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Abstract. The interaction between junctophilin-2 (JPH2) and ryanodine receptor type 2 (RyR2) 
regulated Ca2+ signaling in mouse cardiomyocytes. However, their exact interaction remains unclear. 
This study elucidates the interaction between JPH2 with RyR2 using co-immunoprecipitation of 
cardiac sarcoplasmic reticulum vesicles. Additionally, a glutathione S-transferase (GST) pull-down 
analysis was performed to investigate the physical interaction between RyR2 and JPH2 fragments. 
JPH2 interacted with RyR2 and the C terminus of the JPH2 protein can pull-down RyR2 receptors. 
Confocal immunofluorescence imaging indicated that the majority of JPH2 and RyR2 proteins 
were colocalized near Z-lines in isolated mouse cardiomyocytes. Knockdown of JPH2 reduced the 
amplitude of Ca2+ transients and disrupted its interaction with RyR2. Therefore, the C-terminus 
domain of JPH2 is required for interactions with RyR2 in mouse cardiomyocytes, which provides 
a molecular mechanism for seeking Ca2+-related disease prevention strategies.
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Introduction

Ryanodine receptors (RyRs) are mediate Ca2+ release chan-
nels from stores of intracellular Ca2+, such as endoplasmic 
reticulum (ER) or sarcoplasmic reticulum (SR) (Nabauer 
et al. 1989; Dulhunty 1992; Rios et al. 1992; Giannini et al. 
1995). RyR1 is expressed in skeletal muscle, whereas RyR2 
is predominantly expressed in cardiac muscle, and RyR3 
is ubiquitously expressed in parotid acinar cells, the cen-
tral nervous system, and skeletal muscle (Dulhunty 1992; 
Rios et al. 1992; Giannini et al. 1995). In striated muscle, 
membrane depolarization activates the voltage-gated Ca2+ 
channels (VGCC) in the plasma membrane (PM) inducing 
a great Ca2+ release from the SR via RyR1 and RyR2, and 

subsequently inducing a muscle contraction (Dulhunty 1992; 
Rios et al. 1992). The Ca2+-induced Ca2+ release in car-
diomyocytes occurs mainly in the diad, a system of tubules 
distributed around the myofibrils, and is associated with the 
formation of T-tubules, invaginations of the PM, which are 
closely juxtaposed with a single terminal cistern of the ER/
SR (Dulhunty 1992; Rios et al. 1992; Franzini-Armstrong 
2009). Junctophilins (JPHs) interact with VGCC and RyRs 
to regulate Ca2+ homoeostasis and help induce excitation-
contraction coupling in muscles (Lee et al. 2006; Woo et al. 
2008, 2009; Golini et al. 2011).

JPHs belong to a family of junctional membrane complexes. 
They are located between the PM and ER membranes to facili-
tate contact between the two membranes in all excitable cells 
(Takeshima et al. 2000). Skeletal muscles express both JHP1 and 
JPH2; cardiac muscles only express JPH2; while JPH3 and JPH4 
are mainly expressed across various components of the central 
nervous system (Takeshima et al. 2000; Garbino et al. 2009). 
All JPHs contain eight membrane occupation and recognition 
nexus (MORN) domains, which are able to interact with the 
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PM, and are followed by an α-helical region, a divergent region, 
and include C-terminal domain anchoring proteins that are 
located in the ER/SR (Takeshima et al. 2000, 2015). In mice, 
JPH2 knockout is lethal in the embryonic phase, which is at-
tributed to heart failure (HF) that is caused by the decoupling 
of the excitation-contraction in the muscles. Therefore, JPH2 is 
essential for the functional crosstalk between VGCC and RyR2 
for proper functioning of the embryonic heart (Takeshima et 
al. 2000). As JPH2 was downregulated in cases of cardiomyo-
pathy and HF, it was found that subsequent induction of the 
overexpression of JPH2 corrected cardiac function in mice 
with early stage HF. The overexpression inhibited SR Ca2+ 
leaks induced by RyR2 (Landstrom et al. 2011; Reynolds et al. 
2016). Quantitative single-molecule localization microscopy 
also indicated that colocalization between RyR2 and JPH2 in 
JPH2 knockdown cardiomyocytes was reduced. In contrast, in 
cases of induced overexpression of JPH2 in cardiomyocytes, 
RyR2 colocalized with JPH2 at significantly increased levels 
(Munro et al. 2016). However, the binding domain between 
JPH2 and RyR2 channels has not been fully elucidated. 

