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Effect of over-expressed miR-155 on inhibiting C2C12
myogenic differentiation

Yan Xiong, Yu Wang, Ning Wei, Ruxiang Xu, Gongshe Yang, and Weijun Pang
Laboratory of Animal Fat Deposition and Muscle Development, Northwest A & F University, Yangling 712100, Shaanxi, China

Abstract:

constructed adenovirus over-expression vector of miR-155, then C2C12 cells were infected by adenovirus and induced

To clarify the function and molecular mechanism of miR-155 in myogenic differentiation of C2C12, we

myogenic differentiation. First, we observed the morphology of C2C12 after differentiation. Then the mRNA and protein
expressions of myogenic markers (MyoD, MyoG and MyHC) were detected by qPCR and western blotting. Subsequently,
the dual luciferase reporter gene assay was carried out to validate putative target gene (TCF4) of miR-155. Meanwhile,
mRNA level of TCF4 was analyzed after over-expressing miR-155. The results show that over-expressed miR-155 reduced
myotubes formation. Moreover, the mRNA and protein expression of MyoG and MyHC decreased significantly (P<0.01).
Further miR-155 bound the one (4532-4538) of three
(1487-1493,1516-1522,4532-4583) of TCF4 by luciferase reporter gene assay and the mRNA level of TCF4 decreased
notably (P<0.05). The data suggest that miR-155 inhibited myogenic differentiation of C2C12 through targeted TCF4.

research  demonstrated putative  sites

Keywords: miR-155, C2C12, myogenic differentiation, TCF4, adenovirus
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TELR BT miR-155 RY#EIER, &P T 40)
[K-F 4 (T cell factor 4, TCF4) f#7£ 3 /)~ miR-155
VS TEREA A o TCF4 1 28t wat {5538 1Y
TR, R S M A, I BLAR B
JILER 85 1 F 4 22k N miR-155 ATRE
# a1 455 TCF4, M| @, M c2C12
B34
AWFFEE ] £ miR-155 3 FR IR

G C2C12 4ifEIfE T o4k, 12 qPCR F
Western blotting £ A A Wl WL 40 ffd 73 1k bk i 2
, 1 MyoD LA LA I (Myogenin, MyoG)
K MyHC By£3EKF, BIf T miR-155 7E UL
SALFRRITER . IR miR-155 PR ALAN I
GBS FHLE, FEE TCF4 (1% 3' UTR X
KEHR A, 5 miR-155 3 F kBRI Y
HEK293T #iiffd, =R mge, Jfik—2
Kl it %635 miR-155 X} C2C12 ' TCF4 ¥
mRNA JK-F520, 4575 T miR-155 4% C2C12
BT A 23 L, K miRNA P84 UL
fEHE AL HE IR

1 MHEE7*®

1.1 #E

B B AR R G A S E R
HEK293T., HEK293A, C2C12 #iifg R34y A
I RL 27 B b1 A= A Rk 2 A B A Ak S A i
AW 2RSS BT . BRI N YIS (Xho T AN
Kpn1). Taq W§F1 T4 DNA ##:/§ (TaKaRa),
Pme I . Pac [ (NEB), [ §5%F1 qPCR X7 £
(TaKaRa), BCA #H & =il & (Beyotime);
I AV N o 7 W [ N il T o
(Omega); R EHE BT & (Promega);
A . S (HyClone); DMEM 135 3t
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MIRE B (Gibco); HER . MHER(WUFH
/N H]); TurboFect Transfection Reagent (Thermo
Scientif); MyoD ¥ifk (Santa Cruz, 1 : 500),
MyoG #if& (Millipore, 1 : 500), MyHC Fifk
Studies Hybridoma Bank,
Universityof Iowa, IA, 1 : 500), HABEHII N

HE 0 B [ P A A b 4l B14A R A B R
Jb ot = A RS RS

1.2 Ak

1.2.1 miR-155 BURF S AR~ 53
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A KRR e RN | B ARG
M. BAEAE . BRBE miR-155 MEBVFH, FIH
Clustal W A XF 7 964 T PRSP 204 o
1.22 B miR-155 JR s M Bk, aEy
V&

