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1. Abstract

Notwithstanding previous studies have proved
the anti-apoptotic effect of Bcl-2 associated athanogene3
(BAG3) in myocardium, the structural domains PXXP and
BAG responsible for its protection are not reformed. Since
BAG3 in cardiomyocytes is a new target for inhibiting
apoptosis induced by hypoxia/reoxygenation (H/R) stress,

we demonstrated that over-expression of BAG3 reduced
the injury induced by H/R in either neonatal or adult rat
cardiomyocytes (NRCMs and ARCMs, respectively) and
PXXP and BAG domains play an important role in cellu-
lar protection in H/R stress. Apoptosis in cardiomyocytes
induced by hypoxia-reperfusion was evaluated with pro-
pidium iodide (PI) staining, cleaved caspase-3, and termi-
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nal deoxynucleotidyl transferase dUTP nick end labelling
(TUNEL) staining in cultured NRCMS. Either increasing
expression of BAG3 or its mutants was performed to ma-
nipulate the level of BAG3. Co-immunoprecipitation (Co-
IP) was used to demonstrate the complex that BAG3 is
binding to HSC70 and JNK. PXXP and BAG domains of
BAG3 played an essential role in BAG3 attenuating car-
diomyocytes apoptosis induced by H/R through the JNK
signalling pathway. The cellular protection of BAG3 with
its structural domain PXXP or BAG is associated with the
binding with HSC70 and JNK. These results showed that
the protective effect of BAG3 on apoptosis induced by H/R
stress is closely related to its structural domains PXXP and
BAG. The mechanism may provide a new therapeutic strat-
egy for the patients suffering from ischemic cardiomyopa-
thy and may be a critical role of its PXXP and BAG3 do-
mains.

2. Introduction

Cardiac ischemia can be intermittent and life-
saving revascularisation is necessary, reperfusion that af-
fected muscle could be from further muscle damage, which
is an ischemia/reperfusion (I/R) injury [1] that is a major
cause of mortality and disability worldwide [2]. Thus, it is
necessary to protect cardiomyocytes against both ischemic
and I/R injury to limit the size of the original myocardial in-
farction, cardiac apoptosis, and preserve cardiac function.

Bcl-2 associated athanogene3 (BAG3) is a mem-
ber of the chaperone BAG family [3] and is prominently
expressed in cardiac and skeletal muscle tissues [4]. BAG3
variation causes family cardiac disease [5, 6] and over-
expression of BAG3 preserves the cardiac contractile func-
tion in animal study [7–9] through improving intracellular
Ca2+ homeostasis [10], nevertheless, the protective poten-
tial of BAG3 is not yet fully elucidated. c-jun N-terminal
kinase (JNK) is activated during I/R and participates in the
onset of the apoptosis programme [11, 12]. Inhibition of
JNK protects the ischemia/reperfusion (I/R) injury to the
heart in rats [13, 14]. BAG3 works as a member of an evo-
lutionarily conserved family of molecular co-chaperones
[15] that interact with chaperones of the HSP family, in-
cluding HSP70, to modulate their function [16]. Although
recent studies identified that loss-of-function mutations in
co-chaperone BAG3 destabilise small HSPs and cause car-
diomyopathy [17], suggesting that the v domain of BAG3
is critical for its function, there are multiple structural do-
mains in BAG3. The anti-apoptotic effect of BAG3 has
been found in various cell lines, the structural domain of
BAG3 involved in apoptosis of cardiomyocytes is rarely re-
ported although BAG domains seem to be responsible for
its anti-apoptotic effect [9]. Our groups have reported that
the PXXP domain is critical for H9C2 cellular protection
of BAG3 by disrupting its interaction with HSC70 [18]. In
addition to the PXXP domain, BAG3 contains a conserved

WW domain, a BAG region, two IPV motifs, and two 14-
3-3 binding motifs [18]. The WW domain of BAG3 is re-
quired for the induction of autophagy in glioma cells [19]
while the proline-rich centre of BAG3 (PXXP) is one of the
putative caspase cleavage sites responsible for the caspase-
mediated apoptosis in cancer cells [20] and cell adhesion
and mobility [21].

