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In vitro evaluation of aspirin-induced HspB1 against heat
stress damage in chicken myocardial cells
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Abstract To understand the potential association of heat
stress resistance with HspB1 induction by aspirin (ASA) in
chicken myocardial cells, variations of HspB1 expression and
heat stressed-induced damage of myocardial cells after ASA
administration were studied in primary cultured myocardial
cells. Cytopathological lesions as well as damage-related en-
zymes, such as creatine kinase-MB (CK-MB) and lactate de-
hydrogenase (LDH), indicated the considerable protective
ability of ASA pre-treatment against acute heat stress.
Immunostaining assays showed that heat stress caused
HspB1 to relocate into the nucleus, while ASA did not.
ELISA analysis, revealed that HspB1 expression induced by
ASA averaged 45.62-fold higher than that of the control.
These results indicated that the acute heat-stressed injuries
were accompanied by comparatively lower HspB1 ex-
pression caused by heat stress in vitro. ASA pre-
treatment induced a level of HspB1 presumed to be
sufficient to protect myocardial cells from acute heat
stress in the extracorporal model, although more de-
tailed mechanisms will require further investigation.

Keywords HspB1 . Heat shock proteins .Myocardial cell
protection . Aspirin . Heat stress . In vitro

Introduction

The animal industry has suffered great economic losses due to
the seasonal climate in many regions (Gao et al. 2013; Rhoads
et al. 2010). Current studies have indicated that economic
losses across several stock farming industries will be quite
considerable without primary protection from heat. Annual
losses in the USA alone was estimated at $2.4 billion due to
non-protection from heat exposure ($897 million, $369 mil-
lion, $299 million, and $128 million for dairy, beef, swine,
and poultry industries, respectively) (N. R. St-Pierre* 2003).
Heat stress leads to dysfunction in multiple organs, including
the heart, one of the most important organs in multicellular
organisms (Yan et al. 2009). Such myocardial injury is be-
lieved to be responsible for sudden death induced by heat
stress (Ellis 1972; Scheers-Masters et al. 2004). Even in ani-
mals that survive the heat stress, acute intracorporal damage
would affect the breeding industries. In fact, due to feather
cover, lack of perspiratory glands and fast growth in modern
commercial breeding facilities, poultry species, such as broiler
chickens are more defenseless to high temperatures thanmam-
mals (N. R. St-Pierre* 2003; Piestun et al. 2013). Many im-
portant organs displayed damages in chickens after acute heat
stress exposure, including the heart (Yan et al. 2009). Such
injuries will change the permeability of the myocardial cell
membrane and cause the release of a series of enzymes such
as creatine kinase-MB (CK-MB) and lactate dehydrogenase
(LDH) (Saravanan et al. 2013). Increases of these myocardial
cell damage-related enzymes have been clearly detected after
heat stress (Tang et al. 2013; Yan et al. 2009). Moreover, heat
stress exposure leads to obvious pathological changes. The
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myocardial cells of chickens in our recent studies showed such
changes as swollen in size, acute granular or vacuolar degen-
eration, and karyopyknosis (Wu et al. 2015). All these injuries
are indicative of the harmful effects that heat stress would
cause to the breeding industries. Thus, developing a feasible
solution to protect animals, especially poultry species such as
chickens, from heat stress is an important aim.

A natural stress resistance regulatory pathway known as
the heat shock response (HSR) is present in many different
species. This regulation is mediated by a group of heat shock
proteins (Hsps). As studies of Hsps develop, greater attention
has been placed on a special class of small heat shock proteins
(sHsps) due to their specific protective functions. About ten
sHsps (HspB1-HspB10) have been discovered thus far.
HspB1, also known as Hsp27, was confirmed to participate
in different types of stress resistance without organ specificity.
HspB1 was also reported to confer additional protection by
associating with the cytoskeleton as large oligomers or by
phosphorylation as monomers, thus providing greater cellular
protection than any other Hsps (Benn et al. 2002; de Graauw
et al. 2005; Kato et al. 1994; Lambert et al. 1999). The pro-
tective function of HspB1 in myocardial cells was reported
previously by Liu et al. In that study, overexpression of
HspB1 was shown to attenuate cardiac dysfunction in trans-
genic mice (Liu et al. 2007). Based on those findings, it is
reasonable to consider that myocardial cell injury possibly
can be suppressed if sHsps, especially HspB1, can be induced
or overexpressed appropriately.