In the present study, we sought to further examine the 
molecular regulation of RyR2 channels by the JPH2 in mouse 
cardiomyocytes and determine whether interaction sites 
were localized to the C-terminus of JPH2 proteins.

Methods

Animals

We used 3-month-old mature C57BL/6 mice of both sexes 
obtained from Beijing Weitong Lihua Experimental Animal 
Technology, Limited, China (No. SCXK Jing 2012-0001). 
Ethics for animal care followed guidelines from the Commit-
tee on the Ethics of Animal Experiments of the University of 
Zhengzhou, China (No. SYXK-2010-0001). Procedures for 
experimental use of animals followed guidelines from the 
National Institutes of Health and Institution. All mice were 
group housed on 12 h light/dark cycles with food and water 
available ad libitum.

Plasmids construction

Three glutathione S-transferase (GST)-JPH2 fragment plas-
mids GST-JPH2-N1 (aa1–253), GST-JPH2-N2 (aa216–350), 
and GST-JPH2-C (aa340–696) were subcloned into the 
pGEX-4T-1 vector and the accuracy of the plasmids was 
verified as previously described (Fan et al. 2018). 

Cardiac SR membrane vesicles isolation 

Cardiac SR membrane vesicles were isolated by differen-
tial centrifugation, as previously described (Schilling and 

Lindenmayer 1984; Lee et al. 2004). All mice were anes-
thetized with sodium pentobarbital (50 mg/kg, intraperi-
toneal injection) and euthanized by thoracotomy. Whole 
hearts were removed by careful dissection and stored 
at −80°C. The hearts were minced and homogenized in 
a cold lysis buffer containing 0.25 M sucrose, 10 M Tris-
HCl (pH 7.0), and 1 mM EDTA. Individual homogenates 
were centrifuged at 5,000 × g for 10 min. The supernatant 
was removed, and samples were centrifuged at 40,000 
× g for 45 min. The resultant pellet that was representative 
of the SR vesicles was suspended in 0.6 M KCl solution 
and centrifuged at 40,000 × g for 45 min. The pellet was 
suspended in cold lysis buffer and stored at −80°C until 
further use. 

Co-immunoprecipitation

We examined the interaction between JPH2 and RyR2 
in SR vesicles using co-immunoprecipitation assays. The 
solubilized proteins from SR vesicle lysis of the infected 
adult mouse myocardium were incubated with anti-JPH2 
(cat. no. PRS4919; Sigma-Aldrich, St. Louis, MS, USA) or 
anti-RyR2 antibodies (cat. no. MA3-916; Thermo Fisher 
Scientific, Waltham, MA, USA) at 4°C overnight, followed 
by incubation with protein A/G sepharose (Santa Cruz Bio-
technology, Dallas, TX, USA) for 6 h at 4°C. Next, the beads 
were washed for 10 min with washing buffer, collected after 
each wash, and resuspended in the SR vesicle sample buffer 
by boiling for 5 min. Extracted precipitated proteins were 
used for SDS-PAGE and Western blot analysis.

GST pull-down assays

Construction of the GST-JPH2 fragment plasmids and im-
plementation of GST pull-down assays were performed in 
our previous study (Fan et al. 2018). Briefly, plasmids were 
transformed into E. coli BL-21 (DE3) and were introduced 
into samples using 0.1 mM isopropyl-β-D-thiogalactoside 
at 20°C with 40 rpm overnight. The resultant immobilized 
GST, GST-JPH2-N1, GST-JPH2-N2, and GST-JPH2-C were 
incubated with the protein samples prepared from SR vesi-
cles at 4°C overnight. The pulldown complexes were eluted 
using the elution buffer as part of the PierceTM GST Pro-
tein Interaction Pull-Down Kit (Thermo Fisher Scientific, 
Waltham, MA, USA). The eluted products were boiled for 
5 min at 95°C and analyzed by Western blot.

