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PRELP promotes myocardial fibrosis and ventricular
remodelling after acute myocardial infarction by the
wnt/f—catenin signalling pathway

Yu Zhang, Chunli Fu, Shaohua Zhao, Honglei Jiang, Wei Li, Xiangju Liu

Abstract

Objectives: Proline/arginine-rich end leucine-rich repeat
protein (PRELP) has been reported to contribute to the
remodelling of cardiovascular tissues in the ischaemia—reper-
fusion injury model. However, research is lacking on the role
of PRELP in myocardial fibrosis and ventricular remodelling,
and the mechanism through which PRELP brings about these
changes is not clear. This study aimed to evaluate the role of
PRELP in ventricular remodelling and myocardial fibrosis
following acute myocardial infarction (AMI) and to explore
the underlying mechanism.

Methods: In this study, we established AMI mouse and cell-
culture models in an oxygen—glucose deprivation environment.
Results: We found that over-expression of PRELP increased
the infarct size and interstitial fibrotic area. Expression of the
wnt/B-catenin pathway molecules, which are downstream of
PRELP, increased more in the PRELP over-expression group
than in the AMI group.

Conclusions: Our results showed that PRELP, through the
wnt/B—catenin signalling pathway, led to myocardial fibrosis
and ventricular remodelling following AMI.
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Acute myocardial infarction (AMI), a serious and common
cardiovascular disorder, is the leading cause of heart failure and
sudden death, with increasing incidence worldwide.* Myocardial
fibrosis is an important pathological characteristic linked to
AMI¢ Tt can lead to elevated rigidity, induce myocardial
sclerosis, trigger ventricular remodelling, affect ventricular
compliance and eventually induce heart failure.” Therefore, more
effort should be made to identify the molecular mechanisms of
myocardial fibrosis. This will help provide novel insights into
therapeutic targets and uncover effective strategies to alleviate
myocardial fibrosis and ventricular remodelling following AMI.

The small leucine-rich repeat protein family (SLRR), located
in the extracellular matrix of connective tissue, has been found
to play an important role in myocardial fibrosis and ventricular
remodelling.** There are several members in the SLRRs, such
as biglycan, decorin, lumican and glypican-6. Recent studies
showed that inhibition of biglycan or lumican expression can
reduce myocardial fibrosis."*!" It was also shown that glypican-6
is involved in cardiac remodelling by the extracellular signal-
related kinase (ERK) signalling pathway."

Proline/arginine-rich end leucine-rich repeat protein (PRELP),
which is another member of the SLRRs, can bind to the basement
membranes of connective tissues more easily compared to other
members of the SLRRs, as it contains a positively charged
N-terminus rich in proline and arginine residue.” Javier et al., for
the first time, reported that several members of the small leucine-
rich proteoglycan family, including asporin and PRELP, were
shown to contribute to cardiac remodelling.” However, there
is little research about PRELP’s role in myocardial fibrosis and
ventricular remodelling post AMI.

The mechanism by which PRELP brings about these changes
is also not clear. The wnt signalling pathway is a relatively silent
pathway that regulates important cellular activity such as cell
proliferation, differentiation and apoptosis. B-catenin has been
found to be one of the most important members in the wnt
signalling pathway. The other downstream members of this
pathway are glycogen synthase kinase 3 beta (GSK3p), matrix
metallopeptidase 9 (MMP9), c-myc and tissue inhibitor of
metalloproteinases-1 (TIMP-1).

Previous studies have shown that wnt signalling gets activated
following AMI." Sufficient activation of this signalling pathway
can decrease the infarct size of the heart and alleviate heart
failure, while excess activation can increase myocardial fibrosis
and infarct sizes.'*” A recent research study suggested that
PRELP can regulate the differentiation of osteoblasts by the
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B-catenin pathway.'** Whether PRELP increases myocardial
fibrosis post AMI by the wnt/B-catenin signalling pathway
remains undetermined. In our study, we determined PRELP’s
role in myocardial fibrosis post AMI and the underlying
mechanisms involved in the process.

Methods

Male SD mice, aged eight weeks, were subjected to MI by
ligation of the left anterior descending coronary artery, as
previously described.”’ After the mice were anaesthetised, the
left anterior descending coronary artery was ligated. Mice in
the sham group were also anaesthetised and their hearts were
exposed. However, ligation of the coronary artery was not
performed in this group. PRELP over-expressing lentiviral
vector and PRELP interference-expressed lentiviral vector were
generated by Genechem Corporation (Shanghai, China).

