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ABSTRACT

Previousstudieshave shown that IncRNAsmall nuclearRNAhost gene7 (INncRNASNHG7played an important
role in cancerprogression.However,the role of INcCcRNASNHG7n cardiacfibrosisis still poorly understood. In
this study, the results of quantitative real time polymerase chain reaction (QRFPCR)analysisshowed that
INcRNASNHG vas over expressedn the infarcted and peri-infarcted areain the left ventricle after Ml in mice.
Westernblot analysisshowedthat knockdownof SNHG#ecreasedhe expressionof collagentype 1 (Coll)ant
h -smooth muscleactin 6 'SMA).Echocardiographistudy suggestedhat inhibition of SNHG7mproved cardiac
function after Ml in mice. Luciferaseassayindicated SNHG €ould act asa competingendogenousRNA(ceRNA
by spongingmiR-34-5p. The MTT cell proliferation assayand 5-ethynyl-2Qdeoxyuridine (EdU)labelling assa
revealed that co-transfection of SNHG7and miR-34-5p inhibited cell viability and proliferation of cardiac
fibroblasts (CF).All the resultsindicated that INcRNASNHG Zould promote cardiacfibrosis via targeting miR-
34-5p through actingasa ceRNAIn mice after MI. Silencingof SNHGTould attenuate deposition of collagen:
and improve cardiacfunction. miR-34-5p could suppressthe fibrogenesisof CFby targeting ROCKHAnd abolish
SNHGnducedCFproliferation and fibroblast-to-myofibroblasttransition.

INTRODUCTION pathway is manly responsible for the property of T&H-

Myocardial infarction (MI) is the most common event in
cardiovascular diseases, accounting for the death of
millions of patients within the past five years. The
pathogenesis of Ml is associated with various factors,
such as high fat diet, diabetes, hypesten and
smoking. Cardiac fibrosis (CF), also known as cardiac
remodeling, has been closely related to arrhythmia,
cardiac dysfunction and even sudden cardiac death. It is
the pathological outcome of myocardial infarction at a
certain stage, and also ammportant indicator of
ventricular remodeling. CF is a complicated montage of
various mechanisms involving many factors, including
transforming growth facteb ( WGFE t he key
in the pathogenesis &F. And TGFb / Smad s

as a cytokine with many kinds of biologic activity. The
Rho-associated, coiledoil domain containing protein
kinases (ROCK1), a regulator involved in the FGF
b/ Smads signaling pathway,
threonine kinase that will be activated when bound to the
GTP-bound form of Rho. Previous studies have
demonstrated that ROCK1 is involved in the
pathogenesis of many diseases. Upregulation of ROCK1
has been demonstrated to mediate the proliferation and
metastasis of osteosarcoma cdlld. In addition, it has
been reported that ROCK1 plays an important role in
pathogenesis of various tumors. Activation of ROCK1
signaling pathway has been proven to promote invasion
andengetadtasid obpancreatic cancer ¢g]land ROCK1

s i g megy linhibitgthe PTEN/FAK pathway to promote the
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development of neasmalkcell lung cancef2]. ROCK1

is also a critical regulator of Beclirhediated auto
phagy during metabolic streg8]. ROCK1 can also
suppress the migration of inflammatorgells by
regulating PTEN phosphorylation and stabi[4y and it

is also a critical regulator of stress erythropoiesis and
fibrosis [5i10]. However, its upstream regulatory
mechanism remains elusive.

More than 80% of the human genome is transcribed with
only less than 2% is coding for proteins. This means that
most DNA sequences are transcribed into-piatein
encoding RNAs, among which, the short fumding
RNAs, such as microRNAs, have been extensively
studied as potential biomarkers and therapeutigeta.
Another kind of norcoding RNA, called longhain
noncoding RNA (IncRNAs), with a length of more than
200 nucleotides, has gradually come to the forefront of
attention among researchers. Compared with microRNA,
the gene regulation mechanism of Inc&Nis relatively
more complex, involving the activation and inhibition of
gene expression, as well as the regulation of chromatin
structure [117113]. Many studies have found that
IncRNAs play an important role in the process of growth
and development of amals and human[14i 16].
Moreover, attention has been increasingly paid to the
role of IncRNAs as novel biomarkers and therapeutic
targets in a variety of malignant tumofs7]. Many
InNcRNAs has been reported to play vital roles in the
proliferation, invasin and metastasis of cancer cells
[18i 21]. Previous studies have indicated that IncRNA
SNHG7 contributed to the proliferation and metastasis

of colorectal cancer and suppressed the apoptosis of

gastric cancer cellR2, 23] Besides, INCRNA SNHG7
has beenfound to promote tumorigenesis of breast
cancer cells by activating epitheliadesenchymal
transition (EMT) and Notcii signaling pathwaj24] as
well as stabilize SDA1 domain containing 1 (SDAD1)
MRNA and induce cardiac hypertrophy. But the role of
INcRNA SNHG7 in cardiac remodeling caused by
myocardial ischemic injury remains unknown.

