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Abstract. – OBJECTIVE: Myocardial fibrosis 
(MF) seriously affects normal cardiac function. 
Meanwhile, MF at post-myocardial infarction (MI) 
is the leading cause of cardiac dysfunction in 
patients with acute myocardial infarction (AMI). 
Therefore, the aim of this study was to investi-
gate the potential effect of microRNA-29b on MF 
and cardiac function after MI in rats.  

MATERIALS AND METHODS: In vivo MI model 
was constructed by ligation of the left anterior de-
scending coronary artery in Sprague-Dawley rats. 
Lentivirus overexpressing microRNA-29b was es-
tablished and transfected to up-regulate microR-
NA-29b expression in rat myocardial tissues. The 
effect of microRNA-29b on luciferase activity of 
SH2B3 3'UTR was detected by the luciferase re-
porter gene assay. The mRNA levels of microR-
NA-29b, SH1B3, COL1A1, and α-SMA in the infarct 
border zone and cardiomyocytes were detected 
by quantitative Real Time-Polymerase Chain Re-
action (qRT-PCR). Meanwhile, the protein levels of 
SH1B3, COL1A1, and α-SMA in the MI border zone 
and cardiomyocytes were determined by Western 
blot. In addition, cardiac function and MF in MI rats 
were evaluated by echocardiography, hematoxylin 
and eosin (HE) and Masson staining, respectively.   

RESULTS: MicroRNA-29b expression de-
creased significantly in the infarct border zone 
at day 28 after MI (p<0.05). In addition, microR-
NA-29b overexpression in myocardial tissues of 
MI rats significantly improved impaired cardiac 
function, reduced collagen volume fraction and 
down-regulated the expressions of COL1A1 and 
ɑ-SMA. Subsequent luciferase reporter gene as-
say verified the binding relation between mi-
croRNA-29b and SH2B3. Furthermore, the ex-
pressions of COL1A1 and ɑ-SMA were confirmed 
negatively regulated by SH2B3. 

CONCLUSIONS: MicroRNA-29b overexpres-
sion alleviates MF and cardiac dysfunction in 
MI rats through targeting SH2B3.
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Introduction

Myocardial fibrosis (MF) refers to changes in 
the cardiac structure due to the mass accumula-
tion of extracellular matrix (ECM). It will even-
tually lead to a variety of heart diseases such as 
cardiac hypertrophy, heart failure, myocardial 
infarction, arrhythmia, and inflammatory cardio-
myopathy1,2. MF seriously affects normal cardiac 
function, which is also a key influencing factor 
in malignant arrhythmia after MI. Prevention of 
fibrosis occurrence or alleviation of fibrosis pro-
gression remarkably improves myocardial func-
tion, which is of great significance for improving 
the prognosis of MI3,4.

Studies have shown that thousands of microR-
NAs are expressed in the human heart. About 60-
70% of the present biological functions closely 
related to MF are progressed from heart diseas-
es5. MicroRNAs participate in the transcription-
al regulation of translation inhibition or mRNA 
degradation by binding to the 3’UTR of target 
mRNAs. Meanwhile, they are involved in various 
biological processes such as cell proliferation, dif-
ferentiation, and apoptosis6. It is believed that mi-
croRNAs may serve as key regulators in cardiac 
fibrotic diseases.