FHAHAT BRI PE N DA Xho 15 Kpn 1 #41
519 3% miR-155 FifAk, JFi B8N &5
WR#EH A pAdTrack-CMV H1, 4 Pme | £kit:1k
5, 5 pAd-Easy ‘B4Rz IASLE (L BJ5183 Jgsz
S, JFR T RIBE RO, ff
pAdTrack-CMV-miR-155 55 pAd-Easy H423{k
A, WHPERTE GEBR/NWREE), R
R ARIUTRL, )5 EAT Pac T MY 5007 %
E o ML E A AN Pac [ BUIZMEAL)S
LT TELlAY . ¥ 293A ANHELL 2x10* 4 i /cm?
(% AT 60 mm FEFRINL, FE4UfpA4 =
70%—-80% I}, =7 TurboFect Ui BH45, F4lifk
) B sE LR PE AL ORE e g HEK293A 4 i ifE 47
%5, 5 7-14 d, EEIANHHERH PLEE, 4
WA, AR BTSN . AHE T R
A, A 1 mL B3R 5T-80 CHl 37 C/
SRR 3-4 Wk, WREEANIEE, 80 CHRAFE. M

(Developmental
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HEK293A #4iffiLL 5x10° 403 T 100 mm
BRI, FRAUEmA E 90% A _Fi s T
P8, 3648 h JE AN, LARIARRAY )y i s
WEE, FHTEeesim i,
1.2.3  C2C12 ZuMafARSM LIS A RS Y fy ST
RO C2C12 4 LA &4 10% FBS (1)
= B5 DMEM #5383t (E K Kr 3 3k, growth
medium, GM) 7£ 37 'C. 5% CO, WAl P15 3% .
A 80%—90% LA FERT, HllE 2%
b fil % B DMEM 85 3% B (0 fb B FR 2
differentiation medium, DM) %S H L1k .
iR 2 KAk, FRELis Sd, DUENE B s
B IE K

IR, FRANIC A3 60%-70%, 352515973,
A miR-155 B # L3 500 pL Fl miR-155
Y EE 100 pL, [FAFHAL RIS GFP BB B 1E
Xt B, I HLS A B B B — B e R
UMM 4 h 5, #RAL GM, FR4ifIC& =
80%-90% , &I = LAk my Iy i T 304k
1.25 %X EE PCR (g-PCR)

WCEEANMEL, F Trizol E4EHUAHME . RNA,
F¥F RNA-free /K, 3 1% B IR EEIR
HL K A% IR i ORI B, RNA 119 53 i S vk
fE, -80 C{£f7. Fl U6 5 microRNA B oligdT
SBEHLG I P kA 8 cDNA., 2 TaKaRa
s Hl ) qPCR BEWI, SR 20 uL & &R X

185

1.2.4  33iE miR-155 KRR ERYL C2C12 41ff
PL 5x10* 4fffl/cm?® M9 BEEHEAP T 60 mm

miR-155 KRR JE R VAT a0, DA U6
1 GADPH fE M NZ, 5l¥FF10LE 1.

*1 EHES PCRIBXEEMIIVFIRSH
Table 1 Primer sequences and parameters for real-time PCR of related gene

Primer Oligonucleotides (5'=3") Product (bp)  Temperature (C)

miR-155-RT CTCAACTGGTGTCGTGGAGTCG

GCAATTCAGTTGAGTACCCCTA
miR-155-F GGAGGTTAATGCTAATTGTGATAG 65 56
miR-155-R CTCAACTGGTGTCGTGGAGTC
v-miR-155-F CGGGGTACCGGGGAAATCTGTGGTTTACGT il s
v-miR-155-R CCGCTCGAGCTGAGTTTATCCAGCAGGGTG
U6-F AAAATATGGAACGCTTCACGAA
U6-R GTGCTCGCTTCGGCAGCACATAT 108 60
MyoD-F CTACCCAAGGTGGAGATCCTG . 0
MyoD-R CACTGTAGTAGGCGGTGTCGT
MyoG-F ATCCAGTACATTGAGCGCCTAC 255 -
MyoG-R GACGTAAGGGAGTGCAGATTGT
MyHC-F CGCAAGAATGTTCTCAGGCT o i
MyHC-R GCCAGGTTGACATTGGATTG
TCF4-F GGAGGAGAAGAACTCGGAAAA 266 0
TCF4-R AGGTAGGGGCTCGTCAGGT
GADPH-F TGCTGAGTATGTCGTGGAGTCT
GADPH-R ATGCATTGCTGACAATCTTGAG 17 60
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1.2.6 Western blotting