Aspirin (i.e., acetyl salicylic acid or ASA) was reported to be
able to induce different Hsps in various species (Amberger et al.
1999; Sandoval-Montiel et al. 2013), including HspB1 (Ebert et
al. 2005). Other studies illustrated the protective function of ASA
in the cardiovascular system (Deharo et al. 2014; Mahaffey et al.
2013) and immune system (Javeed et al. 2011). Moreover, recent
experiments in our laboratory demonstrated that ASA pre-
treatment would provide significant protective effects to chicken
myocardial cells in vivo, for instance, the heat stress-induced
increases of myocardial cell damage-related enzymes such as
CK-MB and LDH were significantly supressed, and the patho-
logical changes of myocardial cells such as acute degeneration
were also reduced (Wu et al. 2015). ASA used as a painkiller was
initially considered to function via platelet interactions (Patrono
et al. 2005). However, its potential cardiovascular protective
effect has been increasingly more appreciated. Although non-
steroidal anti-inflammatory drugs (NSAIDs) also have anti-
inflammatory and antiplatelet properties similar to ASA, few
of them can exert the samemyocardial protective effects against
acute myocardial infarction (AMI) (Solomon et al. 2002).
Therefore, ASA may confer protection to the heart by another
mechanism. Based on the myocardial protective function of
HspB1, the ability of ASA to increase HspB1 expression may
be reasonably speculated as a basis for using this drug to protect
the heart from heat stress-induced injury. Therefore, in this

study, we focused on exploring the possible connection be-
tween the heat stress-related injury in chicken myocardial cells
and ASA-induced HspB1 expression in vitro.

Materials and methods

Cell stress model

Primary cultured chicken myocardial cells were provided by
the Shanghai Fu Meng Biological Technology Ltd (Shanghai,
China). Cells were cultured (37 °C and 5 % CO2) on the petri
dishes for 72 h until the fusion rate was higher than 90 %. The
cell culture medium contained 20 % fetal bovine serum (FBS,
SH30088.03, Hyclone, Logan, UT, USA), 100 IU penicillin,
and streptomycin (SV30010, HyClone) in Dulbecco’s modi-
fied Eagle’s medium (NYH0954, Thermo Scientific,
Waltham, MA, USA).

As shown in Fig. 1, primary cultured cells were divided
into three groups: HS group (heat stress challenge), ASA-HS
group (pre-treated with ASA before heat stress), and ASA
group (treated with ASA alone). Except for cells in the HS
group, those in the ASA-HS group and the ASA group were
administered ASA 2 h before the heat stress phase. This time
point was marked as −2 h. As soon as the heat stress phase
began, myocardial cells in the ASA group were maintained
under normal conditions and served as one of the control
groups (non-heated cells); meanwhile, the other two groups,
the HS group and the ASA-HS group, were exposed to heat
stress by water bath (40±1 °C) for different time span (0, 1, 2,
3, 5, 7, 10, 15, and 24 h). At each time point, the supernate of
the cell culture media from each group was collected, and
myocardial cells were harvested. Samples for biochemical
analysis were frozen in liquid nitrogen. The final concentra-
tion of ASA in the cell culture medium was 1 mg/ml, which
was determined by MTT assays (raw data was not shown in
this paper).