The microRNA-29 family contains three mem-
bers, namely microRNA-29a, microRNA-29b, 
and microRNA-29c. The expression level of mi-
croRNA-29 in infarct myocardium of mouse is 
down-regulated. MicroRNA-29 exerts a crucial 
role in the process of fibrosis after MI by regulating 
TGF-β pathway. Van Rooij et al7 have demonstrat-
ed that microRNA-29 is lowly expressed in many 
heart diseases, including MI and aortic atrophy. 
Collagen, metalloproteinase, elastin, and fibrillin 
are ECM genes, which are also target genes for 
microRNA-29. Low expression of microRNA-29 
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accelerates the production of ECM, thereby lead-
ing to the occurrence of MF7,8. An in vivo research 
has demonstrated that blocking the TGF-β/Smad3 
pathway can alleviate or even reverse cardiac dys-
function and MF results from microRNA-29b defi-
ciency. Myocardial fibroblasts are the most import-
ant cells for synthesis and secretion of myocardial 
ECM proteins. They are differentiated into specific 
myocardial fibroblasts after physicochemical or bi-
ological stimulation. This is manifested as an in-
creased expression of α-SMA, as well as accumu-
lative deposition of ECM proteins, including type 
I, III, and IV collagen10,11. The promotive effect 
of microRNA-29a on MF development is close-
ly related to myocardial fibroblasts. Furthermore, 
microRNA-29a has been identified to inhibit the 
proliferative behaviors of myocardial fibroblasts, 
eventually inhibiting the occurrence and progres-
sion of fibrosis12.

SH2B3 is a member of the SH2B adaptor fam-
ily, which affects the sub-localization of molecules 
and multiple pathways mediated by Janus kinase 
and receptor tyrosine kinase13,14. SH2B3 is involved 
in the differentiation of hematopoietic cells. Mean-
while, it is closely related to MI, metabolic syn-
drome, multiple sclerosis, systemic lupus erythe-
matosus, rheumatoid arthritis, and other diseases15. 
A previous in vivo MI model in mice has shown 
that the degree of fibrosis is aggravated by SH2B3 
deficiency16. Therefore, the biological function of 
SH2B3 in MI is ascertained. However, the exact 
role of SH2B3 in MF at post-MI has not been fully 
elucidated. The aim of this study was to investigate 
the specific function of microRNA-29b in MF and 
cardiac dysfunction at post-MI and to further clari-
fy the regulation of microRNA-29b on SH2B3.

Materials and Methods

Experimental Animals
As previously described, the in vivo MI model 

was constructed by ligation of the left anterior de-
scending coronary artery (LAD) in Sprague-Daw-
ley rats weighing 200-250 g with 8-10 weeks old17. 
All rats were randomly assigned into three groups, 
including sham group, negative control group (NC 
group) and microRNA-29b overexpression group 
(microRNA-29b group), with 15 in each group. 
Rats in NC and microRNA-29b group were admin-
istrated with NC lentivirus or lentivirus overex-
pressing microRNA-29b, respectively. This study 
was approved by the Animal Ethics Committee of 
Jinzhou Medical University Animal Center.

Rat Echocardiography
On the 28th day after LAD ligation, rats were 

intraperitoneally injected with 4% chloral hydrate 
(0.65 mL/kg). After the righting response disap-
peared, rat incisors and limbs were fixed so that 
they could be placed on self-made cardboard in a 
supine position. M-mode echocardiography was 
obtained using a small-animal ultrasound probe 
(model Veno2100) on the long axis of the para-
stolic left ventricle. Left ventricular end-systolic 
dimension (LVESD), left ventricular end-diastol-
ic dimension (LVEDD), left ventricular ejection 
fraction (LVEF) and left ventricular fractional 
shortening (LVFS) were finally recorded. 

Histological Analysis
Myocardial tissue in the infarct border zone 

was fixed in 4% paraformaldehyde for 24 h, em-
bedded in paraffin and sectioned. After tissue de-
waxing and hydration, the sections were stained 
with hematoxylin and eosin (HE) for morpholog-
ical evaluation. Meanwhile, Masson’s trichrome 
staining was performed to assess the degree of 
fibrosis. Each section was observed under a 200× 
light microscope Collagen volume fraction (CVF) 
was analyzed by Image-Pro 6.2 software with the 
following formula: CVF=collagen area/total area.

Cell Culture
H9c2 cells were cultured in Roswell Park 

Memorial Institute-1640 (RPMI-1640; HyClone, 
South Logan, UT, USA) containing 5% fetal bo-
vine serum (FBS; Gibco, Rockville, MD, USA) 
and maintained in a 37°C, 5% CO2 incubator. The 
culture medium was replaced based on the condi-
tion of cell growth. Cell passage was performed 
using trypsin up to 80% of confluence.

