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Abstract. - OBJECTIVE: Cardiovascular dis-
ease is one of the diseases threatening human
health. Myocardial fibrosis is a major cause of
cardiovascular diseases. Studies have shown
that over expression of miR-203 can inhibit the fi-
brosis. Therefore, in this study, the effect of dif-
ferential expression of miR-203 on fibrosis of cul-
tured mouse cardiomyocytes was investigated.

MATERIALS AND METHODS: Activators and
inhibitors of miR-203 were designed according
to the sequence of miR-203, synthesized, and
transfected into mouse cardiomyocytes to es-
tablish activator group, inhibitor group, and con-
trol group. The expression levels of fibrosis-re-
lated factors including FN, CTGF, and TGF-f1
were measured by Western blot and RT-PCR 24
h and 36 h after transfection.

RESULTS: Over-expression of miR-203 in mouse
cardiomyocytes significantly decreased the expres-
sion levels of TGF-B1, CTGF, and FN in a time-de-
pendent manner, compared with that in the control
group (p <0.05). Inhibition of miR-203 expression in
mouse cardiomyocytes significantly increased the
expression levels of TGF-B1, CTGF, and FN 36 h af-
ter transfection, compared with that in the control
group (p < 0.05). No significant differences were
seen in the expression levels of TGF-B1, CTGF, and
FN 24 h after transfection, compared with that in the
control group (p >0.05).

CONCLUSIONS: Over-expression of miR-
203 in mouse cardiomyocytes significantly de-
creased the expression levels of TGF-p1, CTGF,
and FN, which might be used as a detection in-
dex for prediction of fibrosis.
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Introduction

Myocardial fibrosis mainly refers to the exces-
sive deposition of collagen in myocardial intersti-

tium, which can lead to local collagen imbalance
and metabolic disorders. It is usually complicated
by a variety of cardiovascular diseases, such as
arrhythmia, heart failure, atherosclerosis sclero-
sis'?. A variety of factors, such as oxidative stress,
inflammation, viral or parasitic infections, apop-
tosis, have been related to myocardial fibrosis.
Because sustained myocardial fibrosis can cause
chronic ischemic heart disease, the study of the
regulatory mechanism of myocardial fibrosis is of
great significance®. Studies*® have shown that the
expression levels of FN, CTGF, and TGF- were
increased during the process of fibrosis, suggest-
ing that these factors might be used as a detection
index for prediction of fibrosis.

miRNA involves in the regulation of various
genes mainly through two different ways, fully
complementary and partially complementary. It
can either directly cause the degradation of mR-
NA of target genes, or reduce the transcription of
target genes by inhibition of gene transcription®’.
One protein may be regulated by a variety of
miRNAs. It has been shown that miRNA plays an
important regulatory role in many human diseas-
es. Some miRNAs have been used as markers for
early cancer detection or clinical targets®'°. Stud-
ies'"""* have shown that several miRNAs including
miR-101a, miR-101b also play a regulatory role in
the pathogenesis and development of myocardial
fibrosis. Studies of the relationship between miR-
NA and disease associated genes not only can
reveal the molecular mechanism of pathogenesis,
but also can provide potential targets for clinical
treatments.

It has been shown that over-expression of miR-
203 suppresses hepatic fibrosis'. However, the
effect of miR-203 on myocardial fibrosis remains
unclear. Therefore, the expression levels of miR-
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203 in mouse cardiomyocytes were manipulated
to investigate the effect of miR-203 on the expres-
sion of TGF-B1, CTGF, and FN as well as the role
of miR-203 in myocardial fibrosis.

Materials and Methods

General Information

Mouse cardiomyocytes (LH-1) were purchased
from Shanghai Beinuo Biotechnology Co., Ltd
(Shanghai, China). Cell culture medium DMEM
and trypsin were purchased from Hyclone (Lo-
gan, UT, USA). Calf serum was from Gibco
(Grand Island, NY, USA). Cell culture dishes
were purchased from BD (San Jose, CA, USA).
Liposome cell transfection kit was from Invit-
rogen (Waltham, MA, USA). TGF-B1 antibody,
CTGF antibody, FN antibody, and secondary
antibodies were from Santa Cruz Biotechnology
(Santa Cruz, CA, USA).

cDNA synthesis kit was purchased from TAKA-
RA (Kusatsu, Shiga, Japan). RT-PCR reagents were
purchased from Promega (Madison, WI, USA).
Protein extraction reagents were from Thermo
(Waltham, MA, USA). Primers were synthesized
by Shanghai Shenggong (Shanghai, China).