Fig. 1 Depiction of the heat-stressed model. Primary cultured myocardi-
al cells were pre-treated with ASA or vehicle 2 h in prior (−2 h). As soon
as the heat stress phase began, myocardial cells of the HS group and
ASA-HS group were exposed to heat stress over a series of time points
(0, 1, 2, 3, 5, 7, 10, 15, and 24 h). Samples were collected at the each time
points in each group. ASA, administrationwith ASA at 1mg/ml; HS, heat
stress exposure by water bath 40± 1 °C; vehicle, same dosage of vehicle
was used as a control; none, no specific treatment was used in the
incubation
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Additional cells were also cultured on poly-L-lysine (PLL)
treated glass coverslips (product ID: 1014318, Sigma) for
pathological and immunofluorescent analyses. Treatments
and measurements were the same as those mentioned above.

Detection of heart damage-related enzymes

Supernatants of cultured cells after different treatments were
collected for enzyme testing. The enzyme activities of lactate
dehydrogenase (LDH) and creatine kinase-myocardial band
(CK-MB) in all samples were measured according to the in-
structions given in the commercial kits (Nanjing Jiancheng
Biochemical Reagent Co. Ltd., Nanjing, China) by using a
clinical biochemical indicator auto-analyzer (Vital Scientific
NV, Dieren, The Netherlands). Each sample was analyzed
three consecutive times.

Cytopathological observations

For cytopathological tests, myocardial cells cultured on PLL-
pre-treated coverslips in vitro were fixed in paraformaldehyde
overnight and were washed with PBS (pH 7.4) twice before
staining. All sections were stained with hematoxylin and eosin
(H&E), and the images were obtained using a light microscope.

Detection of HspB1 in myocardial cells in vitro by ELISA
assays

Total proteins from primary cultured myocardial cells were
extracted by using the Protein Extraction Reagent (WB-
0071, Dingguo Changsheng Biotechnology Co., Ltd.,
Nanjing, China). All protein concentrations were measured
using a Micro BCA assay kit (23235, Thermo Scientific).
HspB1 concentrations in all three groups were measured by
using the Chicken Heat Shock Protein 27 (HSPB1) ELISAKit
(MBS700383, MyBioSource, San Diego, CA, USA) accord-
ing to the instructions given in the commercial kits.

Immunofluorescence analysis

After being fixed with paraformaldehyde and washed with
PBS (0.01 M, pH 7.4) twice, cells cultured on coverslips were
transferred into PBS solution (0.1 M, pH 7.4) containing
0.5 % Triton x-100 for 15 min. Non-specific antigens were
blocked by 5 % BSA for 30 min at room temperature.
Thereafter, the HspB1 specific monoclonal antibody
(ab49919, Abcam) was added at 1:200 dilution (4 °C, over-
night). After incubation with 100 μL of goat anti-mouse IgG-
FITC (BA1101, BOSTER, China) secondary antibody at a
1:50 dilution for 1 h at 37 °C, nuclei were stained with
50 μL DAPI for 15 min. The slides were mounted with anti-
quenching mounting reagent (AR1109, BOSTER, Wuhan,

China) and observed with a fluorescence microscope (Cx41-
32rfl, Olympus, Japan).

In order to obtain optimal images for further semi-
quantitative analysis, the exposure time of the fluorescence
microscope was adjusted from 200 ms to 800 ms.
Differences in average optical density (AOD) between the
nucleus and the cytoplasm were analyzed using Image-Pro
Plus 6.0 software. Five views were captured and analyzed in
each coverslip.

Statistical analysis

The professional software Curve Expert 1.3 was used to gener-
ate standard curves for ELISAs. Data were compared with the
baseline level (0 h in the HS group) by one-way analysis of
variance (ANOVA) followed by Fisher’s least significant dif-
ference (LSD) test using the Statistical Package for Social
Sciences (SPSS version 20.0 for Windows). Significant differ-
ences were indicated by P<0.05, and highly significant differ-
ences were indicated by P<0.01 in this study. Duncan’s multi-
ple range test was used to analyze differences in HspB1 levels
among three groups at each time point. All raw data presented
were expressed as the mean ± standard deviation (SD).
Differences in AODs between the nucleus and cytoplasm were
analyzed by t test. All experiments were repeated three times.