Luciferase Reporter Gene Assay
Cells were co-transfected with 20 nmol/L 

mimic control or microRNA-29b and 600 ng 
SH2B3 3’UTR-pmirGLO reporter plasmid. Lu-
ciferase activity at 36 h was determined accord-
ing to the instructions of relative commercial kit. 
Relative light units of Firefly (RLU-1) and Renilla 
(RLU-2) of target genes were recorded.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

Total RNA in myocardial tissues or cells were 
extracted using TRIzol Reagent (Invitrogen, Carls-
bad, CA, USA). Subsequently, the extracted RNA 
was reverse-transcribed into complementary De-
oxyribose Nucleic Acid (cDNA), and qRT-PCR 
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was performed to amplify the target genes. Specif-
ic qRT-PCR reaction conditions were as follows: 
94°C for 30 s, 55°C for 30 s and 72°C for 90 s, for 
a total of 40 cycles. The relative expression level 
of target gene was expressed by the 2-ΔΔCT method. 
U6 was used as an internal reference in the quanti-
tative analysis of microRNA-29b expression. Glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) 
was used as an internal reference in the quantita-
tive analysis of SH2B3, COL1A1, and α-SMA ex-
pression. The experiment was repeated 3 times. 
Primer sequences used were as follows: microR-
NA-29b, F: 5’-GTGAATGATAGTGAGGAACC-3’, 
R: 5’-GTCGAACGATCTTGCCACACGGA-3’; 
SH2B3, F: 5’-GCGTGAATGATAGTGAGGAG-3’, 
R: 5’-AGAACGATTTGCCACACG-3’; COL1A1, 
F: 5’-ACGATGCACCTGTACGATCA-3’, R: 
5’-CTTCAACACGCAGGACACT-3’; α-SMA, F: 
5’-GAGGGACTGGAACGACAA-3’, R: 5’-GT-
GTAAGCGAACATCCTAATACT-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Western Blot
The total protein was extracted from transfect-

ed cells by the radioimmunoprecipitation assay 
(RIPA) solution (Yeasen, Shanghai, China). Pro-
tein samples were separated by electrophoresis on 
10% of sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred 
onto polyvinylidene difluoride (PVDF) mem-
branes (Roche, Basel, Switzerland). Then, the 
membranes were incubated with primary antibod-
ies of SH2B3, COL1A1m, and α-SMA (1:1000) at 
4°C overnight. On the next day, membranes were 
incubated with horseradish peroxidase (HRP)-la-
beled IgG (1:5000) for 2 h. Immunoreactive bands 
were exposed by the enhanced chemilumines-
cence (ECL) method, and integrated optical den-
sity was analyzed by gel imaging analysis system. 
β-actin was used as an internal reference. 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 statistical software (IBM, Armonk, 
NY, USA) was used for all statistical analysis, 
and GraphPadPrism5.0 (La Jolla, CA, USA) was 
applied for image editing. Quantitative data were 
represented as mean ± standard deviation (x–±s). 
Categorical data and measurement data were an-
alyzed by Chi-square test and t-test, respectively. 
p<0.05 was considered statistically significant.

Results

MicroRNA-29b Overexpression 
Alleviated Cardiac Dysfunction at Post-MI

After 28 days of animal procedures, the expres-
sion level of microRNA-29b in the infarct border 
zone was determined by qRT-PCR. Results showed 
that compared to sham group, microRNA-29b 
expression in NC group was significantly lower 
(p<0.05). MicroRNA-29b expression was marked-
ly higher in microRNA-29b group than that of NC 
group (p<0.05, Figure 1A). Cardiac function of rats 
in each group was measured at day 28 through echo-
cardiography. Rats in sham group and NC group 
presented the highest and lowest levels of LVEF and 
LVFS among the three groups, respectively (Figure 
1B and 1C). M-mode echocardiography revealed 
good myocardial contraction of rats in sham group. 
However, rats in NC group and microRNA-29b 
group showed a worse myocardial contraction of 
the left ventricular anterior wall, which was more 
pronounced in NC group (Figure 1D). These results 
indicated that microRNA-29b overexpression im-
proved cardiac function at post-MI.