Single cardiomyocyte isolation 

Single cardiomyocyte samples were prepared as described 
in a previous study (Fan et al. 2018). After the anesthesia 
and subsequent euthanized, whole hearts from adult mice 
were rapidly dissected and washed with ice-cold Ca2+-free 

file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;
file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;
file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;


135Junctophilin-2 interacts with RyR2 channel

modified Tyrode’s solution (140 mM NaCl, 5.4 mM KCl, 
1 mM MgCl2, 10 mM HEPES, and 10 mM glucose at pH 
7.4). Each heart sample was cannulated and mounted onto 
a  Langendorff perfusion system, perfused with a  fresh 
enzyme solution (collagenase type  II and protease) for 
35 min, and then subjected to a high K+ solution (120 mM 
potassium glutamate, 20 mM KCl, 1 mM MgCl2, 0.3 mM 
EGTA, 10 mM glucose, and 10 mM HEPES; adjusted to pH 
7.4 with KOH) for 5 min. Single atrial and ventricular cells 
were isolated and kept within the high K+ solution before 
we performed immunocytochemistry and measurements of 
the Ca2+ transients.

Immunocytochemistry

Single atrial and ventricular cells were fixed in 4% paraform-
aldehyde for 30 min, treated with 0.4% Triton X-100 for 
15 min, washed, and incubated with anti-RyR2 antibody or 
anti-JPH2 antibody at 4°C overnight. Cells were incubated 
with FITC-conjugated goat anti-mouse antibody (Jackson 
ImmunoResearch, West Grove, PA, USA) or incubated with 
TRITC-conjugated goat anti-rabbit antibody (Jackson Im-
munoResearch) for 1 h. An Olympus FV1000 confocal laser 
scanning microscope (Shinjuku City, Tokyo, Japan) was used 
to visualize fluorescence signals. 

JPH2 knockdown by RNA interference

Oligonucleotides encoding shRNA (GTATGGTGATCTT-
GCTGAA), and the negative control shRNA (TTCTC-
CGAACGTGTCACGT) used in our study, were previously 
successfully constructed. We applied a total dose of 1×109 
PFU adenovirus with control siRNA and JPH2 siRNA into 
the mice, as previously described Fan et al. (2018). At the 
end of the experiment, all mice were anesthetized and the 
hearts were removed.

To determine quantitative levels of JPH2 and RyR2 mRNA 
expression, total RNA was isolated from the infected myo-
cardium using Trizol (Thermo Fisher Scientific) and was 
analyzed using real-time PCR as previously described (Mu 
et al. 2014). The PCR primers used to detect the expression 
levels of JPH2, RyR2, and GAPDH are listed in Table  1. 
Each primer set was designed and synthesized by Shanghai 
GeneChem Biotechnology (Shanghai, China). The relative 
gene expression levels of JPH2 and RyR2 were normalized 
to those of GAPDH mRNA expression levels were calculated 
using the 2–ΔΔCt method.

To determine the expression levels of JPH2 and RyR2 
proteins, infected mouse myocardium samples were lysed in 
RIPA buffer. Total protein concentrations were determined 
using a BCA kit (Thermo Fisher Scientific, Waltham, MA, 
USA). Precipitated proteins were analyzed using Western 
blotting.

We applied co-immunoprecipitation in adult mouse 
myocardium infected with a  vector and small interfering 
RNA (Ad-NC-siRNA and Ad-JPH2-siRNA). The expression 
of RyR2 channels in the immunoprecipitation complex was 
detected by Western blotting.

Ca2+ transient measurements

The mice were transfected with the adenovirus vector 
through specific siJPH2 tail vein injection (Ad-siJPH2). 
Infected adult cardiomyocytes were incubated with 
2 μmol/l fura-2 for 30 min at 37°C, and then washed twice 
with Tyrode’s solution containing 1.8 mmol/l CaCl2. We 
stimulated cells at 1.0 Hz using field stimulation to evoke 
Ca2+ transients. Intracellular Ca2+ levels were determined 
by calculating the 340/380 nm ratio of fura-2 fluorescence 
excited at 510 nm using an IonOptix photometry system 
(PMT-300, USA). The SR-based calcium content in the 
cells was determined using 10 mM caffeine. Data were 
collected and analyzed using SignalAverager Software 
IonWizard 6.6 (IonOptix), with all parameters set to 
manufacture defaults. 

Statistical analysis

Data are expressed as the mean ± standard error of the 
mean (SEM). Differences between the treatment groups 
were evaluated using one-way ANOVA followed by paired 
or unpaired Student’s t-tests, as appropriate. Differences 
were considered significant when the p values were < 0.05.