Since JNK signalling has been displayed in cel-
lular injuries induced by hypoxia-reperfusion [22–24] and
participated in BAG3 cellular function in cell death and cell
proliferation [25–27], the present study explores the pos-
sible effects of PXXP and BAG domains of BAG3 on its
cellular protection and to determine if JNK signalling is
involved in its constructive protection of BAG3 using the
cultured neonatal or adult rat cardiomyocytes (NRCMs and
ARCMs, respectively) under H/R stress.

3. Material and methods

3.1 Animals

Neonatal (1-3 day) and adult SD rats were pur-
chased from Animal Centre of Nantong University. The
study was approved by The Board of Nantong University
Animal Care and Use.

3.2 Cell culture

Rat cardiomyocytes were isolated as previously
described [28, 29]. NRCMs were isolated by pancre-
atin digestion and cultured in the DMEM/F-12 complete
medium containing 10% foetal bovine serum, 100 U/mL
penicillin-streptomycin solution and 0.1 mmol/L 5-bromo-
2’-deoxyuridine for three days before passaging. ARCMs
were isolated by Langendorff perfusion, Type II collage-
nase digestion, and cultured in the serum-free Medium199
with 100 U/mL penicillin-streptomycin solution for 2-4 h
before passaging.

3.3 Hypoxia-reoxygenation (H/R)

Cells were cultured with a serum-free medium af-
ter pre-treatment such as drug stimulation for 8–12 h, and
then exposure to an oxygen-deficient environment with hu-
mid 5% CO2 and 95% N2 for 16 h (NRCMs) or 6 h (AR-
CMs) followed by reoxygenation with 5% CO2 and 95%
humid air for 8 h (NRCMs) or 3 h (ARCMs). The normaxia
control group was placed in a 5% CO2 and 95% humid air
atmosphere for 24 h (NRCMs) or 9 h (ARCMs).

3.4 Quantitative PCR (qPCR)

RNA levels of BAG3 in NCRMs were quantified
by qPCR. The total RNA of cultured cardiomyocytes was
extracted according to protocol of TRIZOL Reagent (WI).
Step-one Real-Time PCR System (CA) was used to am-
plified cDNA. Primer sequences of BAG3 (Accession No.
293524) were 5’-GAGGTCCCAGTCTCCTTT-3’ (sense)
and 5’-GACGGAGACTGAGATCGC-3’ (anti-sense), re-
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Fig. 1. H/R decreased both mRNA and protein levels of BAG3 in NRCMs (A, B) and ARCMs (C). (A) H/R decreased the mRNA levels of BAG3
compared to normoxia conditions (***P< 0.001). (B, C) Up panel: A representative image. Cell lysates were immunoblotted for BAG3. GAPDH served
as a protein loading control. Down panel: Average data, expressed as mean± S.E. *P < 0.05 (n = 3).

spectively. The temperature curve was established as fol-
lows: 95 ◦C for 10 min, 40 cycles at 95 ◦C denaturation
for 15 s, then annealing at 60 ◦C for 1 min. The level of
glyceraldehyde-3-phosphate dehydrogenase (GAPD) was
employed as RNA content loading control. Data were anal-
ysed by the ∆CT-method (2−∆∆CT ).

3.5 Construction of adenovirus

BAG3shRNA-Ad was constructed as previously
described [30]. An RNAi-ready pSIREN-DNR vector was
set with a dsDNA oligonucleotide targeting specific BAG3
mRNA. After ligation, the shRNA expression box was
transferred to the adenovirus receptor vector pLP-Adeno-
X-PRLS DNA (BD-Adeno-X Expression System 2), which
contains the ∆E1/∆E3 Ad5 genome. Adenovirus was
transmitted in HEK-293 cell line, purified according to
standard technology and titred (plaque forming unit; PFU).

Full-length BAG3 (Ad-FLAG-BAG3-WT), mu-
tations of BAG3 (Ad-FLAG-BAG3-∆PXXP, Ad-FLAG-
BAG3-∆BAG) encoded BAG3 proteins lacked PXXP and
BAG3 domains, respectively and the negative adenovirus
(Ad-FLAG-EGFP) used as a control were constructed by
Shanghai Genechem Co., Ltd.

3.6 Transfection of adenovirus

Cardiomyocytes were transfected with Aden-
ovirus by 100 MOI (multiplicity of infection) in an En-
hanced Infection Solution for 10–12 h. Cells were then fed
with culture medium for 36–72 h.