MicroRNA (miRNA)s are a large group of small single
stranded regulatory RNAs that are approximately 18 to
24 nucleotides in length and encoded in animal, plant
and virus gnomes and they are highly conserved in
evolution. They can inhibit translation and/or lead to the
degradation of target
untr ansl at-&TR) of target genes. [n Beéent
years, studies have confirmed that miRNAs, thiou
regulating gene expression at pusinscriptional level,
participates in embryonic development and cell
proliferation, differentiation and apoptosis and are
closely related to the occurrence and development of
tumor, heart diseases and other disea®@R-34-5p, a
member of the miRB4 family, has been reported to

negatively regulate life spg25]. But the role of miR
34-5P in heart diseases has not been scarcely described.

The findings of this study were as follows: #&-5p

had cardieprotective eféct and could attenuate cardiac
fibrosis by targeting ROCK1 pathway; INcRNA SNHG7
was upregulated in mice at 4 weeks after Ml;
overexpression of SNHG7 inhibited expression of miR
34-5p and promoted proliferation and fibroblast
myofibroblast transition r@d silencing of SNHG7
abolished cardiac remodeling and improved cardiac
function.

RESULTS

Inhibition of INCRNA SNHG7 attenuated cardiac
remodeling induced by ischemic injury in mice.

A four-week chronic myocardial infarction murine
model was built to eauate the effect of IncRNA
SNHG?7 in cardiac remodeling., The area of cardiac
fibrosis was found to be increased in MI group as
compared with that of the shawperated group, as
shown in Figure 1A. The result of gRACR analysis
also indicated that the epgssion of mMRNA of Col 1al
and Col 3al were upregulated in the ventricular tissue of
MI mice (FigurelB). Furthermore, the protein levels of
col | age-8BMA averd exdmined using western
blotting analysis (Figure 1C). Compared with the sham
operated group t he
SMA were upregulated in mice suffering from MI. All
the above data indicated the successful construction of
the MI model. Then the mRNA level of IncRNA
SNHG7 was determined in the cardiac tissue, cardio
myocytes and cardiac fibroblasts using RACR
analysis. INcCRNA level was increased both in the infarct
and periinfarct tissue as well as in fibroblasts in mice
after Ml, as shown in Figure 1D, 1E.

To explore the role of IncRNA SNHG7 in pathogenesis
of MI, adenovirg carrying a SNHG%pecific shor
hairpin RNA (AAV9-shSNHG7) was constructed to
suppress the expression of INcCRNA SNHG?7 in vivo. The
virus was intravenously injected via tail 1 week before
the MI surgery and gRPCR analysis showed that the
expression of ACRNA SNHG7 was significantly
downregulated in mice administered with the injection

-mR N Afs AAYyshSHKHGY dass regmpated with Hhat o8 thed

MI group (Figure 2A). However, the downregulation
was not observed in AAV8cramble group.
Echocardiographic findings revealed the recovery of
ejection fraction (EF) and fraction shortening (FS)
after the inhibition of IncRNA SNHG7 in MI mice
(Figure 2B,2C), suggesting the cardioprotective effect
of INcRNA SNHG7 silencing. The expression of mRNA
and protein level of collagen were also determined using
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western blotting and qRPCR analysis and the results SNHG7 sgnificantly inhibited the expression level
showed that inhibition of INcRNA SNHG?7 significantl of miR-34-5p, as compared with the pcDNA group

di mini shed the express+i on (Fdure 2B IMbreogee RNA irstesferemce bexberinerst U
SMA(Figure 2D, 2E). These data demonstrated that showed that knockdown of SNHG7 byRINA elevated
INcRNA SNHG7 could promote cardiac remodeling  the expression level of miB4-5p (Figure 3C).