MicroRNA-29b Reduced CVF at Post-MI
HE staining showed orderly cardiomyocytes 

with uniform nuclear size. Cardiomyocytes in NC 
group showed derangement, nucleus aggregation, 
and the most abnormal morphology. By compari-
son, the microRNA-29b group showed an irregular 
structure with basically even nuclear size (Figure 
2A). Next, the Masson trichrome was performed. 
Among the three groups, sham group and NC 
group showed the fewest and the most blue-stained 
collagen, respectively (Figure 2B). CVF was ana-
lyzed based on Masson images using image anal-
ysis software. Results indicated that CVF was 
markedly lower in microRNA-29b group than that 
of NC group (p<0.001, Figure 2C).

Expression Levels of SH2B3, 
COL1A1, and a-SMA After 
Overexpression of microRNA-29b

The mRNA and protein levels of SH2B3, CO-
L1A1, and α-SMA in the infarct border zone were 
determined at day 28 by qRT-PCT and Western blot. 
SH2B3 expression was significantly higher in mi-
croRNA-29b group than that of NC group. Howev-
er, the expressions of COL1A1 and α-SMA showed 
the opposite trends (p<0.05, Figure 3A-3C). Western 
blot yielded identical results at protein level (Figure 
3). Therefore, we might conclude that microRNA-29b 
overexpression reduced the myocardial fibrotic level. 
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MicroRNA-29b Alleviated MF 
Through Targeting SH2B3

The SH2B3 luciferase reporter gene vector 
targeting microRNA-29b site was first construct-
ed. Subsequently, the effect of microRNA-29b 
on the luciferase activity of SH2B3 3’UTR was 
detected by luciferase reporter gene assay. Re-
sults demonstrated that luciferase activity was 
significantly inhibited after co-transfection of 
wild-type vector and microRNA-29b mimics. 
However, no significant changes were observed 
in the luciferase activity of mutant group (Fig-
ure 4A). To further validate the regulation of 
SH2B3 on MF, H9c2 cells induced with H2O2 
were transfected with SH2B3-RNAi. Compared 
to those transfected with SH2B3-NC, the SH2B3 
knockdown significantly decreased SH2B3 ex-
pression, whereas increased the expressions of 
COL1A1 and α-SMA at both mRNA and protein 
levels (Figure 4B-4E).

Discussion 

In recent years, scholars18-20 have confirmed 
a number of fibrosis-relative microRNAs. They 
can regulate the majority of fibrotic-relative mol-
ecules and pathways such as TGF-β, MAPK, inte-
grins and EMT pathways. MicroRNA-21, microR-
NA-29b, and microRNA-133a have been proved to 
participate in the process of myocardial fibrosis21. 
Previous studies have found that the injection of 
microRNA-29 inhibitor into the tail vein of mice 
can remarkably down-regulate expressions of fi-
brosis-related genes, indicating its close relation-
ship with ECM. Panizo et al22 have shown that mi-
croRNA-29b is capable of regulating MF through 
negatively mediating the expressions of Collagen 
I, MMP-2 and CTGF. In our work, we found that 
microRNA-29b expression decreased significantly 
in the infarct border zone at day 28 after MI, which 
was consistent with the previous findings7.

