on day 6, up to 80.4% + 1.8%, 85.4% + 1.1%, 22.2% =+ 1.1%, and 26.0% =
1.6%, respectively; P < 0.001), of which the counterpart mRNAs of desmin, MyoD, and myogenin could also be

muscle-related protein molecules changed: expressions of desmin, myogenin, and myosin increased

detected by RT-PCR. [Conclusions] (1)Low concentration horse serum is capable of effectively inducing C2C12
myoblats to differentiate into mature myocytes, of which the 20 mL/L horse serum bears the higher effect. (2)C2C12
cells are an optimal model for research on myogenic development and differentiation. ~ (3)The process of muscle

development and differentiation is complicated, in which too many factors are involved with. So, the design should

be made in a standard way.
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L JElg + 0.2 g/L EDTA, 01| KA T 11 PR B2 e
s LTS HRATRFRZEAR), B
MyoD Hi#E . FHL myosin Bk, BPT myogenin HT
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ONEIFER) , DAB BaRFIE (B RIUE - fEA
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1.4.1  C2C12 A3 i3 4 E 7 C2C12 41
Jfi, FA4 100 mL/L FBS M35 E# DMEM 537
TR E R 5 x 10/mL, AP, B
37 °C, A E 5%CO, WigF s B2 d
W, MR T A A B
142  C2C12 tmfbif$uoess s FH TNE JH4k
AT HEFEIR 90% ~ 100%l& ) C2C12 40, &
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mL/L I Il 185 ) 725 W DMEM 15 7 5L 8 5 41 e vk
H 5 x 10/mL, B 37 C, IR 5%CO, HIEFE
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143 Gimsa # &3 B METNE M 142 %
CBR—ARE R RE SR C2C12 40, 45001 K2R i
PREE [ 5256 o0 T 41 M 45 2H 4R T ARG 58 7 e
1T Gimsa oo, AR N ARTE A FAE KB 00, BR e
BRAENE B,
1.4.4 005 AL A AL B & 5 F &
B CEHEEENAE SR C2C12 4R R I
B (£ 20 mL/L S 35535 d0,d3,d6 3 4 Ht
FORMEIEH £ 40 o/L Z R P EE 2 5
A& A F UL AT DAB S 40 i b2 e 6, ) W
2 TR AMR, 41 6 FLAREE SR, B e H it
1 ANEE R B AR A A0 EIGE 3 x 10° ~ 5 x
105, FANAFAE S 1A, 81 3 AN E AL,
145 RT-PCR 4] 28 LK mRNA 5F &k 40
MIAE 25 mL B3GR SR ST 1 MRS, T
AR T IR 1 % 10° ~ 3 x 105, 20 mL/L
7S do F0 d6 43 A1 1 4, B4 -3k 3
MNE M,

(DRNA #2EU S 44k . F Trizol 1% C2C12 5
C2C12 &F- LR, 58 3 v B B 2lik,
RNA,57 CHEE 10 min, BUER 40668 1M
diEEMEE,

Qi S L (RT) « 488 PN 4R 2 I A& i
57 LEPRFR 25 wL: 10xPCR buffer 2.5, MgCl, 5.0,
DNTP mixture 2.5, RMNase inhibiter 0.5, AMV
Reverse Transcriptionase XL 0.5, RAndom primer
pairs(F+R) 0.5, RNA sample 2.5, Rnase free H,0
11.0] 345, # 50 C IV 50 min, FEH A
95 CHRNL 2 min, I 1 MEHHIT RT IR 153
cDNA, RFT 4 CHHFMA,

QL B A WH4E S (PCR) : HdE I A R [ 2
& TR 25 wL:Premix Tag 12.5, WZEK 9.5, Primer
pairs (F+R) 1.0, ¢DNA 2.0, GADP (P2 8)0.6]
IIASFEAS R SIERE A T B E b PCR XY™
HHRHEE .95 CAM: 2 min 3 1 AMEER SRSE
fT(95 CAME 30 s, 35 60 CiB k 45 s, B J5
72 CHEMH 1 min 30 s)35 MEIR, HEE 72 CHIE
fi 10 min, 255N, RTFET 4 CRAL,

4 RT-PCR &7=¥) F 12 o/L BGHEEER
VK, UK RS HE A sh s 2R g P LB AR,
1.4.6 %3t F 44 R SPSS B FIEFT P ME

A LR ¢« IR AT, KKK HE 0=0.05,
2 % R

2.1 C2C12 HREILTEIE I5

Y I7ES 10 mL/L B9 FBS I35 19 =5 % DMEM
Bar PSR e 4TS B0,
— o A KR, 3 ~ 4 d HAKTELRE , HE
FERERG N, YA BB TS AR B AR K Ap
o, BEYER G188 EINT, BFE Gimsa YL
o, B ERR IR, B NNE
(8 1A - D) /3575 FBS YR, B9 100 mL/L
MR 50 mL/L EZE R 20 mL/L, K iE—%
% BB,
2.2 C2C12 YHREFESAN 4> 155

