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a b s t r a c t

Poly(C)-binding proteins (PCBPs) are known as RNA-binding proteins that interact in a sequence-specific
fashion with single-stranded poly(C). This family can be divided into two groups: hnRNP K and PCBP1-4.
PCBPs are expressed broadly in human and mouse tissues and all members of the PCBP family are related
evolutionarily. However, their physiological or pathological functions in the hearts remain unknown.
Here we reported that PCBP2 is an anti-hypertrophic factor by inhibiting GPR56 mRNA stability. We
found the downregulation of PCBP2 in human failing hearts and mouse hypertrophic hearts. PCBP2
knockdown promoted angiotensin II (Ang II)-induced hypertrophy (increase in cell size, protein synthesis
and activation of fetal genes) of neonatal cardiomyocytes and H9C2 cells, while PCBP2 overexpression
obtained oppose effects. Furthermore, PCBP2 was shown to inhibit GPR56 expression by promoting its
mRNA degeneration in cardiomyocytes. Finally, we knocked down GPR56 in cardiomyocytes and found
that GPR56 promoted Ang II-induced cardiomyocyte hypertrophy and it contributed to PCBP2 effects on
cardiomyocyte hypertrophy.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Heart failure is now one of the leading causes of morbidity and
mortality worldwide. Heart failure is featured by systolic-diastolic
dysfunction and remodeling of the myocardium. Cardiac hyper-
trophy is one of the fundamental pathological feature of heart
failure [1]. In the general population, one in 500 suffers cardiac
hypertrophy. For the reason that the overwhelming major
mammalian cardiomyocytes fail to divide soon after birth, hyper-
trophy is the only way for them to response to the increased
workload [2]. Hypertension, myocardial ischemia and neurohu-
moral activation can lead to pathological hypertrophy. During car-
diac hypertrophy, not only the cell size of cardiomyocytes is
increased, but the sarcomeres are also added and reorganized [3].
Moreover, a group of genes that are usually expressed during fetal
heart development are re-expressed. These changes may be
compensatory initially to manage the increased workload on the
heart. However, sustained hypertrophy results in congestive heart
failure and sudden death due to arrhythmias [4]. Clinical
cic Surgery, Xinhua Hospital,
65 Kongjiang Road, Shanghai
therapeutic strategy for treatment of cardiac hypertrophy and
failure remains limited, which prompts us to have better under-
standing of the underlying mechanism of cardiac hypertrophy and
failure.

PCBP2 is a member of the poly(C)-binding protein (PCBP) family,
which plays an important role in posttranscriptional and trans-
lational regulation by interacting with single-stranded poly(C)
motifs in target mRNAs [5]. Most of the reports on PCBP2 have
focused on its posttranscriptional and translational controls in RNA
viruses [6,7]. Recent findings have implicated that PCBP2may be an
orchestrator of tumor development [8e10]. PCBP2 also expresses
during myocardial development [11], indicating its important role
in the heart.

GPR56 (G protein-coupled receptor 56, or TM7XN1) is one
member of the G protein-coupled receptor (GPR) family that
ubiquitously expresses in mammal tissues. Previous reports show
that GPR56 critically participates in carcinogenesis [12e14], and
rostral cerebellar development [15e18]. Two recent works
demonstrated that GPR56 is a regulator for mechanical overload-
induced muscle hypertrophy and infusion [19,20], implicating
that GPR56 may also participate in hypertrophy of cardiomyocytes.

Herein we identified PCBP2 and GPR56 as critical regulators for
hypertrophy of cardiomyocytes. PCBP2 is down-regulated during
hypertrophy in vivo and in vitro. PCBP2 inhibits while GPR56
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promotes Ang II-induced hypertrophic responses in car-
diomyocytes. We discover that PCBP2 decreases GRP56 level by
regulating the stability of its mRNA, and GRP56 may account for
PCBP2 effects on cardiomyocyte hypertrophy.

2. Materials and methods

2.1. Human samples

Human heart samples were obtained from the cardiac trans-
plant program of Xinhua Hospital, Shanghai Jiao Tong University
School of Medicine (Shanghai, China). Informed consent was ob-
tained from all patients involved in this study. All procedures were
approved by the Institutional Review Board of Shanghai Jiao Tong
University School of Medicine. Control samples were obtained
intraoperatively from non-failing hearts undergoing ventricular
corrective surgery or from donor dysfunctional hearts. Failing heart
specimens were obtained from diseased hearts that were removed
during orthotopic heart transplantation.