All mice (n = 60) were randomly divided into four groups:
SHAM, MI, MI + PRELP shRNA, and MI + PRELP over
group. In the MI + PRELP over group, mice were injected
with 1 x 10° PRELP over-expressing lentiviral vector in the
myocardium around the ligation point. Additionally, 1 x 10°
PRELP interference-expressed lentiviral vector was injected into
the myocardium around the point of ligation of the mice in the
MI + PRELP shRNA group.

All experimental protocols were carried out in accordance
with guidelines. All procedures were under approval from the
animal care and use committee of Shandong University Qilu
Hospital.

The cardiac fibroblasts were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) with 10% foetal bovine serum, 100
units/ml penicillin and 100 mg/ml streptomycin at 37°C with
95% air and 5% CO,. To identify the fibroblasts, microscopy
and immunofluorescence analysis were used. The cells were also
randomly divided into four groups: SHAM, MI, MI + PRELP
shRNA, and MI + PRELP over group.

To mimic the ischaemic conditions, the cells were cultured
in DMEM without foetal bovine serum (FBS), and with 0.1%
O, for 24 hours. PRELP over-expressing lentiviral vector was
transfected into the cells in the MI + PRELP over group. PRELP
interference-expressed lentiviral vector was transfected into the
cells in the MI + PRELP shRNA group. Transfection efficiency
was assessed by Western blotting, immunohistochemical staining
and real-time polymerase chain reaction (PCR).

The left ventricular internal diameter in diastole and the
left ventricular internal diameter in systole of all the mice were
measured with motion-mode (M-mode) echocardiography. Left
ventricular fractional shortening (LVFS) and left ventricular
ejection fraction (LVEF) were automatically calculated according
to the formula.

The heart tissues and the cells were lysed in RIPA buffer. The
concentration of total proteins for each sample was quantified
using a BCA kit, and 30 pg of each sample was electrophoresed
in SDS-PAGE gel and transferred onto polyvinylidene difluoride
membranes. After blocking with 5% fat-free milk at room
temperature for one hour, the membranes were incubated with
primary antibodies overnight at 4°C on a refrigerator shaker.

All primary antibodies were dissolved in a 5% solution with a
dilution of 1:1 000. Anti-wntl antibody (ab15251), anti-PRELP
antibody (ab229719), anti-GSK3fB antibody (ab93926), anti-

MMOIP antibody (ab228402), anti-B-catenin antibody (ab6302),
anti-c-myc antibody (ab32072) and anti-TIMP-1 antibody
(ab81282) were purchased from Abcam Biotechnology. Anti-
GAPDH antibody (200306-7E4) was purchased from Zen
Bioscience.

Next, the membranes were washed three times at room
temperature. Following the addition of the anti-rabbit (or anti-
mouse, anti-goat) secondary antibodies (1:5 000, A0208, A0216,
A0181, Beyotime), the membranes were incubated for two hours,
followed by three washes at room temperature. Finally, protein
expressions were visualised by an enhanced chemiluminescence
system.

The myocardial tissues were paraffin-embedded, sectioned
and dewaxed. The cardiac fibroblasts were fixed in 4%
paraformaldehyde for 10 minutes, and then treated with 0.5%
Triton X-100 for 10 minutes. Next, they were incubated with
primary antibodies overnight at 4°C. After three phosphate-
buffered saline (PBS) washes, the slices were incubated with
secondary antibodies for 50 minutes at 4°C. This was followed
by three PBS washes. Finally, the sections were counterstained
with haematoxylin to observe the cellular nuclei and were viewed
under a microscope.

The heart was sectioned into 1-mm-thick transverse slices
and stored at -20°C for 20 minutes. The slices were then
incubated with 1% triphenyltetrazolium chloride solution (TTC)
at 37°C. The viable tissues stained red, while the infarcted tissues
appeared pale. The percentage of infarcted area was quantified
using image analysis software (Image-Pro Plus).

The heart tissues were fixed, dehydrated and then sectioned
into 4-um sections. After they were dewaxed, hydrated and
stained with haematoxylin and eosin (HE), and Sirius red (SR),
the slices were dehydrated by gradient ethanol and finally viewed
under a microscope.