B S MLrh A 4 i PBS T 0E 3 Wk, IR
Ak, WA, —80 CIRAF. R, A
200 pL 7% 1% PMSF (& B0 HI0)) 74240 2
R, VK F24#% 30 min, SRJ5 4 °C . 12 000 r/min
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JH 240 0 224 e R B R B, (SR R B Y —
fbo 5 B 14 B HEINA Sx FREZR v,
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HLDKIE , WHC 20 pL 25 ERE S BAE, HLDK R B,
NI F] PVDF IR (MSRRLAF4ER ) I,
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5 GAPDH M —#ui & %, Ik Elﬁﬁﬁ /i A
2 h, Bio-Rad GS-800 MRt R4 W R4, fii [
Quantity One Manuel i}dfrl_ﬁi}?f}?ﬁ*ﬁ, 2
SIS
1.2.7 PR IREEE

HEK293T DL 8x10* 4ilif/ em® 9% FE 2 Fh T
24 fLHL. B53% 24 h J5, P TurboFect
Transfection Reagent #1E F- it 7 5% 4%, ARfLn
A 100 ng ) psiCHECK-2-3'" UTR #1 900 ng
pAdTrack-CMV-miR-155 = #% pAdTrack-CMV
B, JFRE AN ER. Y36 hE, BALn
A 500 pL 9% SRR, AR XU 2R il
&1, FA PerkinElmer VicTOR X5 RS 4
Sl U 2 2k HR 98 S 3R AN 08 R G M
S5 R BN NS POC R M/ K DR BT 1
ML, AbFRAFT 5 X A AT A
1.2.8 GEit#aHr

K H SPSS 11.5 itk One-way ANOVA
AT 2200 S BB R . LI B LA X +s
For, *P<0.05, ZFEE; *P<0.01, E57
S ETE
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2.1 miR-155 ZE AN E 4 M BYIRF IE S 47
7E miRbase FdEr ol R/, A

oA RIEE . #ffa . GRS . BESfa
XMy, SRR BRBER miR-155 BTt
17 Clustal W L X} 45 5 B /s FL U7 S AE Y Fh
fETE2 S, Hh g RUNRES 12 (il U,

HA4 R (F 1), % miR BEFH] 5 2-8
AIEEE R FF P, H 5 mRNA 455 IR E %,
R FCH B IE R B, Bl 5 4 BRI 10 A2 1 R
AR 5 25U miRNA 58807 2508 B R S5 H R
SEFERE (BIRAR A BT RE /N, DA 5 i LA g
PERIUSIO ) B miR-155 76 /0N BURISE b (0 3 3

g S HALYFEEE S . A, HoAd
miR-155 W BT SNAE 39 o J5 — > BB EE A
FESR AR (A 1), ,H\T/g%ﬂl’] miRNA 5 #15E

HEsarkaE e, BT miR-155 76X 44
Fh g B — & R ORATFHE

Gorilla UUAAUGCUAAUCGUGAUAGGGG-
Carp UUARUGCUAAUCGUGAUAGGGG-

Xenopus UUAAUGCUAAUCGUGAUAGGGG-
Zebrafish UURAUGCUARAUCGUGAUAGGGG-
Chicken UUAARUGCUAAUCGUGAUAGGGG-

Dog UUAAUGCUAAUCGUGAUAGGGGU

Chimpanzee = UUAAUGCUAAUCGUGAUAGGGGU
Macaca UUAAUGCUAAUCGUGAUAGGGGU
Bovine UUAAUGCUAAUCGUGAUAGGGGU
Human UUAAUGCUAAUCGUGAUAGGGGU
Pongo UUAAUGCUAAUCGUGAUAGGGGU
Mouse UUAAUGCUAAUUGUGAUAGGGGU
Pig UUARUGCUAAUUGUGAUAGGGG-