2.2. Pathological hypertrophy by transaortic constriction (TAC)

Pressure overload hypertrophy was induced by TAC of the
ascending aorta of 8~10 weeks old male C57BL/6 mice, as described
elsewhere [21].

2.3. Primary cultures of neonatal rat cardiomyocyte (NRCM),
transfection/infection

Primary neonatal rat cardiomyocytes (NRCMs) were prepared in
according to the following protocol. Briefly, PBS containing 0.03%
trypsin and 0.04% collagenase type II was used to isolate car-
diomyocytes from 1- to 2-day-old SpragueeDawley rats. NRCMs
were seeded at culture plates coated with gelatin in plating me-
dium consisting of DMEM/F12 medium supplemented with 10%
fetal calf serum, 0.1 mM BrdU and penicillin/streptomycin. After
48 h, the culture mediumwas replaced with serum-free DMEM/F12
for another 24 h prior to treatment with angiotensin II (Ang II,1 mM)
isoproterenol (ISO, 10 mM) or phenylephrine (PE, 100 mM).

To knockdown PCBP2 or GPR56 expression, three rat shPCBP2 or
shGPR56 constructs were obtained from SABiosciences. Ad-sh-Ctrl
was the non-targeting control. To overexpress PCBP2, the entire
coding region of the human PCBP2 gene, under control of the
cytomegalovirus (CMV) promoter, was encompassed by
replication-defective adenoviral vectors. A similar adenoviral vec-
tor encoding the green fluorescent protein gene was used as a
control. NCRMswere infectedwith adenovirus in dilutedmedia at a
multiplicity of infection (MOI) of 100 for 24 h. The sequences of rat
PCBP2- or GPR56-targeted shRNAs were listed in supplementary
table 1.

2.4. Western blot

Fresh heart tissues and cardiomyocyteswere lysedwith cell lysis
buffer (Beyotime). 40 mg total proteins were subjected to
SDSepolyacrylamide gel. After electrophoresis, the proteins were
transferred to PVDF membranes, followed by blocking in 5% milk.
The membranes were then probed with indicated antibodies
overnight, and then washed and incubated with HRP-conjugated
secondary antibodies (Beyotime) for 1.5 h and finally visualized
using Chemiluminescent ECL reagent (Vigorous Biotechnology).
The following antibodies were used: Anti-GAPDH (Cell Signaling
Technology), anti-PCBP2 (Abcam), anti-Nppa (Santa), anti-Myh7
(Sigma), anti-GPR56 (Abcam).
2.5. Quantitative real-time PCR (q-PCR)

Total RNA was extracted from fresh hearts and cardiomyocytes
with TRIzol and cDNA was synthesized from 1 mg of RNA with One
Step RT-PCR Kit (TaKaRa). q-PCR was performed using the SYBR
Green (TaKaRa) detection method on an ABI-7500 RT-PCR system
(Applied Biosystems). The primers used were listed in
supplementary table 2.

2.6. Luciferase assay

For luciferase assay, NRCMswere seeded onto 24-well plates at a
density of 1�105 per well. 24 h later, either Ad-sh-Ctrl or Ad-sh-
PCBP2 with Ad-Nppa-Luc/Myh7-Luc was co-infected into car-
diomyocytes. After 24 h of Ang II (1uM) treatment, the cells were
harvested, washed three timeswith PBS and lysed in 100ml passive
lysis buffer (Roche) in according to the guidance. Cell debris was
removed by centrifugation, and the supernatant was used for the
luciferase assay with a Single-Mode SpectraMax Microplate Read-
erempty vector.

2.7. Quantitative analysis of cardiomyocyte size

For determining the cross-sectional area of NRCMs and H9C2
cells, the cells were stainedwith a-actinin antibody (Sigma). Briefly,
cardiomyocytes were stimulated with 1 mM Ang II for 48 h after
infection with different adenoviruses for 24 h. The cells were then
fixed with 4% formaldehyde in PBS for 15 min at room temperature,
permeabilized with 0.1% PBST (Triton X-100 in PBS) for 40 min and
stained with aa-actinin (1:100 dilution) using standard immuno-
fluorescence staining techniques. Finally, the nucleus was stained
with Hoechst (Sigma). The images were obtained by confocal mi-
croscopy (Leica). The surface area was quantified using Image J
software (NIH).