Results

Variations of myocardial cell damage-related enzymes
in vitro

Variations of CK-MB and LDH activities in the supernatant of
myocardial cells in vitro are displayed in Fig. 2. Except for the
return at 5 and 24 h of heat stress, the levels of CK-MB activ-
ities in the HS group significantly increased (P<0.05) from 2 h
of heat stress until the end of the experiment (0.50∼0.8-fold
higher than baseline level). The levels of LDH increased sig-
nificantly at the time points of 1, 2, 3, 5, and 15 h, with the
highest level (3101±185.9 IU/L) at 5 h of heat stress in the HS
group. With ASA pre-treatment in vitro, levels of CK-MB
slightly increased only at 2 h (0.45-fold higher), 3 h (0.54-fold
higher), and 15 h (0.43-fold higher) of heat stress, while LDH
levels increased only at 5 h (0.53-fold higher) of heat stress in
the ASA-HS group. No significant changes of CK-MB and
LDH were detected in the ASA group.

Cytopathological changes

Cytopathological changes of the primary cultured chicken
myocardial cells after heat treatment are shown in Fig. 3. In
the HS group, obvious acute vacuolar degeneration was ob-
served in the cytoplasm of myocardial cells immediately upon
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exposure to high temperature for 1 h. This vacuolar degener-
ation, accompanied by granular degeneration, developed as
the period of heat stress was prolonged and finally led to
karyopyknosis and inadherence, since 15 h of heat exposure.
In the ASA-HS group, vacuolar and granular degeneration
could be observed in the cytoplasm of the myocardial cells

after 1 h of heat stress exposure, but the degeneration was
slighter than that in the HS group. Although such degeneration
still could be observed until 15 h of heat stress, it lessened in
the later period. Except for the degeneration, no further obvi-
ous pathological lesions were observed in the myocardial cells
of the ASA-HS group. Without heat stress involved, no

Fig. 2 Variations of CK-MB and
LDH in supernatant of cell culture
media in vitro. CK-MB and LDH
levels in each group were com-
pared with the baseline level (0 h
in the HS group, as well as at −2 h
in ASA-HS and ASA groups).
*P< 0.05; **P< 0.01

Fig. 3 Representative
cytopathological images of
chicken myocardial cells
following heat exposure.
Hematoxylin and eosin staining.
Scale bar = 10 μm. HS group: No
obvious pathological change was
found before heat stress exposure
(0 h). However, since being
exposed for 1 h, myocardial cells
displayed acute vacuolar
degeneration, and such injury
developed into karyopyknosis
and inadherence since 15 h heat
exposure. ASA-HS group:
Degeneration can be observed
since 1 h heat exposure and
maintained until 15 h. But the
degeneration was obviously
slighter than that in the HS group.
ASA group: no significant pa-
thology change can be observed
from the beginning to the end
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obvious pathological change was observed in the ASA group
from the beginning to the end of the experiment.

Variations of HspB1 expression in cultured myocardial
cells

Variations of HspB1 expression in cultured myocardial cells
are displayed in Table 1. In the HS group, significant induc-
tion of HspB1 (P<0.05) was detected at 5 and 15 h of heat
stress, compared to that at 0 h of heat stress. However, induc-
tion of HspB1 levels in the cultured myocardial cells was
continuous from 2 to 5 h, as well as from 10 to 24 h of heat
stress, both in the ASA group (P<0.05 at least) and the ASA-
HS group (P<0.01). Statistically, levels of HspB1 induced by
ASA pre-treatment were much more remarkable in the myo-
cardial cells than that by heat stress. Average HspB1 expres-
sion levels in the myocardial cells in the ASA-HS and ASA
groups were 45.62-fold and 38.54-fold higher than that in the
HS group, respectively.