The total RNA content was extracted from cells using
Trizol reagent. The RNA was quantified by a Nanodrop
One, and the obtained RNA (0.6 ul) was subjected to reverse-
transcription reaction using the RT reagent kit. Real-time
PCR of ¢cDNA was done using a SYBR Premix Ex Taq kit,
with GAPDH as the internal control. The primer sequences
of PRELP were CTTCTGGTTCCTTCCACTTCTC (forward)
and GGCCTTGGCTTGGGTTTA (reverse), and the primer
sequences of GAPDH were GGGAAACCCATCACCATCTT
(forward) and CCAGTAGACTCCACGACATACT (reverse).
Results were calculated based on the 2¢™** method.

Statistical analysis

The experimental data for the three separate experiments are
represented as mean *standard deviation (SD). SPSS 23.0 was
used for statistical analyses; p-values < 0.05 were considered
statistically significant. The #-test was used to compare the data
between the two groups.

Results

As shown in Fig. 1, the ELISA assay, Western blotting and
immunohistochemical staining analysis showed that the PRELP
expression in the myocardial tissues was upregulated following
AMI compared to that in the control mice. The PRELP
expression in the myocardial tissues was upregulated in PRELP
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PRELP expression was upregulated in myocardial tissue and cardiac fibroblasts post MI. The PRELP protein levels in the

myocardial tissues from mice were assessed using ELISA (A), Western blot (B and C) and immunohistochemical staining
analysis (D). C. Quantification result from B. The PRELP protein levels in the fibroblasts were assessed using Western blot
(E and F) and quantitative real-time PCR assays (G). F. Quantification result from E. *p < 0.05, **p < 0.01, ***p < 0.001 versus
the control group; *p < 0.05; #p < 0.01; #*p < 0.001 versus the MI group.

over-expression groups compared to that in the MI mice, and
that of the sh-PRELP group was down-regulated compared to
that in the M1 mice.

The Western blot and quantitative real-time PCR analysis
also showed that the PRELP expression in the cardiac fibroblasts
was increased post MI compared to the control cells. The
PRELP expression in the cardiac fibroblasts was upregulated in
the PRELP over-expression groups compared to that in the MI
groups, and that of the sh-PRELP group was down-regulated
compared to that in the MI groups.

Echocardiography results showed that over-expression of
PRELP reduced cardiac function following AMI, as assessed
by the significantly decreased percentages of LVFS and LVEF,
compared to the MI mice group. On the contrary, in the
sh-PRELP groups, there was a significant increase in both LVFS
and LVEF of the heart following AMI, compared to the MI
mice group (Fig. 2A, B). The results indicate that PRELP can
promote cardiac dysfunction following AMI. Over-expression
of PRELP significantly increased the infarct size of the heart

compared to the MI groups, and in the sh-PRELP groups, there
was a significant decrease in infarct size of the heart following
AMLI, as assessed by TTC staining (Fig. 2C, 2D).

These findings showed that PRELP increased adverse
myocardial fibrosis and collagen deposition after AMI. HE and
SR staining revealed a clear increase in infarct size, interstitial
fibrotic area, and collagen accumulation in PRELP over-
expression groups following MI. In contrast, in the sh-PRELP
groups, there was a significant decrease in the infarct size
and interstitial fibrotic area compared to the MI group and
fibroblasts (Fig. 2E-G), indicating that PRELP can increase
collagen deposition, promote adverse myocardial fibrosis and
lead to ventricular re-modelling, which can cause heart failure
post MIL.

Next, we investigated the effect of PRELP on activation of
the wnt/B—catenin signalling pathway. As is already known, the
downstream members of this pathway are B-catenin, GSK3,
MMP9, c-myc and TIMP-1. In our experiments, we used
Western blotting and immunohistochemical staining analysis to
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Fig. 2. PRELP increased the infarct size and myocardial fibrosis promoted cardiac dysfunction after MI. A. Representative echo-
cardiographic M-mode images of left ventricles from SHAM, MI, Ml + PRELP shRNA and MI + PRELP over groups. B.
Echocardiographic measurement of LVEF and LVFS in mice in the four groups. C and D. Representative images of heart

sections stained with TTC from mice in the four groups; the infarct size (white area) was measured and shown as a percent-
age of the total section area of the left ventricular myocardium. E-G. Representative images of heart sections stained with
haematoxylin and eosin (E) and Sirius red (F and G); F was for myocardial tissues and G was for fibroblasts in the four

groups.

detect the expression levels of the above proteins of the wnt/B—
catenin signalling pathway.