2.8. GPR56 mRNA degeneration assay

NRCMs cells were infected with the control Ad-sh-Ctrl, Ad-sh-
PCBP2, Ad-Ctrl or Ad-PCBP2 adenoviruses. After 48 h, actinomycin
D (Sigma, 5 mg/ml) was added. Total RNA was collected at 0, 2, 4, 6
and 8 h after actinomycin D treatment. q-PCR was performed to
evaluate the mRNA level of GPR56.

2.9. Statistical analysis

All values are expressed as the mean ± SEM. All experiments
were repeated at least three times. Statistical differences between
two groups were determined using Student's t test. Two-way
analysis of variance (ANOVA) with general linear model pro-
cedures using a univariate approach was applied for more than two
groups. P values of less than 0.05 were considered statistically
significant.

3. Results

3.1. PCBP2 is downregulated upon hypertrophic stress

The role of the RNA-binding protein PCBP2 in cardiovascular
system remains unknown, which prompted us to investigate the
pathological role of PCBP2 in cardiovascular system. We found here
that PCBP2 was down-regulated upon hypertrophic stress. We first
showed the downregulation of PCBP2 mRNA and protein levels in
human failing (or hypertrophic) hearts compared to normal non-
failing (or non-hypertrophic) hearts (Fig. 1AeB). We then per-
formed TAC surgery in C57Bl/6 mouse to induce pressure overload-



Fig. 1. PCBP2 expression is downregulated by hypertrophic stress. (A) Relative mRNA levels of Nppa, Myh7 and PCBP2 in non-failing (NF) normal human hearts or failing human
hearts (HF). N ¼ 5 in each group. **p < 0.01 and ***p < 0.001. (B) Protein levels of Nppa, Mhy7 and PCBP2 in NF and HF hearts. (C) Relative mRNA levels of Nppa, Myh7 and PCBP2 in
mouse hearts undergoing sham or TAC surgery for four weeks. N ¼ 5 in each group. **p < 0.01 and ***p < 0.001. (D) Protein levels of Nppa, Myh7 and PCBP2 in mouse hearts
undergoing sham or TAC surgery for four weeks. (E) Relative mRNA levels of Nppa and PCBP2 in neonatal rat cardiomyocytes (NRCMs) treated with 10 mM ISO, 100 mM PE or 1 mM
Ang II for 48 h. The experiments were repeated for three times. **p < 0.01 vs. PBS. (F) Protein levels of Nppa, Myh7 and PCBP2 in NRCMs treated with 10 mM ISO, 100 mM PE or 1 mM
Ang II for 48 h.
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mediated cardiac hypertrophy, and found that PCBP2 mRNA and
protein levels were also down-regulated in the hearts of these mice
compared to that of mice undergoing sham surgery (Fig. 1CeD). We
wondered whether the down-regulation of PCBP2 level occurred in
cardiomyocytes, therefore we isolated neonatal rat cardiomyocytes
(NRCMs) and treated the cells with angiotensin II (Ang II, 1 mM)
isoproterenol (ISO, 10 mM) or phenylephrine (PE, 100 mM) to induce
hypertrophy. The results showed that both mRNA and protein
levels were decreased in cardiomyocytes by hypertrophic stress
(Fig.1EeF). Similar results were found in the rat cardiomyoblast cell
line H9C2 cells (data not shown). These findings implicate that
PCBP2 may participate in cardiomyocyte hypertrophy.
3.2. PCBP2 inhibits Ang II-induced cardiomyocyte hypertrophy