KRRk R RE KRR

—— Seed sequence

El1 miR-155 B F I A B 9t B R <F IE 47
Fig. 1 Conservative analysis of miR-155’s mature
sequence among 13 species. “*” represent base

consistent perfectly.
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2.2 miR-155 RiFEE IR E

FHHA Xho T A1 Kpn T B0 S 09514, LA
/N DNA SRR vifE Kl 321 bp . & B VI 84
FEAI pre-miR-155, M Bl H w9 A B (A
2A, ki 13), M54 AR] pAdTrack-CMV #
ki, AL KRBT DHSa 54 Xhol I
Kpn I BEDT (B 2A, PKiE 1-12) W75 50 DL &
pre-miR-155 [ ZER MRS pAd-Easy B 44
FH., & Pacl MiblE, HB—545 4.5 kb /)
A BOFI—45 23 kb K Be (81 2B), 4R 1
PEE LR, P4 5E 5 miRbase 134158 42—
F, FTHRINMHE T miR-155 JETE R4 2K,

2.3 miR-155 RFEFHHAMER ST E

Ve K LT 19 FE AL ARIR B 2K pAd-miR-155
H Pac I MVl J5, ZEEUiiEsifk, FH TurboFect
YL G5l 60%—70% i) HEK293A 4ifitl, %¢
BB F A, B3 KA KR, H 6 K
HEE R RS (K 3A), FFRER 4 i
%, RUREEBUA, MR, TOREYE,
hndE 36 h 5 JLF- BT A i gl sk e (K 3B),
48 h WAL S0% M A% (& 3B), BEiE
WA 1) S B ]

A

3000
1500
1000

500
231

bp MI1 2 3 45 6 7 8 910111213 M2 bp

2.4 miR-155 fRmE G C2C12 AR K H i
RIEH AN

miR-155 IR 8 R GY I A %N 60%-70%H)
C2CI12 #iffd, F+F GFP AbFE R X, 24 h J5 W
2, BYBCR KL N 50% (K 4A), 48 h WAL
L, $PRECE RNA, RS SR s 51 W) B i
¢DNA, qPCR 43 #7 miR-155 BLETH i 155 ,
DL U6 fEN NS 4R BR, i KiK. miR-155 J5
HELRETET 8.8 % (P<0.01), FHIMEM
HARRELE C2C12 HhiEsidik.
25 IFRiE miR-155 #IF| C2C12 HHAE A AN
ok

ARG EE AL FREY C2C12 4 HEAT 201k
S, MBI 5 RANMEIE S, 45
REL, XTI GFP BUmseab B 5 d 5, AiIE R
ol IFERENEIE (B 5A). R, &
ik miR-155 454z 208061, AU B B b
(Kl 5A), [l $RICAHMLE RNA, qPCR il
WL 55 7 MyoD . MyoG K MyHC it 3
K, 45 R MyoG Fl MyHC i mRNA 7K
A T (P<0.01), 1fii MyoD 9 mRNA 0%
AT HERAEE (B 5B.C F1 D), Western

B

bp M 1 2 3 4 5 6 kb

SOOO

=N U=1—D W)

2 pre-miR-155 RFH I KA AR E

Fig. 2 Construction of miR-155 adenovirus over-expression vector. (A) pAdTrack-CMV-miR-155 was identified by
restriction enzyme digestion (Kpn I and Xho I). M1, M2: DNA marker; 1-12: the digested production of pAd-CMV
recombinant plasmids; 13: the pre-miR-155 fragment purified by DNA gel extraction. (B) The easy vector contains
pre-miR-155 digested with Pac I. M: DNA marker; 1: easy vector and pAdTrack-CMV-miR-155 recombinant plasmid;
2: pAdTrack-CMV-miR-155; 3-6: the digested production of easy vector and pAdTrack-CMV-miR-155 recombinant
plasmid.
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3 EERFEHM pAd-miR-155 MEREYT

