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HMGB1 enhances mechanical stress-induced cardiomyocyte
hypertrophy in vitro via the RAGE/ERK1/2 signaling pathway
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Abstract. Pressure overload-induced cardiac hypertrophy is
associated with a complex spectrum of pathophysiological
mechanisms, including the inflammation response. High
mobility group box-1 (HMGBI), a pro-inflammatory cyto-
kine, is not only increased in myocardium under pressure
overload, but also exacerbates pressure overload-induced
cardiac hypertrophy and dysfunction; however, the underlying
mechanisms have remained elusive. In the present study,
cultured cardiomyocytes were stimulated by mechanical
stress and/or HMGBI for various durations to examine the
role of HMGBI in cardiomyocyte hypertrophy, and to detect
the expression of receptor for advanced glycation end products
(RAGE), toll-like receptor 4 (TLR-4) and the activation status
of mitogen-activated protein kinases (MAPKs) and Janus
kinase 2 (JAK2)/STATS3. The results indicated that HMGBI1
aggravated mechanical stress-induced cardiomyocyte
hypertrophy. Furthermore, mechanical stress and HMGBI1
stimulation activated extracellular signal-regulated kinase 1/2
(ERK1/2), P38 and JAK2/STAT3 signaling in cardiomyo-
cytes, but an additive effect of the combined stimuli was only
observed on the activation of ERK1/2. In addition, mechanical
stress caused a prompt upregulation of the expression of
RAGE and TLR-4 in cardiomyocytes, while the activation
of ERK1/2 by HMGBI was inhibited by blockage of RAGE,
but not by blockage of TLR-4. In summary, the present results
indicated that extracellular HMGBI1 enhanced mechanical
stress-induced cardiomyocyte hypertrophy in vitro, at least
partially via the RAGE/ERK1/2 signaling pathway.
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Introduction

Pathological cardiac hypertrophy, which is accompanied by
increased cardiomyocyte death, fibrotic remodeling and cardiac
dysfunction, is generally considered to be an independent risk
factor of heart failure (1,2). It is well established that not only
mechanical stress, but also inflammatory factors are involved
in pressure overload-induced pathological hypertrophy (3-5).
High mobility group box 1 (HMGBI), which has diverse
biological roles, is a highly conserved, ubiquitous protein in
various types of cells. It has been reported that HMGBI exists
in the nucleus under physiological conditions, while extracel-
lular HMGBI functions as a pro-inflammatory cytokine when
released by activated inflammatory cells or necrotic cells (6,7).
A recent study by our group indicated that cardiac HMGBI1
expression is increased in mice with transverse aortic constric-
tion (TAC), and it is involved in cardiac hypertrophy under
pressure overload (8); however, the underlying mechanisms
have remained to be fully elucidated.

Cardiac hypertrophy is generally considered to be a
highly complex process, which is mediated by multiple
signaling pathways, including intracellular calcium, cyclic
guanosine monophosphate/protein kinase G, protein kinase C,
mitogen-activated protein kinase (MAPK) and Janus kinase
(JAK)/STAT signaling pathways (9,10). It is accepted that
activation of ERK, JNK and p38 are all closely associated
with this process (11-13). In addition, JAK (mainly JAK?2)
and its effector, STAT (particularly STAT3), were reported
to be significantly increased in the process of cardiac
hypertrophy (14).

Furthermore, it has been indicated that ischemia-reper-
fusion injury increases the expression of HMGBI in cardiac
tissue, which, in turn, aggravates cardiac ischemia-reper-
fusion injury by activating JNK, ERK and nuclear factor
(NF)-kB (15). In addition, upregulated interleukin (IL)-6
induced by HMGBI triggers cardiomyocyte hypertrophy
via the JAK/STAT signaling pathway (16,17). Considering
this together with the fact that HMGBI1 functions as an
inflammatory factor, mainly through acting on the receptor
for advanced glycation end products (RAGE) and toll-like
receptor (TLR)-2 and TLR-4 (18-20), it appears plausible that
the above mentioned receptors and signaling pathways may
be involved in the effect of HMGBI on cardiac hypertrophy
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under pressure overload. In this light, the aim of the present
study was to examine the potential additive effects of HMGB1
and mechanical stress on these signaling pathways in the
process of cardiac hypertrophy in vitro.