Since PCBP2 was down-regulated in cardiomyocytes and hearts
under hypertrophic stress, we proposed that PCBP2may participate
in hypertrophy of cardiomyocyte. Therefore, we investigated
whether PCBP2 regulates hypertrophy in NRCMs and H9C2 cells.
We first generated three adenovirus-mediated short hairpin RNAs
targeting rat PCBP2 (Fig. 2A), and the first one was chosen for
further study because of its high knockdown effect. We infected
NRCMs with Ad-sh-Ctrl or Ad-sh-PCBP2 and followed by Ang II
treatment. The results showed that PCBP2 knockdown significantly
promoted Ang II-induced increase in cardiomyocyte size (Fig. 2B).
We tested the hypertrophic fetal genes and found that PCBP2
knockdown could also facilitate Ang II-induced expression of Nppa,
Myh7 and Nppb (Fig. 2C). Ang II induced protein synthesis in
NRCMs, which was enhanced by PCBP2 knockdown (Fig. 2D).
Similar effects of PCBP2 knockdown on cardiomyocyte hypertro-
phy, expression of fetal genes and protein synthesis were observed
in H9C2 cells (Supplementary Fig. 1AeC). We then studied the ef-
fects of PCBP2 knockdown on the activity of the promoters of hy-
pertrophic genes. To this end, luciferase reporter assay was
performed in NRCMs. In consistent with the above findings, PCBP2
knockdown promoted Ang II-induced activation of Myh7 and Nppb
promoters (Fig. 2EeF). These results indicated that PCBP2 nega-
tively regulated hypertrophy of cardiomyocytes. To further make
this conclusion more solid, we overexpressed human PCBP2 in
NRCMs (Supplementary Fig. 2A) and studied the effects of PCBP2
overexpression on hypertrophy, fetal gene expression and protein
synthesis. The results showed that PCBP2 overexpression inhibited
hypertrophic growth, fetal gene expression and protein synthesis in
NRCMs (Fig. 2G and Supplementary Fig. 2BeC). Taken together,
these findings demonstrated that PCBP2 inhibited Ang II-induced
hypertrophy of cardiomyocytes.
3.3. PCBP2 promotes the degeneration of GPR56 mRNA in
cardiomyocytes

We next wanted to investigate the underlying mechanism by
which PCBP2 regulated cardiomyocyte hypertrophy. PCBP2 is a
well-known RNA-binding protein. In a previous work, Han et al. [8]
identified 35 mRNA targets of PCBP2 in glioma. Among these tar-
gets, GPR56 (G-protein coupled receptor 56) attracted our atten-
tion. The expression of GPR56 is ubiquitous [22]. GPR56 promotes



Fig. 2. PCBP2 inhibits Ang II-induced hypertrophic response of cardiomyocytes (A) Knockdown of PCBP2 with adenovirus mediated short hairpin RNAs in NRCMs. Representative
western blot and quantitative data are shown. (B) PCBP2 knockdown promotes Ang II-induced hypertrophic growth of NRCMs. **p < 0.01 vs. PBS þ Ad-sh-Ctrl; ##p < 0.01 vs. Ang
II þ Ad-sh-Ctrl. (C) PCBP2 knockdown facilitates Ang II-induced expression of hypertrophic fetal genes (Nppa, Nppb, and Myh7) in NRCMs. **p < 0.01 vs. PBS þ Ad-sh-Ctrl;
##p < 0.01 vs. Ang II þ Ad-sh-Ctrl. (D) PCBP2 knockdown enhances Ang II-induced protein synthesis in NRCMs. **p < 0.01 vs. PBS þ Ad-sh-Ctrl; ##p < 0.01 vs. Ang II þ Ad-sh-Ctrl.
(EeF) Luciferase assay showing PCBP2 knockdown promotes Ang II induced Myh7 and Nppa promoter activation in NRCMs. **p < 0.01 vs. PBS þ Ad-sh-Ctrl; ##p < 0.01 vs. Ang
II þ Ad-sh-Ctrl. (G) PCBP2 overexpression inhibits Ang II-induced hypertrophy in NRCMs. **p < 0.01 vs. PBS þ Ad-Ctrl; ##p < 0.01 vs. Ang II þ Ad-Ctrl.