3.7 Propidium iodide assay

Propidium iodide (PI) assay was used to quantify
the death of cardiomyocytes with propidium iodide (C0080,
Solarbio, China). Cardiomyocytes were rinsed with PBS
after H/R treatment and incubated with Hoechst H33342

(B8040, Solarbio, China) for 15–30 min at ◦C for cell
counting. The cells were then rinsed three times with PBS
and incubated with PI for 20–30 min at 37 ◦C for dead cell
counting. A Leica fluorescence microscope was used to
capture the images.

3.8 TUNEL assay

TUNEL staining was used to quantify the apop-
tosis of cardiomyocytes with the TUNEL kit. Cardiomy-
ocytes were rinsed with PBS after H/R treatment and fixed
with the blocking solution for 5–15 min at the room temper-
ature followed by permeabilisation with 0.3–0.5% by vol-
ume of triton-X-100 for 5–10 min at 4 ◦C. Cells were incu-
bated in TUNEL reaction mixture for 60 min at 37 ◦C in the
dark, then incubated with Hoechst H33342 for 5–15 min at
room temperature in the dark. Entry software was used to
capture the images.

3.9 Western blots

NP40 lysis Buffer was used to extract the total
proteins from the cultured cardiomyocytes. Protein sam-
ple were separated on 6–15% SDS PAGE gels and trans-
ferred to the NC or PVDF membranes for 90 min followed
by blocking for 2 h in the TBST with 5% non-fat dry milk.
The membranes were incubated overnight at 4 ◦C with the
primary antibody, then incubated with secondary antibody
generated in rabbit or mouse for 2 h at room temperature in
the dark. LI-COR Odyssey was used to detect the images
of immunoblots.

3.10 Co-immunoprecipitation (CO-IP)

RIPA lysis buffer was used to extract the total pro-
teins from the cardiomyocytes, 1000 µg was necessary.
Leaving a small amount of protein lysates (40–60 µg) for
Western blot assay and adding 1 µg corresponding antibody
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Fig. 2. Over-expression of BAG3 protects the cellular apoptosis induced by H/R in NRCMs. (A) A representative image. Cell lysates were im-
munoblotted for BAG3. GAPDH served as a protein loading control. (B) Transfected with Ad-BAG3 increased protein levels of BAG3 compared to
GFP, control groups (***P < 0.001). (C) Representative confocal microscopic images (NRCMs) of TUNEL assay. (D) H/R enhanced the TUNEL
positive cells compared to normoxia conditions (***P < 0.001), over-expression of BAG3 suppressed TUNEL positive cells compared to control group
in the H/R conditions (#P< 0.05). (E) Results of PI assay in NRCMs: H/R enhanced PI positive cells compared to normoxia conditions (***P< 0.001),
over-expression of BAG3 suppressed PI positive cells compared to the control group in H/R conditions (##P < 0.01). Average data, expressed as mean
± S.E. (n = 3).

to the remaining cell lysates followed by shaking slowly
at 4 ◦C for incubation overnight. Take 10 µL protein A
agarose beads, we washed them with an appropriate buffer
three times and they were centrifuged at 3000 rpm for three
minutes. The pre-treated 10 µL protein A agarose beads
were added to the protein lysates containing antibody and
slowly shaken at 4 ◦C for 2 to 3 h to couple the antibody
with the protein A agarose beads. After the immunoprecip-
itation reaction, the agarose beads were centrifuged at 3000
rpm at 4 ◦C for 3 min, the supernatant was removed by suc-
tion, and the agarose beads were washed three or four times
with lysis buffer. SDS buffer was added and boiled for 5
min at 95 ◦C.

3.11 Statistical analysis

The grey value of the results of Western blot as-
say was analysed by Image J (National Institutes of Health,
USA). GraphPad Prism6 was used for statistical analysis
(Inc., San Diego, CA, USA).