Immunofluorescence detection of HspB1 in cultured
myocardial cells

Immunofluorescence assays were performed to determine lo-
calization of HspB1 in the cultured myocardial cells (Fig. 4).
The fluorescent signals were detected both in the cytoplasm
and the nucleus of the cultured myocardial cells before heat
exposure in the HS group. As the heat stress was prolonged,
significantly stronger (P<0.01) positive signals were located

in the nucleus of myocardial cells in the HS and ASA-HS
groups. However, positive HspB1 signals with similar inten-
sity were located both in the cytoplasm and nucleus of myo-
cardial cells from the beginning to the end of the experiment in
the ASA group.

Discussion

In this study, ASA presented HspB1 inducing function as well
as heat stress resistance in vitro as expected. Heat stress
caused injury in myocardial cells was evidenced by the mor-
phological lesions and cardiomyocyte damage-related enzyme
activities. As reported, upon exposure to heat stress, the per-
meability of the myocardial cell membrane will increase and
lead to extracellular release of a series of enzymes, including
CK-MB and LDH. These enzymes are generally designated as
cardiomyocyte damage-related enzymes and further regarded
as important indicators for judging acute myocardial injury
(Amani et al. 2013; Chen et al. 2013; Chon et al. 2013; Wu
et al. 2013), especially CK-MB (Zeren et al. 2013). In addition
to these enzymes, cytopathological changes like swollen in
size, uneven staining in the cytoplasm and vacuolar degener-
ation were clearly identified in a lot of researches (Chen et al.
2015; Tang et al. 2013). According to these myocardial cell
damage markers, it is clearly to find that overexpressed
HspB1 by ASA was accompanied with relatively slight heat
stress injury in myocardial cells, while severe cell damage
appeared when ASA was not involved and the HspB1 level

Table 1 Variations of HspB1 concentration in myocardial cells in vitro

HS ASA-HS ASA

Time (h) Concentration of
HspB1 (ng/ml)

Duncan’s test Concentration of
HspB1 (ng/ml)

Duncan’s test Concentration of
HspB1 (ng/ml)

Duncan’s test

−2 – 0.0654± 0.0024 0.0654± 0.0024

0 0.0654± 0.0024 bB 1.3134± 0.2395 aA 1.3134± 0.2395 aA

1 0.1078± 0.0176 bB 2.4000± 0.3817 aA 0.6552± 0.0202 bB

2 0.0619± 0.0076 bB 5.7905± 0.6481** aA 3.8463± 1.1401** aAB

3 0.0593± 0.0001 cB 6.1602± 0.4743** aA 4.0463± 0.6305** bA

5 0.1247± 0.0294* bB 3.5353± 0.6358** aAB 5.9342± 1.2500** aA

7 0.0963± 0.0045 bB 1.8010± 0.4188 aA 1.8846± 0.2252 aA

10 0.0765± 0.0124 cC 4.7780± 1.0394** bB 10.6710 ± 1.0264** aA

15 0.1276± 0.0156** cC 8.3767± 0.1376** aA 3.3358± 0.8861** bB

24 0.1016± 0.0193 bB 6.2456± 1.9357** aA 2.4361± 0.1418* abAB

Average 0.0887± 0.0376 bB 4.0466± 2.7949 aA 3.4188± 3.1611 aA

In the ASA-HS group and the ASA group, HspB1 concentration almost kept two orders of magnitude higher than the HS group in which the only HspB1
inducer was high temperature