Fig. 3 Package and amplification of recombinant adenovirus vector pAd-miR-155. (A) The third day after HEK
293A cells transfected with pAd-pre-miR-155, 30%—-40% cells expressed GFP. In the sixth day, the GFP expression
increased rapidly, and the shape of GFP was like a comet tail (100x). (B) The GFP expression when pAd-miR-155

proliferated in HEK 293A cells (100x).
A B

120 %3k
10.0 f
8.0F
6.0
4.0
20F

0.0 -

GFP miR 155

miR-155 relative
expression

4 miR-155 BRImEH AR C2C12 R id FRIx LRGN

Fig. 4 miR-155 adenovirus infected C2C12 and the efficiency of overexpression was detected. (A) C2C12 cells
before being infected by adenovirus and the GFP expression in C2C12 cells infected with adenovirus containing
miR-155 (40x). (B) Real-time PCR analysis mRNA expression of mature miR-155. ** P<0.01 compared with GFP

group.
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A B
§ l4p OGFP mmiR-155
S 12}
=
5 1.0F
2
5 0.8}

26

zo

Z 04f

=

Q 02F

Q

0.0 :

0d 4d

D
C - §90.0r oGFP mmiR-155
S 451 OGFP ®mmiR-155 2800}
2 L g _
g 40 5700}
&35} 5
% o 60.0F £
q>) 30F = 50.0F
S 50k . b 40.0
< 1sb Z 300
Z &~
g ok S
? S n
< 0.0 : 0.0
0d 0d 4d
F .
GFP miR-155 0.7 OGFP mmiR-155
= 05F
MyoG—> E! R
E, 0.4
£ 03F T
f <
MyHC .. < 02f ok
GAPDH E 0.0 ' '
MyoD MyoG MyHC

Bl 5 miR-155 #Ilf] C2C12 ML 5 1L

Fig. 5 miR-155 inhibits the C2C12 myogenic differentiation. (A) Morphometric observation of C2C12 myoblast
differentiation at day 5 (100x), white arrows indicate myotubes. (B—D) Q-PCR showed the relative mRNA expression
of MyoD, MyoG, and MyHC between over-expression miR-155 and GFP group. (E) The protein expressions of MyoD,
MyoG and MyHC were analyzed by Western blotting at day 5 after differentiation. (F) Densitometric analysis of
MyoD, MyoG and MyHC, normalized against GAPDH. ** P<0.01 compared with GFP group at the same time point.
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bloting /M frfE 1381k, 455 qPCR 45—,
MyoD il MyHC #& &L B T (& SE
F)o U R4 KA TR %Rk
miR-155 #lifil C2C12 A5k .

2.6 miR-155 $L & X TCF4 RYIEIE
F|F TargetScan (http://www.targetscan.org/

vert_50/) #1 PicTar (http://pictar.mdc-berlin.de/)
EAEL T AT KB TCF4 1 3'UTR A 3 M
SPRYBE AL (B 6A), 5 s TERE LA
K A AR AN 23T miR-155
JSA T B 5 T B4 1) 7 2SS R RS
(http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/

A Predicted consequential pairing of target
region (top) and miRNA (
Site 1 Position 1487-1493 of TCF4 3' UTR 5' ... GCCAACCAAUCAUGC - -AGCAUUAU . ..
mmu-miR-155 3 UGGGGAI.IJII%GII.IJGUUAAIIJCIGII.IT/IMIXIIJU
Site 2 Position 1516-1522 of TCF4 3' UTR 5 - CCUUAUAAGCCCUAAAGCAUUAA ..
1te mmu-miR-155 3 UGGGGAUAGUGUUAAUCGUAAUU
Site 3 Position 4532-4538 of TCF4 3' UTR 5' . UGUACACAUAGCUGCAGCAUUAA. .
mmu-miR-155 3! UGGGGAUAGUGUUAAUCGU)\/I%IIJU
*
=
B 4}'}) Oxe B
Site 1 A Site 2 AF Site 3 T
3 } \}> NN
'\ P Py’ ~
‘\? f X # ”‘;\
Y L & (\
J\\- ix fA A \;\
“f \ P P N /f" ‘} \
PR SO Q “TTY AN
u\‘ };}7 ‘) \\,BJ L 1 I :I ‘}}’ L
oS A 5
o mfe. -20.1 keal/mol mfe: —18.6 kcal/mol mfe: —20.3 kcal/mol
‘ , Xho 1 Not 1
T7 | HSV-TK
hRluc TCF4-3' UTR hluc+
Promoter Promoter
D 14 E
1.8
% 1.2+ 9 16l
E 1.0 g 1.4}
S 2 08} 5= 1.2}
== U o2 *
52 2= Lot
25 06} s = 08}
£ % 04l £ 8061
e = 04}
< 02; 2 o2}
0.0 0.0