4. Results

4.1 H/R decreases the expression of BAG3 mRNA and
protein in NRCMs

To determine the effects of H/R on BAG3 induc-
tion, NRCMs were cultured under H/R or normoxia con-
ditions as a control. q-PCR and Western blot analysis re-
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Fig. 3. Transfection of shBAG3 changes levels of both apoptosis-associated proteins in ARCMs. (A) A representative image. Cell lysates were
immunoblotted for BAG3, Bcl-2, and BAX. GAPDH served as a protein loading control. (B) Cells transfected with shBAG3 decreased protein levels of
BAG3 compared to GFP (*P < 0.05). (C) Cells transfected with shBAG3 decreased protein levels of Bcl-2 compared with GFP (*P < 0.05). (D) Cells
transfected with shBAG3 increased protein levels of BAX compared to GFP (*P < 0.05). Average data, expressed as mean ± S.E. (n = 3).

vealed that both mRNA and protein levels of BAG3 in
the H/R group were decreased compared with that in the
normoxia group (Fig. 1A,B). Similar results pertaining to
BAG3 protein levels in ARCMs are shown in Fig. 1C.

4.2 Over-expression of BAG3 protects the cellular
apoptosis induced by H/R in either cultured NRCMs
or ARCMs

To investigate the protective effect of over-
expression of BAG3, PI and TUNEL staining were used
to detect the apoptosis of rat cardiomyocytes induced by
hypoxia-reoxygenation respectively. As expected, over-
expression of BAG3 by adenovirus vector containing
rat BAG3 was evinced by western blot assay shown in
Fig. 2A,B. TUNEL assay showed that the TUNEL pos-
itive nuclei cell counts were significantly enhanced by

H/R stress, over-expression of BAG3 reduced the posi-
tive rate in H/R compared with the vehicle group in NR-
CMs (Fig. 2C,D). PI assay indicated that over-expression
of BAG3 suppressed the death rate in H/R compared with
vehicle group in NRCMs as shown in Fig. 2E.

4.3 Knocking-down of BAG3 in ARCMs changed the
level of apoptosis-associated proteins

In order to identify the effects of decreased expres-
sion of BAG3, ARCMs were transfected with adenovirus
vector containing sh-BAG3 adenovirus or GFP (negative
adenovirus) as a control. Western blot analysis indicated
that knocking down BAG3 in cardiomyocytes changed the
level of apoptosis proteins BAX and Bcl-2 as shown in
Fig. 3.
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Fig. 4. Enforced expression of BAG3-WT or its four mutants in NRCMs. (A) The full length of human BAG3. (B) A representative image. Cell
lysates were immunoblotted for BAG3, FLAG-tag. GAPDH served as a protein loading control. (C) Cells transfected with BAG3-∆PXXP, BAG3-
∆BAG, and BAG3-WT increased the flag expression compared tothat in cells transfected with Adeno-flag (*P< 0.05, **P< 0.01, ***P< 0.001). (D)
Cells transfected with BAG3-∆PXXP, BAG3-∆BAG, and BAG3-WT increased BAG3 expression compared to that in those transfected with Adeno-flag
(*P < 0.05, **P < 0.05, ***P < 0.001). Average data, expressed as mean ± S.E. (n = 3).

4.4 PXXP and BAG domains of BAG3 are critical for
BAG3 attenuating NRCs apoptosis induced by H/R

The full-length BAG3 contains multiple func-
tional domains (PXXP and BAG) as shown in Fig. 4A. To
determine role of a certain domain in cellular protection,
either BAG3-WT, BAG3-∆PXXP, or BAG3-∆BAG were
transfected into NRCs. The levels of BAG3-WT, and its
PXXP or BAG domain mutants are increased as evinced
by Western blotting with anti-BAG3 and anti-Flag anti-
body (Fig. 4B), respectively. Compared with the vehicle
group, levels of BAG3 and its PXXP or BAG mutant over
endogenous BAG3 were comparable (Fig. 4C,D). To ex-
plore the roles of PXXP and BAG domains of BAG3 in
cellular apoptosis, cells transfected with adenovirus were
cultured under H/R or normoxia conditions. To charac-
terise cell death, PI assay showed that the PI positive nu-
clei cells were significantly enhanced in H/R stress that