Results

JPH2 associates with RyR2 receptors in the cardiac mem-
brane SR vesicles

Solubilized proteins from SR vesicles were immunopre-
cipitated using the anti-RyR2 antibody and subsequently 
immunoblotted using the anti-JPH2 antibody, and RyR2 
was observed to selectively bind to endogenous JPH2 in 
the SR vesicles (Fig. 1A, left). Similarly, in the reverse co-

Table 1. Primers used to amplify JPH2, RyR2 and GAPDH

Gene Primer sequences

JPH2
Forward 5’-CTGGCTATCCATTTGTTCACCT-3’
Reverse 5’-GTTTTAGGTCCGAAGTCCCAT-3’

RyR2
Forward 5’-GAATTCATCATGGATACTCTACC-3’
Reverse 5’-GTCATGCACATTATCTTCTGCAT-3’

GAPDH  
Forward 5’-GGTTGTCTCCTGCGACTTCA-3’
Reverse 5’-TGGTCCAGGGTTTCTTACTCC-3’
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immunoprecipitation experiments using the anti-RyR2 
antibody (Fig. 1A, right), the JPH2 protein specifically bound 
to RyR2, whereas no specific immunoreaction was observed 
using an unrelated antibody (Fig. 1A, left and right panels). 
These results imply a specific interaction between JPH2 and 
RyR2 in the native cardiac tissue.

We further observed JPH2 selectively bound to RyR2. 
As shown in Figure 1B, JPH2-C (aa340–696 containing 
the C-terminal region of JPH2) selectively bound to RyR2. 
However, GST alone, GST-JPH2-N1, and GST-JPH2-N2 did 
not interact with RyR2. Our data indicated that the JPH2-C 
domain contains the majority of the binding sites for the 
RyR2 receptor in vitro, suggesting that this is a preliminary 
structural requirement for JPH2 to link to RyR2.

Colocalization of JPH2 and RyR2 in adult mouse cardio-
myocytes

To determine whether JPH2 and RyR2 proteins were colocal-
ized in cardiomyocytes, we performed immunofluorescence 
staining of isolated mouse cardiomyocytes. Figures 2A and 
2B indicate that JPH2 and RyR2 maintained the same pat-
terns of striation in single isolated cardiac cells, even in areas 
where Z-lines were present in the ventricular myocytes (Fig. 
2B), or areas with Z-tubules in the atrial myocytes (Fig. 2A). 
Results from controls, in which staining with the secondary 
antibodies were used, indicated that co-localization of JPH2 
and RyR2 in cardiomyocytes was a valid result (Fig. 2C). 

Knockdown of JPH2 disrupts its interaction with RyR2 

After transfection with the adenovirus vector through specific 
siJPH2 tail vein injection (Ad-siJPH2), the levels of JPH2 mRNA 
(Fig. 3A) and proteins (Fig. 3C,D) in the adult mouse myocar-
dium were significantly suppressed compared with the control 
groups (Ad-NC). However, the knockdown of JPH2 did not 
alter the mRNA (Fig. 3B) or protein (Fig. 3E,F) levels of RyR2. 

To examine whether knockdown of JPH2 disrupted the 
binding between the JPH2 and RyR2 proteins, we applied co-
immunoprecipitation in infected adult mouse myocardium, 
and observed the expression of RyR2 channels. Figure 4A and 
4B shows that compared with the negative control myocar-
dium, the expression of the RyR2 channels pulled down by 
JPH2 was significantly decreased in the mouse myocardium 
infected with Ad-siJPH2. These results suggest that JPH2 
knockdown may affect its binding to RyR2 channels.

Knockdown of JPH2 depresses intracellular Ca2+ transients

To test whether JPH2 modulated RyR2 receptor function, we 
used the approach of RNA-based interference and recorded 

Figure 1. Interaction between JPH2 and RyR2 in isolated cardiac 
sarcoplasmic reticulum (SR) membrane vesicles. A. SR vesicles 
were solubilized and subjected to immunoprecipitation (IP) with 
antibodies to RyR2 or JPH2. The soluble proteins extracted from 
cardiac SR vesicles were used as positive control, and Ctrl-N was 
negative control using a non-immobilized gel. B. Purified GST or 
GST-JPH2 fragment fusion proteins containing GST-JPH2-N1, 
GST-JPH2-N2 and GST-JPH2-C were immobilized and detected 
with anti-RyR2 antibody using GST pull down assay. 