Materials and methods

Cell culture. Inhalation anesthesia was performed on one- or
two-day-old Sprague Dawley rat pups with 2% isoflurane, and
anesthetic depth was assessed with reaction to nociceptive
stimulus (21,22). After the reactions were lost, pups were ster-
ilized locally with 75% ethanol, the chest was opened quickly
along the sternum to harvest the heart, and then primary
cultures of rat ventricular myocytes were obtained as described
previously (23,24). The experiment protocols were approved
by the Institutional Animal Care and Use Committee of Fudan
University (Shanghai, China).

HOc2 cells were purchased from Shanghai Institutes for
Biological Sciences. Cells were incubated in low-glucose
Dulbecco's modified Eagle's medium (DMEM; Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% (v/v)
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.), 100 U/ml each of penicillin and streptomycin, and 20 mM
HEPES (pH 7.2) at 37°C in humidified air with 5% CO,.
Confluent monolayers exhibiting spontaneous contractions
were developed in culture within 2 days.

Plasmid transfection. H9c2 cells were transfected with
green fluorescence protein (GFP) plasmid (4 pg; Takara
Biotechnology Co., Ltd.) using Lipofectamine™ 2000 trans-
fection reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. The efficacy
of transfection was >80%, as determined by fluorescence
microscopy (magnification, x100). All cultures were trans-
ferred to serum-free conditions for 48 h prior to stimulation
experiments.

Mechanical stretch and HMGBI stimulation. Based on a
previous study by our group (8), the cardiomyocytes were
cultured in DMEM with 10% FBS and then incubated under
serum and antibiotic-free conditions in silicon-based plates
pre-coated with collagen for 48 h prior to mechanical stretch.
Uniaxial strain was applied by stretching the silicone plate in
the frame by 20% in length along the plate (25,26). Cultured
cardiomyocytes were stimulated by mechanical stress (stretched
mechanically to 120%) (27) and/or with 100 ng/ml recombinant
HMGBI (HMGBiotech) (8) for 5, 10 or 30 min, or 1,2,4, 8, 12
or 24 h. In other experiments as indicated, RAGE and TLR-4
were blocked by using specific neutralizing antibodies to RAGE
(20 pug/ml; sc-365154; Santa Cruz Biotechnology, Inc.) (28) and
to TLR-4 (20 pg/ml; ab137582; Abcam) (29), respectively, as a
30 min pretreatment prior to HMGBI stimulation.

Cell surface area measurements. H9c2 cells transfected with
GFP plasmid (as aforementioned) were used for the cell surface
area measurement experiments. Positive staining was observed
under a fluorescence microscope (magnification, x100;
Olympus Corporation). The area of the cell was assessed using
the AxioVision 4.5 (Zeiss GmbH) software (30) and calculated
as the mean of ~100 cells from randomly selected fields.
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Western blot analysis. The total cellular proteins were extracted
at the corresponding time-points with radioimmunoprecipita-
tion assay lysis buffer (Beyotime Institute of Biotechnology).
The protein concentration was detected using the Pierce bicin-
choninic acid protein assay kit (Thermo Fisher Scientific, Inc.).
The extracted proteins (30 ug) were boiled in loading buffer
for 10 min, separated by 12% SDS-PAGE and transferred to a
nitrocellulose membrane (Thermo Fisher Scientific, Inc.). The
membrane was incubated at room temperature for 2 hin 5% FBS
to block non-specific binding sites, and then incubated overnight
at 4°C with the primary antibodies. The antibodies used were
(1:1,000 dilution; Cell Signaling Technology, Inc.): ERK1/2
(cat. no. 4695), phosphorylated (p-) ERK1/2 (cat. no. 9101),
P38 (cat. no. 9212), p-P38 (cat. no. 4511), JAK2 (cat. no. 3230),
p-JAK2 (cat. no. 3771), STAT3 (cat. no. 4904), p-STAT3
(cat.n0.9145), GAPDH (cat. no.5174),and $-actin (cat.no.4970).
The primary antibody targeting GFP was from Santa Cruz
Biotechnology, Inc. (cat. no. sc-5384; 1:1,000). Subsequently,
the membrane was washed for 10 min with Tris-buffered saline
containing Tween-20 (TBST) three times and then incubated
with a horseradish peroxide (HRP)-conjugated secondary
antibody (1:10,000; Cell Signaling Technology, Inc.; anti-rabbit
cat. no. 7074 or anti-mouse cat. no. 7076) at room temperature
for 2 h. Finally, the membrane was washed for 10 min with
TBST buffer three times, exposed using a LAS-3000 imaging
system (FujiFilm Holding Corporation) and the expression of
the corresponding proteins was determined using the Quantity
One software (v4.6.6; Bio-Rad Laboratories, Inc.).