was suppressed by over-expression of BAG3-WT and its
mutants (Fig. 5). The protection was weakened in the ab-
sence of PXXP or BAG domain (Fig. 5). As shown in
Fig. 6, the level of cleaved Caspase-3in H/R group was
significantly higher than that in the normoxia group, sug-
gesting that H/R stress induced cellular apoptosis. More
importantly, over-expression of BAG3-WT and its mu-
tants efficiently suppressed the cleaved Caspase-3 level
as induced by H/R stress. The TUNEL assay was em-
ployed to confirm the anti-apoptotic effects of BAG3. The
amount of TUNEL positive nuclei in the vehicle group un-
der H/R group was significantly higher than that in the
normal group. Over-expression of BAG3-WT and its mu-
tants efficiently reduced the levels of TUNEL positive nu-
clei in H/R compared with the vehicle group (Fig. 7), the
protection of BAG3-WT was diminished in an absence of
PXXP domain or BAG domain. Overall, it is suggested that
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Fig. 5. Either PXXP or the BAG domain of BAG3 is necessary for cell protection. (A) Representative confocal microscopic images. (B) H/R stress
enhanced PI positive cells compared to normoxia conditions (***P< 0.001), over-expression of BAG3-∆PXXP, BAG3-∆BAG, and BAG3-WT suppress
PI positive cells compared to the Adeno-flag group in H/R conditions (#P< 0.05, ##P< 0.05, ###P< 0.001), absence of PXXP or BAG domain of BAG3
weakens the protective effect compared to that in the BAG3-WT group (+P < 0.05, ++P < 0.01). Average data, expressed as mean ± S.E. (n = 3).

Fig. 6. Over-expression of BAG3-WT and its mutants attenuates the cleaved Caspase-3 induced by H/R in NRCMs. (A) Representative images. (B)
H/R stress increased the expression of cleaved-caspase3 compared to normoxia conditions (***P < 0.001), over-expression of BAG3-∆PXXP, BAG3-
∆BAG, and BAG3-WT suppress the expression of cleaved caspase3 compared to that in the Adeno-flag group in H/R conditions (##P < 0.01, ###P <

0.001); absence of PXXP or the BAG domain of BAG3 weakens the suppressiveeffect compared to that in the BAG3-WT group (+P< 0.05, +P< 0.05).
Average data, expressed as mean ± S.E. (n = 3).

over-expression of BAG3-WT and its mutants attenuate the
apoptosis of NRCMs induced by H/R and that either PXXP
or the BAG domain of BAG3 is critical for cellular protec-
tion of BAG3.

4.5 BAG3 and its mutants attenuate the apoptotic of
NRCs induced by H/R through the JNK signalling
pathway

To define whether, or not PXXP and BAG do-
mains of BAG3 protect cardiomyocytes apoptosis induced
by H/R and had any correlation with the activity of MAPK
members, levels of JNK, ERK, and p38 phosphorylation
were evaluated by Western blot assay. While there was no
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Fig. 7. PXXP or the BAG domain of BAG3 is responsible for BAG3 attenuating cardiomyocytes apoptosis induced by H/R in NRCMs. (A)
Representative confocal microscopic images. (B) H/R stress enhanced the TUNEL positive cells compared to normoxia conditions (***P < 0.001),
over-expression of BAG3-∆PXXP, BAG3-∆BAG, and BAG3-WT suppress TUNEL positive cells compared to the Adeno-flag group in H/R conditions
(#P< 0.05, ##P< 0.05, ###P< 0.001), absence of PXXP or the BAG domain of BAG3 weakens the protective effect compared to that in the BAG3-WT
group (+P < 0.05, +P < 0.05). Average data, expressed as mean ± S.E. (n = 3).

significant difference of ERK or p38 in H/R stress com-
pared to normoxia groups, the phosphorylation of JNK un-
der H/R group was significantly higher than that in the nor-
moxia group. Although there was no significant difference
between BAG3-WT, BAG3-∆PXXP, and BAG3-∆BAG in
the normoxia group, it is found that deletion of the PXXP or
BAG domain attenuated roles of BAG3 in inhibiting JNK
phosphorylation induced by H/R as shown in Fig. 8D.