Transfection of Mouse Cardiomyocytes
in vitro

LH-1 cells were unfrozen and cultured in
DMEM medium containing 10% calf serum for
24 h. Cells were then counted, seeded into 6-well
plate at a concentration of 1 x 10° cells/well and
were cultured for 16 h before transfection. 50 ml
of opti-MEM was used to dilute miR-203 activa-
tors and inhibitors to a final concentration of 100
nM. 50 ml of opti-MEM was used to mix with
2 ml of lipofectamine. Diluted miR-203 activa-
tors or inhibitors and diluted lipofectamine were
mixed and incubated at room temperature for 30
min and then drop wisely added to cell culture
medium. Cell culture medium was replaced 4 h
later. Each treatment was performed in triplicate.

RT-PCR Measurement of the Expression
of miR-203 after Transfection

RNA was extracted and reversely transcripted
into cDNA according to manufacturer’s instruc-
tion. Briefly, | mg of RNA, 1 ml of random prim-
ers, and 8 ml of water were mixed and heated for
10 min at 70°C, then placed on ice for 5-10 min.
4 ml of reverse transcriptase buffer, 2 ml of DTT,
1 ml of dNTPs, and 1 ml of reverse transcriptase
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were then added to the mixture and incubated for
1 h at 42°C. The reaction was terminated by incu-
bation at 65°C for 10 min. PCR was performed to
amplify miR-203 and B-actin. PCR products were
resolved on agarose gel.

Western Blot Analysis of Expression
Levels of TGF-$1, CTGF, and FN

Proteins were extracted at 24 h, 36 h after trans-
fection. Briefly, cells were collected, washed with
cold PBS, lysed in protein extraction reagent, cen-
trifuged at 13000 rpm for 15 min at 4°C. The su-
pernatants were collected, quantified, resolved in
sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), and transferred to polyvi-
nylidene fluoride (PVDF) membranes. Membranes
were blocked with 5% nonfat dry milk in Tris-buff-
ered saline solution with 0.1% Tween-20 (TBST)
for 1 h at room temperature, and incubated with
primary antibody (1:100 dilution) for 8-10 h at 4°C.
The membranes were then washed 3 times with
TBST and then incubated with secondary antibody
for 2 h at room temperature. The bound complexes
were detected via enhanced chemiluminescence
(GE Healthcare, Piscataway, NJ, USA). The bands
were quantified by densitometry analysis, and the
ratio to B-actin was calculated and represented as
fold changes, setting the values of controls at 1.

RT-PCR Measurement of Expression
Levels of TGF-f1, CTGF, and FN

RNA was extracted from cells of each group
24 h and 36 h after transfection, quantified, and
stored at -80°C. All items used in this process
were treated with 0.1% DEPC water. RT-PCR was
performed with the following profile: an initial
5 min incubation at 94°C, 35 cycles of (35 s at
94°C, 35 s at 58.7°C, and 45 s at 68°C), and a final
extension of 8 min at 68°C. Primers used in this
study were listed in Table 1.

Statistical Analysis

SPSSI11.3 software (SPSS Inc., Chicago, IL,
USA) was used for data analysis. Significant dif-
ferences were analyzed using ANOVA with Soree
post hoc test. p <0.05 was considered statistically
significant.

Results
gRT-PCR Assay of miR-203 Expression

qRT-PCR assay of miR-203 expression
showed that the expression of miR-203 was
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Table I. Primer sequences.

Gene Sequence (5™-37) T (°C)
TGF-B1-F CCCGCATCCCAGGACCTCTCT 60
TGF-B1-R CGGGGGACTGGCGA

CTGF-F CTAAGACCTGTGGAATGGC 56
CTGF-R CTCAAAGATGTCATTGCC

FN-F CAGTGACTGGAGAGACTG 58
FN-R TGCCAGGGGAACATAGGCT
B-actin-F AACAGTCCGCCTAGAAGCAC 55
B-actin-R CGTTGACATCCGTAAAGA
Mir-203-F GCTGGGTCCAGTGGTTCTTA 65
Mir-203-R~ GCCGGGTCTAGTGGTCCTAA

significantly increased 24 h and 36 h after
transfection of miR-203 activator, compared
with that of controls (p <0.05). In contrast, the
expression of miR-203 was significantly de-
creased 24 h and 36 h after transfection of miR-
203 inhibitor, compared with that of controls (p
<0.05) (Figure 1). These results suggested that
the manipulation of miR-203 expression was
successful.
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Figure 1. miR-203 expression. A, RT-PCR analysis of miR-
203 expression; B, Gray value ratios of miR-203; *: p <0.05,
compared with the control group, **: p <0.01, compared with
control group.