C2C12 WLRTARZIMAE S 20 mL/L ¥ L 1
B DMEM 8538, 293 ~ 4 dJ5 BIsE T 77
GE LB B AR A Al A B B0, RILILETE AL, BE 3 i
B RS , 200 B 23 AR AR | 40 it - sle il &2 |
A DAL 278 P12 A 5 BB ERAL A0 HLAS 1Y 30
(Bl 2A - E), B 8~9 RikEIE (59 XK
40.2% + 1.3%) , Z Ja AMZE W H 0T, 50 mL/L
L i WA FREI S E R (R 8 2 ~ 3
d, SR B B AR T 20 mL/L YBEE (5 7 KA L/
B WRSHN 31.4% = 2.1%H 19.0% + 1.6%,
P < 0.001), 100 mL/L 5 Ift 35 ¥ A WL R Wi 5
SAHER _
2.3 C2C12 PILET {4 48 B 150 AL 20 B 43 4% 3T 22 ALAR
XEANTRIE

o E AN AL R & L, C2C12 AR £ 20
mL/L 5 I ¥ 513 (dO) B desmin F1 MyoD 32 35%%
FHMER (AN .49.6% = 1.1% 23.4% +
1.1%, & 3A,B), 1l myogenin F1 myosin B335, {H
FRARRBE (N AR 4.8% = 1.6%F 2.6% +
1.5%, 3 C,D), 20 mL/L Il 3% 5| 38— B it Ja)
J&, 4 20 mL/L 5 I8 HE 6 d, desmin ,MyoD |
myogenin #l myosin X H A B B E (B MM
P B4R .80.4% + 1.8% ,85.4% + 1.1%),
22.2% + 1.1%,26.0% = 1.6%; P<0.001, & 4A-
D),
2.4 C2C12 JILHy {248 A 1= AL 28 R 43 44 3t 72 AL 4
& mRNA 9F5Ri%

#47 RT-PCR B FE 218 B0 R AY 5 RNA , 75
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Fig.1 Views of C2C12 raised in the proliferation medium under phase contrast microscope
A: C2C12 cells look alike in shape when growing in a low density; B and C; C2C12 cells become thin and long like fibers when growing in
a large density; D Gimsa staining shows C2C12 cells look like shuttles, without fusion of cells and formation of myotubes; x200

2 AEBMET C2C12 MIALA WIS ST
Fig.2 Views of C2CI12 cells raised in the myogenic differentiation medium under phase contrast microscope
A :after 3 days’ stimulation with 20 mL/L horse serum,fusion of cells and formation of mytotubes rise to view;B:on day 4 of stimulation,with
cells growing in a larger density, the number of fusion cells goes up. Quite a few myotubes comes to view;C:on day 7 of stimulation,more fusion occurs.
Longer and larger myotubes appear; D :through Gimsa staining, bead-like nuclei in the myotubes on day 5 become clearer; A, B, D:x200; C:x400

3 ICC MEMFRE M F TR C2C12 MR RIE
Fig.3 Expression of muscle-associated molecules in non-stimuation C2C12 myoblasts are detected by using ICC assay
The expression ratios of the protiens are; A: desmin 50%; B. MyoD 24%;C. myogenin 6%; and D: myosin 4%; x200
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B4 ICCHMAMREESTFES 20 mL/L DB 6 d i C2C12 41 _E#RE
Fig.4 Expression of muscle-associated molecules in C2C12 myoblasts stimulated with 20 mL/L horse serum for 6 days
are detected by using ICC assay
Expressions of all the four proteins markedly rise; A; desmin 81%; B: MyoD 86%; C: myogenin 22%; D: myosin 27%; x200
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SER IR ZI R RNA 74 A260/280 EL{EHRTE 1.6 5]
2.2 Z I8, AR TR AR, i RT-PCR A&, R
2551 C2C12 40 jE desmiin, MyoD F1 myogenin

%k ,desmin £ MyoD 7§ — % 72 & # i5 , myogenin

RIEME , A (Pax7, Al MFR4) 2 7R 46 I 5
mRNA ik, 4041 20 mL/L A9 55 1035 B &
B DMEM 6 d 3537, £ desmin F1 MyoD ik
B8 , myogenin /R FIM G F ik, T Pax7 Hl MFR4
ISR ARG E] mRNA 35 (& 5),

bp 12345M 6 7 8910 bp

-
Desmin
317

:’ Myogenin

Bl 5 1.2%3RAE A5 R R IR RT-PCR #3159 B A9
EE =
Fig.5 Products of target genes (mRNA) expanded in
RT-PCR are analyzed through eletrophoresis on 1.2%
agarose gel
Without stimulation, desmin, MyoD mRNA and myogenin could
be detected, but in a weak way. After stimulation for 6 days with 20
mL/L horse serum, desmin and MyoD expressions increased
remarkably and that of myogenin seemed to remain at its previous
level. Pax7 and MRF4 didn’t appear in either non-stimulation or 20
mL/L horse serum treated group (Lanes 1-5 for desmin,MyoD,
myogenin, MFR4 and Pax7 respectively, and from 20 mL/L HS
stimulated C2C12;  6-10 for Pax7,MFR4,myogenin, MyoD and
desmin respectively, and from non-stimulated C2C12; Lane M for 50
bp DNA ladders. GAPD used as inner control)

3 i #
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f PR ELA TRV VAT 4 | B 2 0] O AL 40 A
BRSO AR R M, — S VAR S A Rk A A
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myogenin MR/ DB, Pax7 1l MRF4 , INETE
KPR mRNA ZCEER R B 0k, X5
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