A

B

Figure 2. Co-localization of JPH2 and RyR2 in mouse cardiomyocytes. Immunofluorescent staining showed dual immunolabelling of 
JPH2 (red) with RyR2 (green) in single isolated atrial (A) and ventricular (B) myocytes. C. Negative control experiments were performed 
with the secondary antibodies in atria myocytes. Scale bars, 10 μm. For color figure, see online manuscript.

A

C

B

file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;
file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;
file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;
file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;
file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;
file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;
file:///D:/DTP/GPB/Gen_phys2_22/dodane/4089-21330_Luo/javascript:;


137Junctophilin-2 interacts with RyR2 channel

levels of intracellular Ca2+ transients. Typical recordings of 
intracellular Ca2+ transients in infected cardiomyocytes are 
revealed in Figure 5A. The amplitude of Ca2+ transients was 
significantly decreased in the treatment of cells transfected with 
JPH2 siRNA (0.33 ± 0.02, n = 36) compared with the control 
cells (0.52 ± 0.16, n = 36, p < 0.05) (Fig. 5C). The resting calcium 
levels were unchanged in the cardiac myocytes infected with 
Ad-siJPH2 compared with the control cells (1.15 ± 0.26 vs. 
1.19 ± 0.24, p = 0.30, n = 30) (Fig. 5B). We further investigated 
whether JPH2 knockdown interfered with the function of the 
RyR2 receptor. Similar results demonstrated that the amplitude 
of Ca2+ transients was significantly decreased in the Ad-siJPH2 
treatment group compared with the control group, where we 
used 10 mmol/l caffeine in the cell suspension (0.51 ± 0.02 vs. 
0.87 ± 0.03, n = 32, p < 0.05) (Fig. 5D).

Discussion

JPH2 is the cardiac isoform of the junctophilin family and 
acts as a molecular bridge for signal transduction by anchor-

ing the PM and ER/SR membrane systems (Takeshima et al. 
2000). In the present study, mouse cardiac SR membrane 
vesicles were isolated by differential separation, and specific 
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Figure 3. Knockdown of JPH2 did not 
change the expression of RyR2. A. The 
bar graphs show significant decrease in 
JPH2 mRNA of myocardium infected 
by adenovirus vector with specific JPH2 
siRNA (Ad-JPH2-siRNA), compared 
with control groups. B. The bar graphs 
show RyR2 mRNA did not change in 
myocardium with different treatments. 
C. Western blotting analysis of JPH2 
expression in different treatments. 
D. The bar graphs show significant 
downregulation of JPH2 protein ex-
pression after infection of JPH2 siRNA. 
E. A  representative Western blotting 
analysis showing RyR2 expression in 
myocardium with different treatments. 
F. The bar graphs show no significant 
change of RyR2 mRNA expression after 
infection of JPH2 siRNA. Error bars 
represent ± SEM; * p < 0.05 vs. control 
group; Student’s t-test.

Figure 4. JPH2 knockdown decrease its binding with RyR2 chan-
nel. A. Protein immunoprecipitated (IP) with JPH2 antibody from 
adult mouse myocardium infected with Ad-NC-siRNA and Ad-
JPH2-siRNA was detected by Western blot using RyR2 antibody. 
B. Relative protein level of RyR2 channel. ** p < 0.01.
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anti-JPH2 and anti-RyR2 antibodies recognized JPH2 and 
RyR2 in the SR vesicles.

JPH2 has previously been suggested to interact with 
RyR2 and Cav1.2, to regulate their gating channel func-
tions (van Oort et al. 2011; Li et al. 2013). Previous ob-
servations suggested that both JPH2 and RyR2 labeling 
puncta strongly overlapped, and that the amount of 
JPH2 associated with RyR2 clusters was greatly reduced 
after JPH2 manual knockdown (Jayasinghe et al. 2012; 
Munro et al. 2016). In the present study, the results of 
co-immunoprecipitation assays suggested that RyR2 in-
teracted with JPH2 proteins in SR vesicles, and confocal 
immunofluorescence imaging analysis suggested that the 
majority of both JPH2 and RyR2 proteins were colocal-
ized near Z-lines in adult mouse cardiomyocytes. Thus, 
we provided further evidence that JPH2, a member of the 
JMC family of proteins found in cardiomyocytes, interacts 
with RyR2 receptors.