Figure 1. MicroRNA-29b overexpression alleviated cardiac dysfunction at post-MI. A, MicroRNA-29b expression in the in-
farct border zone at day 28. B-C, LVEF and LVFS in rats of sham group, NC group, and miR-29b group. D, M-mode echocar-
diograph in rats of sham group, NC group, and miR-29b group. *p<0.05 vs. Sham group; **p<0.01 vs. NC group.
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Figure 2. MicroRNA-29b reduced CVF at post-MI. A-B, HE and Masson images of sham group, NC group and miR-29b 
group (magnification 400×). C, CVF in sham group, NC group and miR-29b group. **p<0.01 vs. NC group.
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Figure 3. Expression lev-
els of SH2B3, COL1A1, and 
α-SMA after overexpression 
of microRNA-29b. A-C, mR-
NA levels of SH2B3, COL1A1, 
and α-SMA in the infarct bor-
der zone of sham group, NC 
group, and miR-29b group. 
D, Western blot analyses of 
SH2B3, COL1A1, and α-SMA 
in sham group, NC group, and 
miR-29b group. **p<0.01 vs. 
NC group.
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Migration and proliferation of cardiac fibro-
blasts are the major pathological changes of MF. 
The transformation from cardiac fibroblasts to 
myocardial fibroblasts further secrets a large 
number of ECM, including collagen, elastin, and 
fibronectin. As a consequence, the imbalance and 
disordered structure of collagens due to massive 
deposition and reduced degradation can eventual-
ly lead to MF23,24. Severely ischemic myocardium 
after AMI impairs cardiomyocytes and initiates 
myocardial repair. Thrombolysis, stenting and 
coronary artery bypass grafting at post-AMI can 
indeed save part of the necrotic myocardium. 
However, it can also lead to excessive MF. Scar 
formation strikingly aggravates coronary occlu-
sion and myocardial dysfunction, resulting in a 
vicious circle of ischemia-fibrosis-ischemia25,26. 
It has been found that the renin-angiotensin-aldo-
sterone system, matrix metalloproteinase, tissue 
inhibitory factor, vascular endothelial dysfunc-
tion, and transforming growth factor (TGF-β1) 
are greatly involved in the progression of MF27-31. 

MicroRNAs exert a regulatory effect on MF. For 
example, microRNA-26a32 suppresses the expres-
sions of connective tissue growth factor (CTGF) 
and type I collagen, thus alleviating MF. Fur-
thermore, novel fibrotic-related microRNAs have 
been searched in recent years.

MF is an advanced pathological manifesta-
tion of various cardiovascular diseases, including 
AMI, hypertension, diabetic cardiomyopathy, and 
pulmonary hypertension. The main pathological 
changes are ischemia-induced myocardial fibro-
blast activation, hyperplasia, and differentiation 
into myocardial fibroblasts expressing a-SMA. 
This may further synthesize and secret large 
amounts of ECM proteins33,34. a-SMA is a typ-
ical marker for the transformation of cardiac fi-
broblasts into myocardial fibroblasts. Meanwhile, 
it is often determined as a clinical index during 
the process of MF. Current studies have indicated 
that heart failure is frequently observed at post-
MI. The pathogenesis of heart failure includes 
myocardial remodeling, neuroendocrine activa-

Figure 4. MicroRNA-29b alleviated MF through targeting SH2B3. A, Luciferase activity in SH2B3 3'UTR. B-D, mRNA 
levels of SH2B3, COL1A1, and α-SMA in H2O2-induced H9c2 cells transfected with SH2B3-RNAi or SH2B3-NC. E, West-
ern blot analyses of SH2B3, COL1A1, and α-SMA in H2O2-induced H9c2 cells transfected with SH2B3-RNAi or SH2B3-NC. 
**p<0.01 vs. SH2B3-RNAi group.
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tion, and inflammatory response. Among them, 
cardiomyocyte hypertrophy, cell death, and extra-
cellular matrix fibrosis are the basic mechanisms 
of myocardial remodeling35. Excessive deposition 
of ECM alters cardiac mechanical strength and 
electrical conduction, reduces cardiac compliance 
and ultimately leads to arrhythmias36. Therefore, 
cardiac function is often monitored during the 
clinical treatment of MF.