TCF-3'UTR-1+Control TCF4-3'UTR-1+miR-155

6 TCF4 2 miR-155 B3 £ A

TCF4-3' UTR-2+Control TCF4-3' UTR-2+m1R-155

Fig. 6 TCF4 is a target gene of miR-155. (A) Three putative target sites of TCF4 were predicted by TargetScan and
PicTar. (B) miR-155: TCF4 3' UTR duplex among different putative target sites. The sequence marked in red is TCF4
3' UTR, and the sequence marked in green is the mature sequence of miR-155 in mouse. mfe: minimum free energy.
(C) Schematic representation of the construct used in the luciferase assay. (D and E) miR-155 directly binds to 3' UTR
(4532-4538) of TCF4. HEK293T cells in 24-well plates were transfected with 3'UTR reporters (psiCHECK-1-3'UTR
contains sitel and site2, psiCHECK-2-3'UTR contains site3, 100 ng) and pAdTrack-CMV-miR-155 (900 ng). Lysates
were harvested 36 h after transfection, and reporter activity was measured with the dual luciferase assay. * P<0.05

compared with control.
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submission.html), Z5 R B /R 3 M AH S
miR-155 JERLH A g/, ditgmtas (K
6B), HATHESE miR-155 K IEMERBALS . BT
IETIZE R, W T TCF4 (R R EHI
FEHEIA (B 6C): psiCHECK-1-3' UTR ({7 Sitel
55 Site2) Hl psiCHECK-2-3' UTR (f1% Site 3), 4%
S5 miR-155 2 3Rk Frki % g« HEK 293T 4
JfL, AN L K RS R AN S 0O R WS 1,
LA K RS CR BTG NS . R R
Y & Site3 MY 98O WIS PE W] B AT
(P<0.05) (& 6E), Tifd# Sitel 45 Site2 Y%L YL
HEFAREHE (K 6D), W miR-155 i1 # )
44 TCF4 1 Site3 KAFMER .

2.7 @dF&iE miR-155 T8 TCF4 B mRNA
K

DL B E TCF4 J& miR-155 AYSE KL,
C2C12 4 fifg 1t 2 ik miR-155 AETH 520 N 5 TCF4
) mRNA 7K V75— 2B 0F 5% . BRI B Js% e
C2C12, 43l FEdE T34k 0 d.. 4 d WA 4 2 HX
RNA, FIH qPCR ¥zl TCF4 ) mRNA 7K,
gE B R #3K miR-155 #45 TCF4 ) mRNA
KV RETRE (K 7), RUITERN g,
TCF4 5% % miR-155 A5 .

3 itk

BHE UL DL A F2 22 R 5, LA A
SRR AR LT MR, Iz RIER A
e, WREIK RIS MR B M F BN
PR L AEg IS RNA BT . DR,
miRNAs ER—FiAiBEIESi% RNA, [ iZiS
5T R FLZ M £ 23 A LA R A S BT I
i, DL C2C12 sy, S48 i

100 OGFP mmiR-155
9.0 T

8.0F
7.0 F
6.0
5.0F
40t
30F ks

20F

*k
1.0 F
0.0 L

0d 4d

TCF4 mRNA relative expression

7 miR-155 J@¥5 TCF4 &9 mRNA K F

Fig. 7 miR-155 regulates TCF4 at the mRNA level.
Over-expressed miR-155 in C2C12 cells shows a
significant decrease in the endogenous TCF4 mRNA
level. ** P<0.01 compared with GFP group at the same
time point.
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