after Ml and silencing of SNHG7 could significantly Meanwhile, it wagevealed that inhibition of SNHG7 in
attenuate the collagen deposition and cardiac mice could also lead to upregulation of R8RB-5p

remodelig. (Figures Jand2) (Figure 3D). To evaluate the targeting correlation
between SNHG7 and miB4-5p, miR34-5p sensor
Overexpression of LncRNA SNHG7 accelerated luciferase reporter vector with a perfect rBB5p
cardiac fibrosis by acting as a ceRNA sponging miR binding site contaii ng t he 36UTR of
34-5p reporter gene was constructed. As shown in Figure 3D,

the luciferase activity of milB4-5p sensor was
The function of IncRNAs as a ceRNA has been widely enhanced in cardiac fibroblasts after transfection of
reported. To further evaluate the role of SNHG7, SNHG7, compared with the pcDNA group (Figure 3E).
the stabase databaseht{p://starbase.sysu.edu.xn/a In contrast, SNH@ silencing significantly reduced the
bioinformatics prediction website, was utilized to predict  luciferase activity of miR34-5p. Furthermore, forced
the target of SNHG7 and it was found that there are expression of miRB4-5p suppressed the luciferase

binding sites of SNHG7 on the sequence of 18#F5p activity of sensor and ewansfection of miR34-5p and

(Figure 3A). Furthermore, the losand gairof-function SNHG?7 alleviated that effect (Figure 3F). Binding of
experiment was performed to reveal the relationship SNHG7 to miR-34-5p was also detected by directly
between SNHG7 and miB4-5p. The plasmid of constructing luciferase reporter vector containing

SNHG7 was transfected into cardiac fibroblasts to SNHG7 fragment with the normal or mutated binding
overexpress INcCRNA SNHG7. Overexpression of  sites for miR34-5p. miR34-5p inhibited the luciferase
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Figure 1. The differential expression of SNHG ¢amdiac tissues and cardiac fibroblagd) Quantification of the total fibrotic area

using Imagel. Fibrosis areas of shasperated group and MI group were detected by Masson staining. Data was presenteshast SEM,;
two-tailed t test was used for the statistical analysis. n=7 mice per grddip. (Ywb! SELINB&aairzy 2F Oz2ffl ISy
measured by qRPCR; GAPDH mRNA served as an internal control. Data was presented as mean +-Gidéd} twest was used for the

statistical analysis. n=6 mice per grou@0( t N2 G SAyYy S @S {-8MAvdre nizastirédIby Begternvblotting Bnalysis; GAPDH
served as an internal control. Data was presented as mean + SENhitedt test was used for the statistical analysis6 mice per group.

(D) gRTPCR analysis showing upregulation of INcRNA SNHG?7 in thefaeted and infarcted areas of left ventricle of mice after MI. Data

was presented mean + SEM; tailedt test was used for the statistical analysis. n=5 micegpeup. € gRTPCR analysis showing elevation

of INcRNA SNHG7 in cardiac fibroblasts after treatment withi T@F 6 M1 Y IK Y[ 0 F2NJ HnK® 5| (aileditest LINB a
was used for the statistical analysis. n=5 independent cell culttir®s0.05, ***P<0.001.
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activity of the wildtype SNHG7 vector and had no
effect on mutated SNHG7 vector. However, the mutated
miR-34-5p had no effect on both vectors. These data
indicated that INcRNA SNHG7 can directly target miR
34-5p as a ceRNA (Figure 3).

To further explorewhether SNHG7 promotes cardiac
fibrosis via sponging mif34-5p, the expression level of
miR-34-5p in both cardiac tissue and cardiac fibroblasts
was determined. As shown in Figure 4A, 4B, the
expression level of mi34-5p was decreased in the
infarct areaand the perinfarct areas of cardiac tissues
and cardiac fibroblasts treated with T®F whi ch
widely used to construct cell model of fibrosis. In
addition, the mMRNA | evel s
found to be increased in cardiac fibroblasts tramete
with SNHG7. However, the effect was not observed in
the cardiac fibroblasts dpansfected by SNHG7 and
mMiR-34-5p(20 nM) (Figure 4C). MTT assay was also
performed to explore the effect of SNHG on cell

viability of cardiac fibroblasts and ¢mnsfection with
miR-34-5p reversed the positive effect of SNHG7
(Figure 4D). The effect of SNHG7 on cardiac fibroblasts
proliferation and fibroblastnyofibroblast transition was
evaluated to explore the mechanism ®NHG7 in
cardiac fibrosis. Results showed that overexpression of
SNHG7 accelerated proliferation of cardiac fibroblasts
and promoted fibroblashyofibroblast transition. In
contrast, these positive regulatory effects were not noted
with the cetransfection of SNHG7 and miR34-5p
(Figure 4E, 4F). Collectively, these data indicated that
INcRNA SNHG7 promoted cardiac fibrosis via acting as
ancaRNA by targeting mi#34-5p (Figure 4).