Values in the same column with * indicate a significant difference (P< 0.05), and those with ** indicate a highly significant difference (P< 0.01),
compared to the basic level (0 h in the HS group as well as −2 h in the ASA-HS and the ASA group). Values in the same row with different small letters
mean significant difference (P< 0.05), and with different capital letters mean very significant difference (P< 0.01), while with same or no letters mean no
significant difference (P> 0.05). All the data were presented as mean ± SD
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was low. These facts suggested that ASA exerted valuable
anti-heat stress activity in myocardial cells in vitro, and induc-
ing abundant HspB1 can be closely associated with this func-
tion. Meanwhile, even though high temperature itself also
increased the expression of HspB1 at a few time points, the
serious myocardial cell damage caused by heat stress chal-
lenge without ASA administration revealed that the HspB1
induced by high temperature alone was obviously insufficient
to compensate for the massive consumption under stress cir-
cumstance. Generally, ASA was capable of reducing the
heat stress injury in cultured myocardial cells and inducing
sufficient HspB1 may be one of the key elements in anti-
heat stress injury.

Another important characteristic of ASA that would con-
tribute to its potential use as an anti-heat stress medicine was
the safety profile.When the myocardial cells were treated with
ASA but not exposed to heat stress, they showed concentra-
tion levels of HspB1 that were as high as those in the ASA-HS
group. However, the morphological observation and the de-
tection of cardiomyocyte damage-related enzymes indicated
no significant pathological changes in the ASA group. This
fact indicated that ASA acted as HspB1 inducer but no

detectable insult was caused. Pre-treatments with many phys-
ical, chemical, and biological stress factors were reported to be
able to cause an increase of HspB1 (Lindquist 1986).
However, most of them also led to irreversible injury, which
actually sometimes even more serious than that with heat
stress. Some mineral salts, such as sodium arsenite, were
found to induce Hsps efficiently but were quite toxic in ani-
mals with a 20 %mortality rate (Lappas et al. 1994; Ribeiro et
al. 1994). The ability of ASA to induce HspB1 without lead-
ing to visible injury is extraordinarily valuable, althoughmuch
more work is still needed for its development as a commercial
anti-stress medicine.

The translocation of HspB1 after different treatments also
revealed interesting information in this study. As long as the
heat stress was involved in the experiment, HspB1 signals
were localized stronger in the nucleus than in the cytoplasm
of myocardial cells. Meanwhile, although HspB1 was
overexpressed by ASA pre-treatment alone, in the absence
of high-temperature exposure, positive HspB1 signals in the
nucleus of myocardial cells presented no difference to that in
the cytoplasm. This translocation phenomenon can be ex-
plained by the theory which has been partly described inmany

Fig. 4 Distribution of HspB1 in cultured myocardial cells by
immunofluorescence staining. Heat stress caused HspB1 relocalization
into the nucleus in the HS and ASA-HS groups but not in the ASA group.

Differences in average optical densities (AODs) between the nucleus and
cytoplasm were analyzed by t test. *P < 0.05; **P < 0.01; scale
bar = 10 μm; HspB1 (green color, FITC); nuclei (blue color, DAPI)
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prior studies, but has it not been fully stated. As oligomers or
dipolymers, HspB1 possesses dual protective functions
against stress factors. It harbors the chaperone function only
when in the form of large, unphosphorylated oligomers
(Rogalla et al. 1999), and it was believed that non-
phosphorylated HspB1 can stabilize cytoskeletal components,
such as actin, via its chaperone function (Hollander et al.
2004). Under specific circumstances, these oligomeric
HspB1 will dissociate into phosphorylated dipolymers. The
phosphorylated form of HspB1 is a potential anti-apoptotic
molecule that may directly interfere with cell death signaling
pathways (Benn et al. 2002; de Graauw et al. 2005). It is
localized within the perinuclear region at normal conditions
(37 °C) and is relocated to the nucleus after heat stress (Arrigo
et al. 1988). Stress from heat or ATP-depletion causes HspB1
to form large (∼106 kDa) detergent insoluble structures inside
the nucleus (Arrigo et al. 1988; Arrigo 1994), which are vis-
ible as granules (Adhikari et al. 2004; Bryantsev et al. 2002;
Loktionova et al. 1996) and also contain heat-denatured pro-
teins. Therefore, the protective roles of HspB1 are also regu-
lated by phosphorylation and translocation. Unlike high tem-
perature which induced HspB1 and led to its translocation into
the nucleus of myocardial cells, ASA pre-treatment induced
HspB1 more efficiency without causing its translocation.
These facts suggested that ASA activated the overexpression
of HspB1 by another mechanism different from heat stress.