Statistical analysis. Values are expressed as the mean + stan-
dard error from three individual experiments. One-way
analysis of variance was applied for comparison between
groups. P<0.05 was considered to indicate a statistically
significant difference. Statistical analysis was performed using
the SPSS 16.0 statistical package (SPSS, Inc.).

Results

HMGBI enhances mechanical stress-induced cardiomyocyte
hypertrophy. To examine the effect of HMGBI1 on cardio-
myocyte hypertrophy under mechanical stress, HOC2 cells
were transfected with GFP plasmid, and 48 h later, they
were stimulated with HMGBI1 and/or mechanical stretch.
Fig. 1A shows that the transfection of GFP was successful.
Compared with that of the control cells, the cell surface area
was significantly increased in the cells treated by mechanical
stretch for 24 h (P<0.01; Fig. 1B and C), but not in those
with HMGBI stimulation alone. Notably, HMGBI1 stimula-
tion combined with mechanical stretch further aggravated
the mechanical stress-induced cardiomyocyte hypertrophy
(P<0.05; Fig. 1B and C).

Mechanical stress and HMGBI activate MAPKs in cardiomyo-
cytes. To further investigate the mechanisms of cardiomyocyte
hypertrophy induced by mechanical stress and HMGBI stimula-
tion, the activation status of MAPKSs under these conditions was
detected. Primary rat neonatal cardiomyocytes were subjected
to mechanical stretch and/or HMGBI stimulation for 0, 5, 10, 30
and 60 min. Western blot analysis results indicated that the levels
of p-ERK1/2 were significantly upregulated in cardiomyocytes
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Figure 1. HMGBI enhances mechanical stress-induced cardiomyocyte hypertrophy. H9c2 cells were transfected with a GFP-expressing plasmid, and 48 h
later, they were stimulated with 100 ng/ml HMGBI and/or mechanical stretch for 24 h. (A) Western blot analysis confirmed successful GFP transfection in
HOc2 cells. (B) Positive staining was observed under a fluorescence microscope (scale bar, 10 ym). (C) Quantification of cell surface area. Values are expressed
as the mean = standard error from three independent experiments. “P<0.01 vs. control; “P<0.05 vs. mechanical stretch. HMGBI, high mobility group box-1;

GFP, green fluorescence protein.

treated with mechanical stretch (from 5 min onwards) or
HMGBI (from 30 min onwards), in a time-dependent manner
(P<0.05). Of note, an additive effect of mechanical stretch and
HMGBI stimulation on the activation of ERK1/2 was observed
at 30 min, resulting in a greater increase in p-ERK1/2 compared
with that achieved by mechanical stretch or HMGBI stimulation
alone (P<0.05; Fig. 2A and B). Furthermore, the levels of p-P38
in cardiomyocytes were increased by mechanical stretch and by
HMGBI stimulation (P<0.05), but the combined treatment had
no additive effect (Fig. 2C and D).

Mechanical stress and HMGBI activate JAK2/STAT3 in
cardiomyocytes. As another important signaling pathway
involved in cell hypertrophy, the activation of JAK2/STAT3
was also assessed. It was revealed that the levels of p-JAK2
were upregulated by mechanical stretch and by HMGBI1
stimulation, while the former but not the latter maintained
the activation of JAK2 (P<0.05; Fig. 3A and B). Furthermore,
the levels of p-STAT3 increased from 30 min onwards in the
stretch group and from 10 min onwards in the HMGBI group
(P<0.05; Fig. 3C and D). However, no additive effects between
mechanical stress and HMGBI simulation were observed on
the activation of JAK2 and STAT3.