Siléncing oof INARNA SMHG7 Gleviatked TGFyv e r e
induced fibrogenesis in cardiac foroblasts

The role of SNHG7 on fibrogenesis was explored using
gRT-PCR analysis and the results showed that
transfection of sBNHG7 significantly inhibited the

viability. Overexpression of SNHG7 improved the MR NA expression l evel s
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Figure 2. Silencingf SNHG?7 inhibited cardiac remodeling after NW) gRTPCR analysis showing that ASWEBNHG?7 reversed the
up-regulation of SNHG7 in Ml mice; GAPDH mRNA served as an internal control, arsfr8exshble served as an additional control. Data
was presergd as mean + SEM; omay ANOVA was used for the statistical analysis. n=6 mice per giup) ¢4 weeks after M,
echocardiographic findings showed that the silencing of SNHG7 improved ejection fraction (EF) and fraction shorteniata (W83. D

presened as mean + SEM; omey ANOVA was used for the statistical analysis. n=12 mice per gooup. ¥ w b !

FyR O2ftl3sy

SELINB&&AZ2Y

oh m -BCRNGAPDASHREAIZEHECE ascal intdrnaldcontrol. Data was presented as mean +-®@j; one

ANOVA was used for the statistical analysis. n=10 mice per giufyestern blotting analysis showing elevation of protein levels of collagen
M | YSRIA i perinfarcted tissue of left ventricle of mice after MI. Data was presented mean + SEMyay&NOVA was used for the

statistical analysis. n=5 mice per groupP%d.05.
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(Figure 5A, 5B). In contrast, the inhibition was fibroblastmyofibroblast transition induced by treatment
recovered by the etransfection of AMQ34-5-p (20 of TGFb1 was di minished by SN
nM). MTT assay was performed to determine cell recovered by ctransfection of AMG34-5p (Figure

viability of cardiac fibroblasts. Compared with the 5F). These data indicated that silencing of SNHG7
TGRb1 treat ment group, i n hicbuldtallewate TGFb 1 SNRHGidceaedtcbdogen
cell viability of cardiac fibroblasts (Figure 5C). fibroblasts (Figure 5).

Knockdown of miR34-5p by AMO-34-5p was found to

reversely increase cell viability of cardiac fibroblasts. In  Forced expression of miR34-5p attenuated cardiac

addition, western blotting analysis also showed that fibrosis induced by myocardial infarction in mice

silencing of SNHG7 suppressed the expression levels of

Col 1U1 -SMA dvhick) could be abolished by The mechanism of miR4-5p in vivo in mice was
treatment with AMG34-5p (Figure 5D). Caell further invesgated. Recombinant ade@ssociated
proliferation and fibroblasmyofibroblast transition virus 9 carrying miR34-5p precursor (AAVOMIR-34-

were dktected to collect further evidence of SNHG7  5p) was initially constructed and injected into mice
effect on fibrogenesis. As shown in Figure 5E, krock  to overexpress the level of miB4-5p. As shown

down of SNHG7 inhibited the TGE 1 i nduciadrigure 6A, administration of AAVSniR-34-5p
proliferation of cardiac fibroblasts. However, -co significantly incrased the expression level of
transfection with AMG34-5p was found to promote the miR-34-5p. Echocardiographic findings showed that
proliferation of cardiac fibroblasts. Moreover, the overexpression of mi34-5p improved the EF and FS in
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Figure 3. IcnRNA SNHG7 acted as a ceRNA and sponged@4+BjiR (A) The predicted binding sites of SNHG7 and-3diRp.