Western blotting and immunohistochemical staining analysis
showed that the expression levels of wntl, GSK33, MMP9,
B-catenin, c-myc and TIMP-1 in the myocardial tissues and
fibroblasts were more increased in PRELP over-expression
groups than in the MI groups (Fig. 3). The expression levels
of the above proteins in the sh-PRELP groups were decreased
compared to the MI groups, indicating that PRELP increased
the infarct size and promoted myocardial fibrosis and ventricular
re-modelling following MI through the wnt/B—catenin signalling
pathway in vivo and in vitro.

Discussion

In our study, we investigated the role of PRELP in ventricular
re-modelling and myocardial fibrosis post AMI and explored
the underlying mechanism through which PRELP brings about

these changes. In our experiments, over-expression of PRELP
increased the infarct size and myocardial fibrosis, and decreased
the LVFS and LVEF of the heart, compared to the MI groups.
By contrast, in the sh-PRELP group, there was a decrease in the
infarct size and myocardial fibrosis, and an increase in LVFS and
LVEF of the heart, compared to the MI groups.

The results indicate that PRELP increased the infarct area
and myocardial fibrosis and reduced the cardiac function post
MI. The expression of wntl, GSK33, MMP9, B-catenin, c-myc
and TIMP-1 was greater in the group with over-expression of
PRELP than in the MI groups, both in vivo and in vitro. The
expression of these proteins in sh-PRELP groups was lower than
that in the MI groups. The results indicate that PRELP takes
part in myocardial fibrosis and ventricular re-modelling post
AMI through the wnt/B—catenin signalling pathway.

Several previous studies have shown that other members of
the SLRR family such as biglycan, glypican-6 and lumican take
part in myocardial fibrosis and ventricular re-modelling.'*'2222
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Fig. 3. PRELP promoted myocardial fibrosis and cardiac dysfunction after Ml on the wnt/f—catenin signalling pathway. A and B. The

expression levels of wnt1, GSK3p3, MMP9, B-catenin, c-myc and TIMP-1 in myocardial tissues were detected using Western
blotting; GAPDH was used as a loading control in these experiments. Data are shown as mean + SEM. C and D. The
expression levels of wnt1, GSK33, MMP9, B-catenin, c-myc and TIMP-1 in fibroblasts were detected using Western blotting;
GAPDH was used as a loading control in these experiments. Data are shown as mean + SEM. E-G. The expression levels
of GSK3B, wnt1 and B-catenin in fibroblasts were detected using immunohistochemical staining analysis. *p < 0.05, **p <
0.01, ***p < 0.001 versus the control group; *» < 0.05; *p < 0.01; **#p < 0.001 versus the MI group.

Javier et al. reported, for the first time, that several members
of the small leucine-rich proteoglycan family, including asporin
and PRELP, contribute to cardiac re-modelling.** Bengtsson
et al. showed that PRELP was an important regulator of cell
adhesion, due to the positively charged N-terminal region in its
chemical structure.”** Fibroblasts can adhere to PRELP and
that can be inhibited by heparin.** However, little research on
PRELP’s role in myocardial fibrosis and ventricular re-modelling
following AMI has been done.

Our study determined the role of PRELP in myocardial
fibrosis and re-modelling post AMI. Li et al. reported PRELP
promotes osteoblastic differentiation via the B-catenin/connexin
43 pathway, and B-catenin acts as a hub gene in the PRELP
gene network.® Some studies showed that expression of the wnt
pathway increased following AMI, and appropriate activation
of the wnt pathway can decrease the infarct size of the heart
and alleviate heart failure, while excess activation can lead to

myocardial fibrosis.'*!” Other studies also noted that the wnt/p—
catenin signalling pathway is involved in myocardial fibrosis post
MI.7-*" However, there was no research until now that looked at
PRELP’s role in myocardial fibrosis through the wnt/B-catenin
signalling pathway post AMI.

Conclusion

Our study has shown for the first time that PRELP takes part
in cardiac myofibrosis and ventricular re-modelling following
AMI through the wnt/B-catenin signalling pathway. It further
identified the cardiac fibrotic molecular mechanisms, provided
novel insights into therapeutic targets and uncovered effective
strategies to alleviate myocardial fibrosis after AMI.

This study was supported by Natural Science Foundation of Shandong
Province (ZR2017MH122).
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