Through echocardiography, HE staining, Mas-
son trichrome, CVF determination and COL1A1, 
and a-SMA expression determination, we verified 
that microRNA-29b overexpression could prevent 
MF, downregulate COL1A1 and a-SMA, and im-
prove cardiac function at post-MI. Further investi-
gations were conducted to elucidate whether SH2B3 
was involved in the regulatory effect of microR-
NA-29b on MF-related gene expressions. By H2O2 
induction in H9c2 cells transfected with SH2B3-
RNAi, both the mRNA and protein levels of CO-
L1A1 and a-SMA were determined. Our results 
demonstrated that microRNA-29b overexpression 
could significantly down-regulate the expressions of 
MF-relative genes by upregulating SH2B3. To sum 
up, microRNA-29b was capable of alleviating MF 
and cardiac dysfunction at post-MI through upreg-
ulating SH2B3. Our findings might provide a novel 
direction for the therapeutic therapy of post-MI. 

Conclusions

We revealed that microRNA-29b overexpres-
sion alleviates MF and cardiac dysfunction in MI 
rats through targeting SH2B3.

Competing interests
The authors declared that they have no competing interests.

References

    1)	 Iwasaki YK, Nishida K, Kato T, Nattel S. Atrial fibril-
lation pathophysiology: implications for manage-
ment. Circulation 2011; 124: 2264-2274.

    2)	Yue L, Xie J, Nattel S. Molecular determinants of 
cardiac fibroblast electrical function and thera-
peutic implications for atrial fibrillation. Cardio-
vasc Res 2011; 89: 744-753.

    3)	Vagos M, van Herck IGM, Sundnes J, Arevalo HJ, 
Edwards AG, Koivumäki JT. Computational model-
ing of electrophysiology and pharmacotherapy 
of atrial fibrillation: recent advances and future 
challenges. Front Physiol 2018; 9: 1221.

    4)	Francis Stuart SD, De Jesus NM, Lindsey ML, Rip-
plinger CM. The crossroads of inflammation, fi-
brosis, and arrhythmia following myocardial in-
farction. J Mol Cell Cardiol 2016; 91: 114-122.

    5)	Yang KC, Yamada KA, Patel AY, Topkara VK, George 
I, Cheema FH, Ewald GA, Mann DL, Nerbonne JM. 
Deep RNA sequencing reveals dynamic regulation 
of myocardial noncoding RNAs in failing human 
heart and remodeling with mechanical circulatory 
support. Circulation 2014; 129: 1009-1021.

    6)	Liu X, Luo G, Bai X, Wang XJ. Bioinformatic analy-
sis of microRNA biogenesis and function related 
proteins in eleven animal genomes. J Genet 
Genomics 2009; 36: 591-601.

    7)	van Rooij E, Sutherland LB, Thatcher JE, DiMaio JM, 
Naseem RH, Marshall WS, Hill JA, Olson EN. Dys-
regulation of microRNAs after myocardial infarction 
reveals a role of miR-29 in cardiac fibrosis. Proc 
Natl Acad Sci U S A 2008; 105: 13027-13032.

    8)	Abonnenc M, Nabeebaccus AA, Mayr U, Barallo-
bre-Barreiro J, Dong X, Cuello F, Sur S, Drozdov 
I, Langley SR, Lu R, Stathopoulou K, Didangelos A, 
Yin X, Zimmermann WH, Shah AM, Zampetaki A, Mayr 
M. Extracellular matrix secretion by cardiac fibro-
blasts: role of microRNA-29b and microRNA-30c. 
Circ Res 2013; 113: 1138-1147.

    9)	Zhang Y, Huang XR, Wei LH, Chung AC, Yu CM, 
Lan HY. MiR-29b as a therapeutic agent for an-
giotensin II-induced cardiac fibrosis by targeting 
TGF-β/Smad3 signaling. Mol Ther 2014; 22: 
974-985.

  10)	Hennemeier I, Humpf HU, Gekle M, Schwerdt G. Role 
of microRNA-29b in the ochratoxin A-induced en-
hanced collagen formation in human kidney cells. 
Toxicology 2014; 324: 116-122.