Fig. 3. PCBP2 promotes GPR56 mRNA degeneration in cardiomyocytes (A) PCBP2 re-
duces the protein level of GPR56 in NRCMs. (B) PCBP2 reduces the mRNA level of
GPR56 in NRCMs. **p < 0.01 vs. Ad-sh-Ctrl; ##p < 0.01 vs. Ad-Ctrl. (C) PCBP2 knock-
down delays the degeneration of GPR56 mRNA. **p < 0.01 vs. Ad-sh-Ctrl of the same
time point. (D) PCBP2 overexpression promotes the degeneration of GPR56 mRNA.
*p < 0.05 and **p < 0.01 vs. Ad-Ctrl of the same time point.
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myoblast fusion through SRE-and NFAT-mediated signaling [19],
which is activated during cardiac hypertrophy [23]. Recently,
GPR56 was reported to regulate mechanical overload-induced
muscle hypertrophy [20], strongly implicating the role of GPR56
during hypertrophy of cardiomyocyte. Indeed, our current work has
demonstrated the overexpression of GPR56 during cardiac hyper-
trophy and it acts as a promoter for cardiomyocyte hypertrophy.
Therefore, we studied whether PCBP2 regulates GPR56 in car-
diomyocyte and if so, whether GPR56 contributes to PCBP2 func-
tion in cardiomyocyte during cardiac hypertrophy. In NRCMs, we
found that PCBP2 knockdown increased while PCBP2 over-
expression decreased the protein and mRNA levels of GPR56
(Fig. 3AeB), indicating that GPR56 is regulated by PCBP2 at tran-
scriptional or post-transcriptional level. Several examples existed
in the literature demonstrated that PCBP2 regulate mRNA stability
[8,24,25]. Therefore, we designed an assay to assess the degener-
ation rate of GPR56 mRNA to understand how PCBP2 affects the
mRNA level of GPR56. The results showed that PCBP2 knockdown
significantly slowed the degeneration rate of GPR56 mRNA
(Fig. 3C), while PCBP2 overexpression promoted the degeneration
rate of GPR56 mRNA (Fig. 3D). These findings demonstrated the
notion that PCBP2 inhibits GPR56 mRNA by regulating its degen-
eration rate.

3.4. GRP56 contributes to PCBP2 effects on cardiac hypertrophy

Finally, we asked whether PCBP2-mediated GPR56 down-
regulation contributes to its anti-hypertrophy effects. We knocked
down GPR56 in NRCMs (Fig. 4A), and the first one shRNA for GPR56
targeting was chosen for further investigation. We found that
GPR56 knockdown inhibited Ang II-induced cardiac hypertrophy,
fetal gene expression and protein synthesis as well as promoter
activation of Myh7 and Nppb (Fig. 4BeF). Interestingly, when



Fig. 4. GPR56 contributes to PCBP2 effects on hypertrophy (A) Knockdown of GRP56 with adenovirus mediated short hairpin RNAs in NRCMs. Representative western blot and
quantitative data are shown. (B) Knockdown of GPR56 blocks PCBP2 effects on Ang II induced hypertrophy of NRCMs. **p < 0.01 vs. Ad-sh-Ctrl; ##p < 0.01 vs. Ang II þ Ad-sh-Ctrl;
$$p < 0.01 vs. Ang II þ Ad-sh-PCBP2. (C) Knockdown of GPR56 blocks PCBP2 effects on Ang II induced expression of Nppa. **p < 0.01 vs. Ad-sh-Ctrl; ##p < 0.01 vs. Ang II þ Ad-sh-
Ctrl; $$p < 0.01 vs. Ang II þ Ad-sh-PCBP2. (D) Knockdown of GPR56 blocks PCBP2 effects on protein synthesis in NRCMs. **p < 0.01 vs. Ad-sh-Ctrl; ##p < 0.01 vs. Ang II þ Ad-sh-Ctrl;
$$p < 0.01 vs. Ang II þ Ad-sh-PCBP2. (EeF) Knockdown of GPR56 blocks PCBP2 effects on Ang II induced activation of Myh7 (E) and Nppb (F) promoters. **p < 0.01 vs. Ad-sh-Ctrl;
##p < 0.01 vs. Ang II þ Ad-sh-Ctrl; $$p < 0.01 vs. Ang II þ Ad-sh-PCBP2.
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GPR56 was knocked down, PCBP2 was unable to affect cardiac
hypertrophy, fetal gene expression, protein synthesis, and pro-
moter activation of Myh7 and Nppb upon hypertrophic stress
(Fig. 4BeF). There results demonstrated that GPR56 was a positive
regulator of Ang II-induced cardiomyocyte hypertrophy and GPR56
downregulation contributed to PCBP2 effects on hypertrophy.

4. Discussion

In this work, we identify PCBP2 as a negative factor and GPR56
as a positive factor for hypertrophic growth of cardiomyocytes.
GPR56 acts as a downstream of PCBP2 and contributes to PCBP2
effects during cardiac hypertrophy. We first showed the down-
regulation of PCBP2 in failing human hearts and hypertrophic
mouse hearts as well as in NRCMs treated with hypertrophic ago-
nists. Further, we provided evidence that PCBP2 inhibited Ang II-
induced hypertrophy in NRCMs and H9C2 cells by using loss-of-
function and gain-of-function strategies. Next, we showed that
PCBP2 promoted the degeneration rate of GPR56 mRNA. Finally, we
demonstrated the contribution of GPR56 to Ang II-induced hyper-
trophy and GPR56 is critically essential for PCBP2 functions during
cardiac hypertrophy.