Mechanical stress induces the expression of RAGE and TLR-4
in cardiomyocytes. A previous study by our group indicated
that cardiac HMGBI was not only increased but also activated
under pressure overload (8). In the present study, the effects

of mechanical stretch on the expression of RAGE and TLR-4,
two receptors of HMGBI, were explored in cardiomyocytes.
The results suggested that the protein expression levels of
RAGE were significantly increased at 8 and 12 h (P<0.05;
Fig. 4A and B), while TLR-4 expression was significantly
increased at 4 and 8 h of stretch (P<0.05; Fig. 4C and D).
These results indicated that RAGE and TLR-4 may mediate
the additive effect of HMGBI on pressure overload-induced
cardiomyocyte hypertrophy.

Roles of RAGE and TLR-4 receptors in the activation of
signaling pathways by HMGBI. HMGBI alone had no
influence in cardiac hypertrophy; however, it aggravated pres-
sure/mechanical stress-induced hypertrophy (Fig. 1). To further
explore the mechanism underlying this function of HMGBI, the
present study aimed to investigate the role of target receptors
of HMGBI in cardiac hypertrophy. Primary cardiomyocytes
were treated with HMGBI for 30 min, at which point the levels
of p-ERK1/2 were significantly increased (Fig. SA and B).
Blocking the RAGE receptor significantly inhibited ERK1/2
activation (P<0.05; Fig. 5A and B), while no effect was observed
following blocking of the TLR-4 receptor (Fig. SA and B). By
contrast, the HMGBI1-induced increase in the levels of p-JAK?2
(Fig. 5C and D) and p-STAT?3 (Fig. SE and F) was not affected
by either RAGE or TLR-4 receptor inhibition. These results
indicated that RAGE/ERK1/2 may be one of the signaling
pathways mediating HMGBI1-stimulated hypertrophy under
mechanical stress.
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Figure 2. Mechanical stress and HMGBI stimulation activate mitogen-activated protein kinase signaling in cardiomyocytes. Neonatal rat cardiomyocytes were
stimulated with 100 ng/ml HMGBI1 and/or mechanical stretch for 5, 10 or 30 min, or 1 h. Protein expression levels were then analyzed by western blotting.
(A) Representative images and (B) quantification of p-ERKs and t-ERKs levels. (C) Representative images and (D) quantification of p-P38 and t-P38 levels.
Values are expressed as the mean + standard error from three independent experiments. "P<0.05 vs. control; “P<0.05 vs. groups with the same stimuli at 5 min;
4P<0.05 vs. groups with the same stimuli at 10 min; SP<0.05 vs. mechanical stretch treatment alone for 30 min. ¥P <0.05 vs. HMGBI alone for 30 min. HMGBI,
high mobility group box-1; p-, phosphorylated; ERK, extracellular signal-regulated kinase; t-, total.
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Figure 3. Mechanical stress and HMGBI stimulation activate JAK2/STATS3 in cardiomyocytes. HMGBI1 (100 ng/ml) and/or mechanical stress were applied
to cultured cardiomyocytes for 5, 10, 30 or 60 min. Protein expression levels were then analyzed by western blotting. (A) Representative images and (B) quan-
tification of p-JAK?2 and t-JAK2 levels. (C) Representative images and (D) quantification of p-STAT3 and t-STAT3 levels. Values are expressed as the
mean + standard error from three independent experiments. “P<0.05 vs. control; “P<0.05 vs. groups with the same stimuli at 5 min. HMGBI, high mobility
group box-1; JAK2, Janus kinase 2; p-, phosphorylated; t-, total.
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Figure 5. Roles of RAGE and TLR-4 receptors in the activation of signaling pathways by HMGBI. Cardiomyocytes were pretreated either a RAGE-neutralizing
antibody (20 pg/ml) or a TLR-4-neutralizing antibody (20 pg/ml) for 30 min, and stimulated with HMGBI for a further 30 min. Cells were then analyzed by
western blotting for the activation of (A and B) ERKSs, (C and D) JAK?2 and (E and F) STAT3. Values are expressed as the mean + standard error from three
independent experiments. “P<0.05 vs. control; "P<0.05 vs. HMGBI1 group. RAGE, receptor for advanced glycation end products; TLR-4, toll-like receptor 4;
HMGBI, high mobility group box-1; ERK, extracellular signal-regulated kinase; JAK2, Janus kinase 2; p-, phosphorylated; t-, total.