4.6 BAG3 attenuates the apoptosis of NRCs induced by
H/R through the BAG3-HSC70-JNK complex with
structural domain PXXP or BAG of BAG3

To define how BAG3 and its mutants attenuate
NRCs apoptosis induced byH/R through the JNK signalling
pathway, Co-IP of proteins was used to explore the interac-
tion of BAG3 with JNK. First, as shown in Fig. 9A, BAG3-
WT having a high capacity for binding HSC70 and H/R
stress made no significant difference to the binding capac-
ity (Fig. 9A, lanes 2 v. 4 in the third panel). Second, the
BAG3-HSC70-JNK complex was found (Fig. 9C, lanes 2
v. 4 in the second panel). There was very slight binding
of BAG3 to Sek1/MKK4 and HSP70 in the precipitated
complex (Fig. 9C, third panel). Finally, the structural do-
main PXXP or BAG knock-down suppressed the binding of
BAG3-HSC70-JNK, indicating that the structural domain
PXXP or BAGof BAG3 is critical for the interaction among
BAG3, HSC70, and JNK (Fig. 9E, lanes 5 and 6 v. 4 in the
second panel, respectively).

5. Discussion

The expression of BAG3 is regulated by multiple
stressful stimuli to adapt to environmental conditions and
is induced by HSF1 (heart shock factor 1), a transcription
factor involved in many types of cancer [31]. The anti-
apoptotic efficacy of BAG3 in cardiomyocytes attracted at-
tention recently with researchers finding that the level of
BAG3 increased in patients with hypertension and diabetes
[32]. In this study, we found that the expression of full-
length BAG3 in NRCMs was down-regulated after H/R
stimulation, which may due to the adaptive response of
BAG3 against the stimulation induced by H/R. The exist-
ing literature and the results of our laboratory showed that
BAG3 may become a new therapeutic target for heart and
skeletal muscle patients [33].

The role of BAG3 in protecting the myocardium,
and the following clues, proved that BAG3 plays a criti-
cal role in the study of cardiac pathology: (1) Knocking
down of BAG3 in ARCMs induced the change in the ex-
pression of apoptosis-associated proteins BAX and Bcl-2,
and inhibited the expression of autophagy-associated pro-
tein LC3 A/B; (2) Over-expression of BAG3 in rat car-
diomyocytes reduced the injury suffering from H/R stress,
as demonstrated by PI staining and TUNEL staining. Pre-
vious experimental results in our laboratory have also con-
firmed the protective effect of BAG3 in the cardiac cell lines
(H9C2 cell line). We believe that it may be a feasible treat-
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Fig. 8. Over-expression of BAG3-WT and its mutants inhibited H/R-induced phosphorylated JNK (p-JNK) levels in NRCs. (A) A representative
image. Cell lysates were immunoblotted for p-P38, T-P38, p-ERK1/2, T-ERK1/2, p-JNK, and T-JNK. GAPDH served as a protein loading control. (B–D)
H/R stress increased the expression of p-JNK compared to normoxia conditions (***P< 0.001), over-expression of BAG3-∆PXXP, BAG3-∆BAG, and
BAG3-WT suppresses the expression of p-JNK compared to that in the Adeno-flag group in H/R conditions (#P < 0.05, ##P < 0.01), absence of PXXP
or the BAG domain of BAG3 weakens the suppressive effect compared to that in the BAG3-WT group. Average data, expressed as mean± S.E. (n = 3).

ment to restore the level of BAG3 to a normal level in pa-
tients with cardiomyopathy whose expression of BAG3 is
lower than the normal level [34]. It is necessary to investi-
gate whether the PXXP and BAG domains of BAG3 are in-
volved in autophagy, apoptosis, and other cellular functions
by changing the cytoskeleton assembly and signal transduc-
tion, however, it is unknown whether the PXXP and BAG
domains alone can protect cardiomyocytes from apopto-
sis. In addition, the experimental data are from cells in
vitro, therefore, these results should be carefully extended
to physiological conditions pertaining in vivo.

Present and previous data have shown that the pro-
tection against cardiac injury might be related to its bind-
ing to chaperone protein HSP70 [35–45]. Beyond bind-
ing to HSP70 to evoke the damaged cellular organ and
unfolded protein into the cellular lysosome to conserve