Western Blot Analysis of TGF-51, CTGF,
and FN Expression

Western blot results showed that 36 h after
miR-203 overexpression, the expression levels of
TGF-B1, CTGF, and FN were significantly de-
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Figure 2. Western blot analysis of TGF-B1, CTGF, and FN expressions in each group.

839



Q. He, C.-M. Wang, J.-Y. Qin, Y.-J. Zhang, D.-S. Xia, X. Chen, S.-Z. Guo, X.-D. Zhao, et al.

Inhibitor Activator  Control

TGF-B1

CTGF

FN

B-actin
24h after transfection

. Activator group
. Inhibitor group
. Control group

M Activator group
. Inhibitor group

80 . Control group * 70

24h 36h 24h
TGF-B1

Inhibitor

Activator Control

36h after transfection

*

8 0 . Activator group
. Inhibitor group
70 . Control group

60
50
40
30
20
10

36h 24h 36h

CTGF FN

Figure 3. RT-PCR assay of TGF-B1, CTGF, and FN expression at mRNA level. *: p <0.05, compared with the control group.

creased in a time-dependent manner, compared
with that of controls (p <0.05). No significant
differences were found in the expression levels of
TGF-B1, CTGF, and FN 24 h after miR-203 over-
expression (p >0.05). These results suggested that
miR-203 regulates the expression levels of TGF-f1,
CTGEF, and FN in a time-dependent manner.

RT-PCR Assay of TGF-f1, CTGF, and FN
Expression at mRNA Level

RT-PCR results showed that after miR-203
overexpression, the mRNA levels of TGF-B1,
CTGF, and FN were significantly decreased in a
time-dependent manner, compared with that of
controls (p <0.05). In contrast, inhibition of miR-
203 for 36 h resulted in the increase of mRNA
levels of TGF-B1, CTGF, and FN, compared with
that of controls (p <0.05). No significant increase
of mRNA levels of TGF-B1, CTGF, and FN was
found at 24 h after inhibition of miR-203 (p
>(0.05) (Figure 3).
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Discussion

Myocardial fibrosis is a continuous process
in which multiple factors and signaling path-
ways play regulatory roles. Characterized by the
increase of the number in cardiac fibroblasts,
myocardial fibrosis is commonly seen in a variety
of cardiovascular diseases and seriously affects
patients’ health's,

Studies showed that TGF-fl, CTGF and FN
have a direct link with fibrosis. TGF-B1 is posi-
tively correlated with the synthesis of extracellular
matrix protein. Overexpression of TGF-B1 inhibits
the degradation of extracellular matrix proteins
and promotes fibrosis'®!". It has been shown that in
the processes of hepatic fibrosis and lung fibrosis,
TGF-f1 mRNA is significantly increased which
leads to increased deposition of laminin and fi-
bronectin'®. CTGF plays the same role as TGF-f1
in the process of fibrosis. CTGF is produced main-
ly through autocrine and paracrine and functions
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locally. Studies indicated that CTGF is regulated
by TGF-f and its expression is related to cell
proliferation and adsorption. Activation of CTGF
can promote various types of fibrosis. Therefore,
combined use of TGF-B1 and CTGF in the detec-
tion of fibrosis will give a better reliability. Studies
also showed that FN expression is up-regulated in
the process of fibrosis and FN plays an important
role in myocardial fibrosis. The combination of
the three factors will give a better result in the
detection of fibrosis'>?. Therefore, this work used
the three most representative fibrosis factors to
investigate whether miR-203 plays a regulatory
role in myocardial fibrosis. Results showed that
overexpression of miR-203 resulted in the decrease
of expression levels of TGF-B1, CTGF, and FN in
a time-dependent manner. In contrast, inhibition
of miR-203 expression resulted in the increase of
expression levels of TGF-B1, CTGF, and FN in a
time-dependent manner.

Conclusions

The transfection of miR-203 into cultured
mouse cardiomyocytes in vitro affects the expres-
sion levels of fibrosis-related factors including
TGF-p1, CTGF, and FN, which eventually affects
the pathogenesis of myocardial fibrosis, suggest-
ing that miR-203 can be used as a predictive
indicator in the detection of myocardial fibrosis.
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