Discussion

Recent work by our group has demonstrated that cardiac
HMGBI expression was increased under pressure overload,

and exogenous HMGBI exacerbated TAC-induced cardiac
hypertrophy and dysfunction (8). Consistent with a previous
study (31), the present study indicated that HMGBI aggravated
mechanical stress-induced cardiomyocyte hypertrophy, but
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failed to induce such phenotype change alone. Furthermore,
mechanical stress and HMGBI1 were able to activate not only
MAPKSs but also JAK/STAT signaling in cardiomyocytes, and
these two stimuli had an additive effect on activating ERK1/2,
indicating that ERK1/2 may be the pivotal downstream mole-
cule of HMGBI, which aggravates cell hypertrophy induced
by mechanical stress. It was further indicated that mechanical
stress directly upregulated the expression of HMGBI recep-
tors (RAGE/TLR-4) in cardiomyocytes, while blocking of
RAGE, but not of TLR-4, inhibited the activation of ERK1/2
by HMGBI, suggesting that extracellular HMGBI enhanced
mechanical stretch-induced cardiomyocyte hypertrophy,
at least partially, via activating the RAGE/ERK signaling
pathway in vitro.

Primary rat neonatal cardiomyocytes were used in the
present study to explore the molecular mechanisms and
signaling pathways involved in cardiac hypertrophy; however,
it was not feasible to use these primary cells in the pheno-
type assays, because they exhibited very low transfection
efficiency and were not efficiently labeled with GFP. Owing
to the good performance of H9c2 cells in transfection with
GFP-expressing plasmids, these cells were used instead to
detect the phenotype changes of myocardial hypertrophy in
Fig. 1. H9¢c2 is a rat embryonic cardiac myoblast cell line,
which is employed widely as an in vitro cardiomyocyte model
to explore molecular mechanisms (4,32,33) and phenotype
changes (34-37) of myocardial hypertrophy. In our previous
study, it was demonstrated that exogenous HMGBI aggra-
vated pressure overload-induced cardiomyocyte enlargement
in vivo (8). The present study confirmed the effect of exog-
enous HMGBI on mechanical stress-induced cardiomyocyte
enlargement in vitro. A limitation of the present study was that
cell size was measured as the only indication of hypertrophy,
and other parameters, such as relative gene expression, were
not evaluated; further studies will be needed to fully elucidate
the role and effect of HMGBI in cardiac hypertrophy.

The pathological process of cardiac hypertrophy is associ-
ated with a complex spectrum of pathophysiological changes
at the molecular level, which may be divided into three parts:
Accumulation of extracellular pro-hypertrophic factors,
intracellular signal-transduction circuits and alterations of
nuclear gene transcription and protein translation, which
ultimately induce hypertrophic phenotypes in cardiomyo-
cytes (38,39). Diverse signaling pathways were proved to be
essential for physiological hypertrophy and dysregulation of
these pathways promoted pathological hypertrophy. MAPK
signaling has an important role in the development and
progression of cardiac hypertrophy. Extracellular stimulations
may recruit and activate MAPKSs through membrane proteins,
including cell membrane tyrosine kinase receptor, G protein
coupling receptor and ion channel coupling receptor (11,40).
Phosphorylated MAPKs subsequently activate downstream
substrates involved in cardiac hypertrophy, including c-Jun,
activated transcription factor 2 and cardiomyocyte enhancer
factor 2, and then regulate cellular gene transcription and
protein synthesis, leading to cardiomyocyte enlargement and
fibroblast proliferation in cardiac tissues (40,41). Although
the role of p38 in cardiac hypertrophy remains largely elusive
and controversial (42,43), ERK signaling is generally accepted
to have a role in this pathology. The ERK1/2 cascade was

ZHANG et al: HMGB1 EXAGERATES CARDIOMYOCYTE HYPERTROPHY VIA RAGE/ERK SIGNALING

observed in hypertrophic and failing mammalian hearts,
while deletion of ERK (ERK1”and ERK2*") did not cause
any obvious reduction in the hypertrophic response to various
stimuli (44,45). These results indicate that ERK1/2 signaling
is pro-hypertrophic, but is not indispensable for the process
of cardiac hypertrophy, and may explain why cells treated by
HMGBI alone did not exhibit any hypertrophic phenotype. In
addition, in the present study, it was observed that HMGBI1
stimulation obviously enhanced the levels of p-JAK2 and
p-STATS3 in cardiomyocytes, indicating that HMGBI1 has an
effect on JAK2/STAT3 signaling; however, this pathway may
not participate in the process of HMGBI1-enhanced cardio-
myocyte hypertrophy induced by mechanical stress. Another
reasonable explanation for these results is that the signaling
pathways involved in cardiac hypertrophy including MAPKSs
and JAK/STAT are highly complex with multiple cross-talk,
and that activation of one protein or one signaling pathway
may not be sufficient to induce a phenotype change.