energy for cellular survival, other signalling molecules
might be involved in cellular protection. Since JNK sig-
nalling has been displayed in cellular injuries induced by
hypoxia-reperfusion [22–24] and participated in BAG3 cel-
lular function in cell death and cell proliferation [25–27],
it is worthwhile to define the domain of BAG3 responsi-
ble for binding to JNK. Hypoxia-reperfusion-induced the
phosphorylation of p38 mitogen-activated protein kinase
(p38MAPK) and cJun N-terminal kinase (JNK) in H9C2
cardiomyocytes and in cultured rat cerebellar granule neu-
rons [22] by MKK4 signalling. In our present study, the
complex of BAG3-HSC70-JNK provides the evidence that
BAG3 could be involved in JNK signalling in stressed car-
diomyocytes. Thus, it is reasonable to conclude that cel-
lular protection of BAG3 might inhibit the JNK signalling
pathway, as evinced by a previous study [27]. Furthermore,
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Fig. 9. BAG3 binds to HSC70 protein to form BAG3-HSC70-JNK complex. (A) A representative image. HSC70 in immunoprecipitated complexes
pulled down by anti-Flag antibody displays the binding amount of HSC70 with Flag-BAG3. GAPDH serves as a loading control. (B) Over-expression of
BAG3 increased binding capacity of BAG3-HSC70 compared to that in the Adeno-flag group (**P< 0.01). (C) A representative image. The precipitated
immunocomplexes were subjected to Western blot analysis using anti-HSC70, anti-BAG3, anti-TJNK, anti-sek1/MKK2, and GAPDH antibody. (D)
H/R stress enhanced the binding capacity of BAG3-HSC70-TJNK compared to normoxia conditions under over-expression of BAG3 (**P < 0.01),
over-expression of BAG3 enhanced the binding capacity of BAG3-HSC70-TJNK compared to that in the Adeno-flag group under H/R conditions (##P
< 0.05). (E) A representative image. Loss of JNK binding capacity in BAG3-∆PXXP or BAG3-∆BAG mutant. The precipitated complexes were
subjected to Western blot analysis using anti-HSC70, anti-sek1/MKK4, anti-TJNK, and GAPDH antibody. (F) H/R stress enhanced the binding capacity
of BAG3-HSC70-TJNK when transfected with BAG3-WT (***P < 0.001), deletion of PXXP or the BAG domain suppressed the binding capacity of
BAG3-HSC70-TJNK compared to full-length BAG3 in H/R conditions (#P < 0.05, ###P < 0.001). Average data, expressed as mean ± S.E. (n = 3).

PXXP or the BAG domain of BAG3 is critical for BAG3
binding to JNK in its signalling pathway.

BAG3 can inhibit JNK signal-mediated ischemia-
reperfusion injury. The JNK signalling pathway is closely
related to cell injury induced by hypoxia/reperfusion, and
is involved in the function of BAG3 in cell death and cell
proliferation [45]. Studies have found that JNK activation
can lead to an increase in the level of BAG3, and then pro-
mote selective autophagy as a protective measure against
stressors, however, some studies have found that when the
level of BAG3 is high, there may be a feedback circuit re-
ducing the activation of JNK in the heart, and a low level of
BAG3 inducing the activation of JNK. In previous studies,
we found that the mRNA and protein expression of BAG3
in H9C2 cell line increased after H/R stress [35]. However,
in primary ARCMs and NRCMs, we found that the level
of BAG3 protein was down-regulated under H/R stress.
These results suggested that the physiological function of
BAG3 protein changes differently in response to H/R stress,
it may vary with cell type. However, the interaction be-
tween BAG3 and JNK is complicated, and further research
is needed to ascertain the relationship between BAG3 and
JNK in the heart.

We recently screened 141 differentially ex-
pressed proteins and five related signal pathways through
proteomics-based high-throughput screening, and our lab-
oratory will further explore the mechanism and biologi-
cal significance of the differentially expressed proteins and
signalling pathways in protecting cardiac myocytes related
with BAG3. We believe that proteomics can provide a ma-
terial basis for activities, and also provide a theoretical basis
and solutions for the interpretation of disease mechanisms.

In conclusion, the PXXP and BAG domains of
BAG3 are necessary for the complexes of BAG3 with
HSC70 and JNK to attenuate H/R-induced apoptosis in NR-
CMs. After knock-out of PXXP and BAG domains, the
binding of BAG3 to JNK and HSC70 was lost, which was
closely related to the cellular protection provided by BAG3.
In view of the protective effect afforded by BAG3 during
I/R injury, BAG3 may represent a therapeutic target for pa-
tients receiving reperfusion therapy after myocardial infarc-
tion. These results provide theoretical support for the oc-
currence and development of cardiomyopathy and provide
new ideas for the treatment of cardiomyopathy.
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