(B) Forced expression of SNHG7 with a SNHG7 expression plasmid inhibited the expressiedd&pniiRcardiac fibroblasts. U6 served as
an internal control. Data was presented as mean + SEMiailexl t test was used for the statistical analysis. n=5 independent cell cultures.
(O Knockdown of SNHG?7 by its siRNA increased the expression®#-6pRn cardiac fibroblasts. U6 served as an internal control. Data was
presented mean + SEM; twailed t test was used for the statistical analysis. n=5 independent cell cultuB¢Kriockdown of SNHG7
increased the expression of m@&-5p in normal mice. U6 served as an internal control. Data was presented mean + SEddyolOVA
was used for the statistal analysis. n=6 mice per groug) SNHG7 binds to miBd-5p and inhibits its activity. Cardiac fibroblasts were co
transfected with the miRB4-5p sensor and SNHG7 ofSBIHG7 and its corresponding scrambled form, and luciferase activity was detected.
Daa was presented as mean + SEM; -ov&y ANOVA was used for the statistical analysis. n=5 independent cell culfgr&ariac
fibroblasts were cdransfected with the miRB4-5p sensor and miR4-5p or SNHG7 and its corresponding scrambled form, anelasé
activity was determined. Data was presented as mean + SEMyapeANOVA was used for the statistical analysis. n=5 independent cell
cultures. **P<0.05.
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presence or absence of mB2-5p mimics. Scale bars represented>80. (F) Representative images of immunofluorescence staining showing

that forced expresion of SNHGihduced fibroblasimyofibroblast transition. Scale bars represent5. **P<0.05.
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mice with Ml (Figure 6B, 6C). In addition, qRPCR further explore the role of ROCK1 #e target gene of
analysis demonstrated t hat mR3tbpargeartia fibroblasts. dhe resDlbsholvétithat a n d
Col 3U1 1l evels i nduced by NMR-348eminics deanchseditlietexprssidn pf ROCGKE
administration of AAVImMIiR-34-5p (Figure 6D). and transfection of AME4-5p significantly elevated
Western blotting analysis revealed that forced expression the protein expression level of ROCK1 (Figure 7C, 7D).

of mMR345p reduced protein | elnaeadddion oweste@uotting Janalgsis dndiddted that

SMA which were increased in mice with Ml (Figure 6E). overexpression of ROCK1 increased the protein
expression | ev-8MAsanddhe eff€asl 1

miR-34-5p played cardioprotective role via targeting were diminished by forced expression of RER5p

ROCK1 (Figure 7E). Fibroblastnyofibroblast transition was

also detected (Figar7F), and miR34-5p was found to
Targetscan database was utilized to further detect the diminish the promotive effect of ROCK1 on fibroblast
target gene of miB4-5p, and it was fouh that there myofibroblast transition of cardiac fibroblasts. These
are perfect binding sitesof m®-5p on t he 3 &atarsBggested that the afittrosis function of miR34-
ROCK1 gene sequence (Figure 7A). Subsequently, 5p was mediated by targeting ROCK1 signaling
luciferase reporter assay was used to examine the pathway (Figrre 7).
interaction between mi34-5p and ROCK1. As shown

in Figure 7B, miR34-5p, which had no et on the DISCUSSION

vector carrying mutated binding site (ROCKLL),

inhibited the activity of wildtype ROCK1 (ROCK1 The cardiac fibrosis is characterized by proliferation of
WT) luciferase reporter vector (Figure 7B). Lasfs cardiac fibroblasts as well as overexpression and

function and gairof-function approaches were utilize to secretion of collagens which lead to net accumulation of

Figure 6. Overexpression of miB-5p aneliorated cardiac fibrosis in the mice after M) Intravenous injection of AAVGIR

34-5p via tail increased miB4-5p expression in normal mice, as measured by-BBR; GAPDH served as an internal control, and-AAV9
scramble served as a negative control. Data was presented as mean * SEfijeivb test was used for the statistical analysis. n=5
independent cell culturesB( O Four weeks after MI, echocardiograplimaging showed that the overexpression of 8#5p improved

ejection fraction (EF) and fraction shortening (FS). Data was presentedass+ SEM; orneay ANOVA was used for the statistical analysis.

n=12 mice per groupD) gRTPCR analysis showingathAAVImIiR34-5p injection reversed the uplB 3 dzf G A2y 2F O2f t | ISy
ohm AY alL YAOST D!/'t51 Ywb! & Scbla@b&seivel aslayadditignal 8digol: Data @ yrasbided as meéay R !
+ SEM; onavay ANOVA was used foretistatistical analysis. n=6 mice pergrols ( t N2 G SAy § S @S {SHA veie méagufedl ISy
by western blot; GAPDH served as an internal control. Data was presented as mean + S, ANOVA was used for the statistical
analysis. n=6 mice perayp. **P<0.05.

Www.agingus.com 10448 AGING