HMGBI is involved in cell hypertrophy in neonatal
rat cardiomyocytes and this process is closely linked to
calcineurin (31). Neonatal rat cardiomyocytes subjected to
mechanical stretch develop hypertrophy and increased intra-
cellular and extracellular HMGBI expression in vitro, and the
latter effect is abolished by fenofibrate, an inhibitor of cardiac
hypertrophy (46). Furthermore, inhibition of HMGBI release,
or promotion of nuclear translocation of HMGBI, has also
been reported to attenuate cardiac hypertrophy (47), which
supports that HMGBI1 may have dual functions in the context
of cardiac hypertrophy depending on its subcellular localiza-
tion. Likewise, a previous study by our group has indicated
that mechanical stress increased the expression and release
of HMGBI in cultured cardiomyocytes (8), suggesting that
mechanical stress activates HMGBI and promotes its transfer
to extracellular sites and its function as a pro-hypertrophic
factor.

RAGE is a transmembrane receptor that recognizes and
combines with a variety of ligands, and RAGE/MAPK/NF-«xB
signaling exerts an influence on multiple processes, including
cell activation, proliferation and migration (48,49). RAGE is
involved in a variety of pathologies mediated by HMGBI, and
this axis may represent a potential target for cardiac hypertrophy
induced by HMGBI (50). Kim et al (51) reported that HMGBI1
induced the activity of fibroblasts viaR AGE/MAPK and NF-«xB
signaling in keloid scar formation, while Andrassy et al (15)
demonstrated the pro-inflammatory activity of HMGBI1
depended on RAGE activation, since RAGE”" mice were
protected from I/R injury even after administration of
HMGBI. In addition, previous studies have revealed that acti-
vation of TLR-4 promoted cardiac hypertrophy, while genetic
or pharmacological inhibition of TLR-4 had the opposite
effect (52-54). In the present study, it was indicated that RAGE
blockade significantly attenuated the HMGBI1-mediated acti-
vation of ERK1/2 in cardiomyocytes, but had no effect on the
JAK?2/STAT3 pathway. Blocking the TLR-4 receptor appeared
to exert no effect on either MAPK or JAK2/STATS3 signaling,
suggesting a regulatory role of RAGE to activate ERK1/2
following extracellular HMGBI stimulation. In the present
study, anti-RAGE or anti-TLR-4 neutralizing antibodies were
used in cells treated with HMGBI1 alone, but their effect on
the combined treatment of HMGBI and mechanical stress was
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not examined. However, since mechanical stress is a powerful
stimulation to cultured cardiomyocytes and RAGE or TLR-4
are only two of the receptors of HMGBI, the role of RAGE or
TLR-4 in mediating HMGBI-induced activation of ERK1/2
and JAK2/STAT3 would be difficult to be observed under
mechanical stress. Based on the current findings that RAGE
was involved in the function of HMGBI1, further studies
will be performed in the future to explore the roles of these
receptors under mechanical stress. In addition, cell function
or damage will be also evaluated in future studies, in order to
fully explore the mechanisms of HMGBI in cardiomyocyte
impairment.

The present study demonstrated that HMGBI1 stimulation
enhanced mechanical stretch-induced cardiomyocyte hyper-
trophy and ERK activation. Furthermore, it was observed that
blocking of RAGE attenuated the effect of HMGBI to activate
ERK, while blocking of TLR-4 was ineffective. The present
results indicated that the pro-hypertrophic effect of HMGBI1
under mechanical stress may depend, at least partially, on
RAGE/ERK signaling. In addition, the JAK/STAT pathway,
which may also be activated by mechanical stress and
HMGBI, appears to not be regulated by RAGE or TLR-4
receptors. Further investigation of these interactions in future
studies may reveal the roles of HMGBI activation in cardiac
hypertrophy in more detail.
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