The PCBP family proteins regulate gene expression at various
levels, including transcription, mRNA processing, mRNA stabiliza-
tion, and translation. One of the least studied member, PCBP2,
functions through posttranscriptional and translational controls in
RNAviruses. PCBP2 participates in the replication and translation of
many RNA viruses, including poliovirus [6], coxsackievirus [7], and
rhinovirus [26]. Interestingly, PCBP2 also binds to the 50 UTR [27]
and 30 UTR [28] of the HCV gene. PCBP2 is induced after viral
infection and interacted with MAVS, which shows that PCBP2 is a
negative regulator of MAVS-mediated antiviral signaling [29].
Recent publications reveal that PCBP2 is a regulator for tumor
development [9]. Recently, Han et al. [30] showed that PCBP2
modulated glioma growth by targeting 30-UTR of FHL3 mRNA.

Here we report the roles of PCBP2 in cardiovascular system. We
first found the role of PCBP2 during cardiac hypertrophy. PCBP2
transcriptional level was significantly down-regulated in human
failing hearts, which were coupled with myocardial hypertrophy. In
mousemodel of hypertrophy surgically induced by TAC, the protein
and mRNA levels of PCBP2 was also down-regulated. The down-
regulation of PCBP2 was occurred in the cardiomyocytes, as we
demonstrated that PCBP2 level was inhibited by hypertrophic ag-
onists in NRCMs. Further, we showed the anti-hypertrophic role of
PCBP2 in NRCMs and H9C2 cells. PCBP2 knockdown promoted Ang
II induced increase in cell size, protein synthesis, hypertrophic gene
expression, and promoter activation of Myh7 and Nppb genes.

As PCBP2 is an RNA-binding protein, Han et al. [20] used RIP-
ChIP analysis to fish PCBP2-binding RNAs and they identified
preferentially 35 mRNAs that are associated with PCBP2. Among
these targets, GPR56 is a current reported factor for hypertrophy of
muscle. We currently found that GPR56 was up-regulated during
cardiac hypertrophy in human, mouse and NRCMs. Modulation of
GPR56 could also regulate Ang II-induced hypertrophic growth,
protein synthesis, gene expression in NRCMs. Strictly, we demon-
strated that GPR56 was regulated by PCBP2 at the post-
transcriptional level. PCBP2 inhibited the mRNA stability of
GPR56 in NRCMs. During cardiac hypertrophy, PCBP2 was down-
regulated by unclear mechanism, which slowed the degeneration
of GPR56 mRNA level and thus contributed to cardiac hypertrophy.



Y. Zhang et al. / Biochemical and Biophysical Research Communications 464 (2015) 679e684684
In cultured murine muscle cells anabolic effects of PGC-1a4 are
dependent on GPR56 signaling, because knockdown of GPR56 at-
tenuates PGC-1a4einduced muscle hypertrophy in vitro [20].
Forced expression of GPR56 results in myotube hypertrophy
through the expression of insulin-like growth factor 1, which is
dependent on Ga12/13 signaling [20]. Ga12/13 Mediates a1-
adrenergic receptoreinduced cardiac hypertrophy [31,32]. Activa-
tion of Ga12/13 in cardiomyocytes by the extracellular nucleotides-
stimulated P2Y6 receptor triggers fibrosis in pressure overload-
induced cardiac fibrosis, which works as an upstream mediator of
the signaling pathway between Ang II and TGF-b [31]. These facts
indicate the GPR56 may contribute to cardiomyocyte hypertrophy
by activating Ga12/13 signaling, which remains to be further
confirmed.

In conclusion, we identify a novel signal pathway during cardiac
hypertrophy. PCBP2 is down-regulated by hypertrophic stress,
which results in higher stability of GPR56 mRNA and thus increases
GPR56 level, leading to cardiac hypertrophy. This new notion may
provide new understanding of cardiac hypertrophy and new ther-
apeutic target for treatment.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.bbrc.2015.06.139.

Transparency document

Transparency document related to this article can be found
online at http://dx.doi.org/10.1016/j.bbrc.2015.06.139.
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