  11)	Mir SA, Chatterjee A, Mitra A, Pathak K, Mahata 
SK, Sarkar S. Inhibition of signal transducer and 
activator of transcription 3 (STAT3) attenuates in-
terleukin-6 (IL-6)-induced collagen synthesis and 
resultant hypertrophy in rat heart. J Biol Chem 
2012; 287: 2666-2677.

  12)	Ramdas V, McBride M, Denby L, Baker AH. Ca-
nonical transforming growth factor-β signaling 
regulates disintegrin metalloprotease expression 
in experimental renal fibrosis via miR-29. Am J 
Pathol 2013; 183: 1885-1896.

  13)	Wang B, Lemay S, Tsai S, Veillette A. SH2 do-
main-mediated interaction of inhibitory protein 
tyrosine kinase Csk with protein tyrosine phos-
phatase-HSCF. Mol Cell Biol 2001; 21: 1077-1088.

  14)	Ahmed Z, Pillay TS. Functional effects of APS and 
SH2-B on insulin receptor signalling. Biochem 
Soc Trans 2001; 29: 529-534.

  15)	 Flister MJ, Hoffman MJ, Lemke A, Prisco SZ, Rudemiller 
N, O'Meara CC, Tsaih SW, Moreno C, Geurts AM, Lazar 
J, Adhikari N, Hall JL, Jacob HJ. SH2B3 is a genetic 
determinant of cardiac inflammation and fibrosis. 
Circ Cardiovasc Genet 2015; 8: 294-304.

  16)	Dai X, Wiernek S, Evans JP, Runge MS. Genetics of 
coronary artery disease and myocardial infarc-
tion. World J Cardiol 2016; 8: 1-23.



Y. Wang, B.-J. Jin, Q. Chen, B.-J. Yan, Z.-L. Liu

10122

  17)	Wei B, Li WW, Ji J, Hu QH, Ji H. The cardiopro-
tective effect of sodium tanshinone IIA sulfonate 
and the optimizing of therapeutic time window in 
myocardial ischemia/reperfusion injury in rats. 
Atherosclerosis 2014; 235: 318-327.

  18)	Li Y, Lu J, Bao X, Wang X, Wu J, Li X, Hong 
W. MiR-499-5p protects cardiomyocytes against 
ischaemic injury via anti-apoptosis by targeting 
PDCD4. Oncotarget 2016; 7: 35607-35617.

  19)	Dakhlallah D, Zhang J, Yu L, Marsh CB, Angelos 
MG, Khan M. MicroRNA-133a engineered mes-
enchymal stem cells augment cardiac function 
and cell survival in the infarct heart. J Cardiovasc 
Pharmacol 2015; 65: 241-251.

  20)	Derrien T, Johnson R, Bussotti G, Tanzer A, Djebali S, 
Tilgner H, Guernec G, Martin D, Merkel A, Knowles 
DG, Lagarde J, Veeravalli L, Ruan X, Ruan Y, Lass-
mann T, Carninci P, Brown JB, Lipovich L, Gonzalez 
JM, Thomas M, Davis CA, Shiekhattar R, Gingeras TR, 
Hubbard TJ, Notredame C, Harrow J, Guigó R. The 
GENCODE v7 catalog of human long noncoding 
RNAs: analysis of their gene structure, evolution, 
and expression. Genome Res 2012; 22: 1775-1789.

  21)	Dawson K, Wakili R, Ordög B, Clauss S, Chen Y, 
Iwasaki Y, Voigt N, Qi XY, Sinner MF, Dobrev D, Kääb 
S, Nattel S. MicroRNA29: a mechanistic contrib-
utor and potential biomarker in atrial fibrillation. 
Circulation 2013; 127: 1466-1475.

  22)	Panizo S, Carrillo-López N, Naves-Díaz M, So-
lache-Berrocal G, Martínez-Arias L, Rodrigues-Díez 
RR, Fernández-Vázquez A, Martínez-Salgado C, 
Ruiz-Ortega M, Dusso A, Cannata-Andía JB, Rodrí-
guez I. Regulation of miR-29b and miR-30c by 
vitamin D receptor activators contributes to atten-
uate uraemia-induced cardiac fibrosis. Nephrol 
Dial Transplant 2017; 32: 1831-1840.