Both high-temperature exposure and low-dose ASA pre-
treatment have been well described to be able to induce
HspB1 (Amberger et al. 1999; Ebert et al. 2005; Sandoval-
Montiel et al. 2013; Yan et al. 2009; Yu et al. 2009). Less
notable, but no less meaningful, was the finding that instead
of a stably variation, the increasing tendency of HspB1 fluc-
tuated as the experiment proceeded under different treatments.
This phenomenon reflected that the classic negative feedback
regulation of the expression of Hsps also plays a functional
role in HspB1, an ATP-independent sHsp (Faiella et al. 2012;
Morimoto et al. 1992). As an important transcriptional activa-
tor, heat shock factor 1 (HSF-1) is occupied by Hsp70 under
normal conditions (Knauf et al. 1996; Zuo et al. 1994). When
exposed to stress factors, Hsp70 dissociates from HSF-1 and
binds to degenerated proteins. Thereafter, HSF-1 oligomerizes
into a trimer capable of transport into the nucleus. Once the
trimeric HSF-1 is conjugated with heat shock element (HSE),
the transcription of a series of Hsps is initiated. As the con-
centration of Hsps is elevated, HSF-1 again becomes compet-
itively occupied by Hsps, especially Hsp70, and then tran-
scription and expression of additional Hsps are suppressed,
including HspB1.

Previously, we conducted a preliminary assessment of the
protective capacity of ASA and the association with HspB1 in
an animal model (Wu et al. 2015). In the extracorporal study,
we demonstrated consistent results in cultured myocardial
cells. The concurring in vivo and in vitro results indicated that

heat stress leads to acute injury of chicken myocardial cells.
Although no structural damage was observed in the patholog-
ical analysis, acute degeneration and high levels of
karyopyknosis accompanying the changes of cardiomyocyte
damage-related enzymes revealed serious myocardial dys-
function and metabolic disorders. These types of injuries can
be lethal or at least involve impairment of productivity and
lead to commercial loss in breeding industries (Kamboh et al.
2013; Ma et al. 2013; Zhao et al. 2013). Notably, the expres-
sion of HspB1 was more sensitive to ASA in the extracorpo-
real model. In vitro, with or without exposure to hyperthermia,
levels of HspB1 in the myocardial cells in the two ASA-
treated groups were almost two orders of magnitude higher
than that in the HS group in which the cardiomyocytes were
only stimulated with high temperature. Although the expres-
sion of HspB1 was also elevated in the animal models after
ASA pre-treatments, the HspB1 expression in the heart tissue
was not as sharp as that in the extracorporeal cultured cells.
This finding suggested that a more complicated regulatory
mechanism exists in vivo which would limit the overexpres-
sion of HspB1. At sufficient levels, HspB1 has been widely
considered to serve multiple protective functions, but its over-
abundance may protect mutant cells from programmed death
or even lead to cancer. A previous study associated stromal
expression of HspB1 (Hsp27) with cancer development
(Schweiger et al. 2015). Some researchers believe that inap-
propriate expression of Hsps, especially HspB1, can block
apoptosis pathways and actively be involved in various pro-
cesses such as tumor cell proliferation, invasion, metastases,
and death (Lianos et al. 2015). The suppression of HspB1
suppression possibly serves as an important safeguard to pre-
vent myocardial cells from tumorigenesis. Moreover, this reg-
ulatory system obviously involves multiple factors and organs
since the isolated myocardial cell model presented relatively
unlimited HspB1 expression in vitro. However, the precise
mechanism requires further investigations.
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