Previous research has predicted that JPHs have a short 
C-terminal domain that is important for anchoring proteins 
into the ER/SR, as well as repeated N-terminal MORN 
domains that are able to interact with the PM, thereby 
causing a  junctional association of these two membrane 
systems (Takeshima et al. 2000). Results from a  related 
study indicated that the N-terminal domain of JPH2 is 

responsible for the physical and functional interaction 
with the small-conductance Ca2+-activated K+ channel 
subtype 2 (SK2) in the PM (Fan et al. 2018). We found that 
the region of JPH2 (aa340-696) interacted with RyR2 in 
mouse cardiomyocytes. Recent reports have suggested that 
the N-terminal region of JPH2 (aa1–565) interacted with 
RyR2 and Cav1.2, but does not interact with the C termi-
nus region of JPH2 (aa566–end), indicating that it was not 
sufficient to restore Ca2+ transients in JPH2 knockdown 
cardiomyocytes (Guo et al. 2015). Based on the different 
cleavage products found in the study, we concluded that the 
overlapping region 340–565 may contain the determinants 
for the binding between JPH2 and RyR2. In another study, 
Beavers et al. (2013) found that the E169K mutation in 
JPH2 specifically disrupts its binding domain with RyR2 
due to perturbed Ca2+ handling, indicating that residue 
E169 within a crucial domain of JPH2 modulates the RyR2 
channel. The E169 residue in JPH2 is located in a flexible 
“joining domain” between two MORN domains, which 
attaches JPH2 to the sarcolemma (Takeshima et al. 2000; 
Garbino et al. 2009). 

Recent studies have also demonstrated that the cardiac-
specific knockdown of JPH2 triggers an SR Ca2+ leak by 
directly increasing the probability of open RyR2 recep-
tors in cardiomyocytes (van Oort et al. 2011; Beavers et 

Figure 5. Knockdown of JPH2 depresses Ca2+ transient in mouse cardiomyocytes. A. The curves of the Ca2+ transient of fura-2 loaded 
adult mouse cardiac myocytes. The black curve represents the negative control (Ad-NC), the blue curve is cells transfected by adenovirus 
vector with specific JPH2 siRNA (Ad-siJPH2). B. The bar graphs of resting fura-2 ratio in Ad-siJPH2 infected mouse cardiac myocytes 
(n = 30 per group). C. The bar graphs of the amplitude of the [Ca2+]i transient in Ad-siJPH2 infected mouse cardiac myocytes (n = 36 per 
group). D. The bar graphs of Ca2+ transients elicited by application of 10 mM caffeine (n = 32 per group). Error bars represent ± SEM; 
* p < 0.05 vs. control group; Student’s t‐test.
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al. 2013; Munro et al. 2016). Moreover, downregulation 
of JPH2 has been observed in patients with hypertrophic 
cardiomyopathy. In some rodent-based model analyses of 
hypertrophic  cardiomyopathy, overexpression of JPH2, 
which could correct cardiac function with early stage HF, is 
used to inhibit SR Ca2+ leaks induced by RyR2 (Landstrom 
et al. 2011; Reynolds et al. 2016). Thus, these results suggest 
that JPH2 modulates intracellular Ca2+ handling through 
the regulation of RyR2. In the present study, we further 
confirmed that siRNA-based knockdown of JPH2 resulted 
in reduced amplitudes of Ca2+ transients in cardiomyocytes, 
but the respective levels of RyR2 mRNA and proteins showed 
no significant change in our reports. This result is consistent 
with previous findings from similar analyses by the authors 
of this study and others (van Oort et al. 2011; Beavers et al. 
2013; Munro et al. 2016; Fan et al. 2018). It was likely a result 
of decreasing levels of SR Ca2+ stores, which resulted in a SR 
Ca2+ leak by directly increasing the probability that RyR2 
receptors would be open. 

To summarize, our data confirm that JPH2 plays a criti-
cal role in regulating intracellular calcium levels by binding 
to, and modulating, RyR2 through its C-terminal domain. 
Nevertheless, further research is warranted to unequivocally 
evaluate the specific mechanisms by which JPH2 proteins 
influence RyR2 channel function in vivo. This would be use-
ful to determine the direct link between aberrant ion channel 
function and cardiac arrhythmias.

In conclusion, we provide more insights into the possible 
functional regulation of RyR2 channels by the JPH2 protein 
and prove that the interaction sites were localized to the 
C-terminus of JPH2 proteins. This consequently plays an 
important role in maintaining intracellular calcium homeo-
stasis and excitation-contraction coupling, which provides 
a  molecular mechanism for seeking Ca2+-related disease 
prevention strategies.
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