  23)	Daniels A, van Bilsen M, Goldschmeding R, van der 
Vusse GJ, van Nieuwenhoven FA. Connective tissue 
growth factor and cardiac fibrosis. Acta Physiol 
(Oxf) 2009; 195: 321-338.

  24)	Martos R, Baugh J, Ledwidge M, O'Loughlin C, Con-
lon C, Patle A, Donnelly SC, McDonald K. Diastolic 
heart failure: evidence of increased myocardial 
collagen turnover linked to diastolic dysfunction. 
Circulation 2007; 115: 888-895.

  25)	Tao H, Yang JJ, Shi KH, Deng ZY, Li J. DNA meth-
ylation in cardiac fibrosis: new advances and 
perspectives. Toxicology 2014; 323: 125-129.

  26)	Segura AM, Frazier OH, Buja LM. Fibrosis and 
heart failure. Heart Fail Rev 2014; 19: 173-185.

  27)	Lu Y, Liu JJ, Bi XY, Yu XJ, Kong SS, Qin FF, Zhou 
J, Zang WJ. Pyridostigmine ameliorates cardiac 
remodeling induced by myocardial infarction via 
inhibition of the transforming growth factor-β1/
TGF-β1-activated kinase pathway. J Cardiovasc 
Pharmacol 2014; 63: 412-420.

  28)	Morinelli TA, Lee MH, Kendall RT, Luttrell LM, 
Walker LP, Ullian ME. Angiotensin II activates 
NF-kappaB through AT1A receptor recruitment 
of β-arrestin in cultured rat vascular smooth mus-
cle cells. Am J Physiol Cell Physiol 2013; 304: 
C1176-C1186.

  29)	Kim HS, No CW, Goo SH, Cha TJ. An Angioten-
sin receptor blocker prevents arrhythmogenic left 
atrial remodeling in a rat post myocardial infarc-
tion induced heart failure model. J Korean Med 
Sci 2013; 28: 700-708.

  30)	Hattori Y, Hattori S, Akimoto K, Nishikimi T, Suzuki K, 
Matsuoka H, Kasai K. Globular adiponectin activates 
nuclear factor-kappaB and activating protein-1 and 
enhances angiotensin II-induced proliferation in car-
diac fibroblasts. Diabetes 2007; 56: 804-808.

  31)	Dean RG, Balding LC, Candido R, Burns WC, Cao Z, 
Twigg SM, Burrell LM. Connective tissue growth 
factor and cardiac fibrosis after myocardial infarc-
tion. J Histochem Cytochem 2005; 53: 1245-1256.

  32)	Wei C, Kim IK, Kumar S, Jayasinghe S, Hong N, Castol-
di G, Catalucci D, Jones WK, Gupta S. NF-kappaB 
mediated miR-26a regulation in cardiac fibrosis. 
J Cell Physiol 2013; 228: 1433-1442.

  33)	Talman V, Ruskoaho H. Cardiac fibrosis in myo-
cardial infarction-from repair and remodeling to 
regeneration. Cell Tissue Res 2016; 365: 563-581.

  34)	van den Borne SW, Diez J, Blankesteijn WM, Verjans 
J, Hofstra L, Narula J. Myocardial remodeling af-
ter infarction: the role of myofibroblasts. Nat Rev 
Cardiol 2010; 7: 30-37.

  35)	Bui AL, Horwich TB, Fonarow GC. Epidemiology 
and risk profile of heart failure. Nat Rev Cardiol 
2011; 8: 30-41.

  36)	Ripplinger CM, Lou Q, Li W, Hadley J, Efimov IR. 
Panoramic imaging reveals basic mechanisms of 
induction and termination of ventricular tachycar-
dia in rabbit heart with chronic infarction: implica-
tions for low-voltage cardioversion. Heart Rhythm 
2009; 6: 87-97.

. 


