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Objective: The study aimed to investigate the changes in expressions of heat shock
protein 27 (HSP27), HSP70 and soluble glycoprotein (SGP) in heart failure (HF) rats
complicated with pulmonary edema, and explore their potential correlations with
cardiopulmonary functions. Methods: The rat model of HF was established, and the rats
were divided into HF model group (model group, n=15) and normal group (n=15). After
successful modeling, MRI and ECG were applied to detect the cardiac function indexes of
the rats. The myocardial function indexes were determined, the injury of myocardial
tissues was observed via hematoxylin and eosin (HE) staining, and the content of
myeloperoxidase (MPO), matrix metalloproteinase-9 (MMP-9) and tumor necrosis
factor-alpha (TNF-a) in the blood was measured. The partial pressure of oxygen (PaO,)
and oxygenation index (Ol) were observed, and the airway resistance and lung
compliance were examined. Moreover, quantitative polymerase chain reaction (qPCR)
and Western blotting assay were performed to detect the gene and protein expression
levels of HSP27, HSP70 and SGP130. Results: The levels of serum creatine kinase (CK),
creatine (Cr) and blood urea nitrogen (BUN) were increased markedly in model group
(p<0.05). Model group had notably decreased fractional shortening (FS) and ejection
fraction (EF) compared with normal group (p<0.05), while the opposite results of left
ventricular end-diastolic diameter (LVEDD) and left ventricular end-systolic diameter
(LVESD) were detected. In model group, the content of serum MPO, MMP-9 and TNF-a
was raised remarkably (p<0.05), Ol and PaO,were reduced notably (p<0.05), the airway
resistance was increased (p<0.05), and the lung compliance was decreased (p<0.05).
Obviously elevated gene and protein expression levels of HSP27, HSP70 and SGP130
were detected in model group (p<0.05). Conclusion: The expressions of HSP27, HSP70
and SGP130 are increased in HF rats complicated with pulmonary edema, seriously
affecting the cardiopulmonary functions of the rats.
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INTRODUCTION

cart failure (HF) seriously threatens the

human health, whose incidence rate,

according to estimates, is rising persistently

around the world, especially in the elderly
people[1,2]. The survival rate of the patients within
5 years after diagnosis declines dramatically to
about 50%, while the mortality rate in the next 5
years reaches 90%][3], thus creating enormous
clinical and economic burdens on the patients and
the medical system. Pulmonary edema is not only
the most common complication but also a leading
cause of HE HF complicated with pulmonary
edema is associated with the heart, kidney and liver
injuries in addition to the harmful effects on
quality of life, thereby aggravating the clinical
outcomes[4,5]. Therefore, understanding the
mechanism of HF complicated with pulmonary
edema can not only relieve the symptoms rapidly
but also ameliorate the prognosis. There is growing
evidence that venous congestion has adverse
stimulatory effects on the development of
HF-related  inflaimmations[6]. Hence,  with
manifestations as heart, kidney, lung and liquid
imbalance, HF is also recognized as an
inflammatory disease since pro-inflammatory
substances in high concentrations are detected in
multiple vital organs such as heart, kidney and lung
and circulation systems[7]. These inflammatory
processes have close correlations with the
deterioration of structure and function in HF[8,9].
Although the exact potential cause of inflammation
has not been clarified yet, it is probably triggered by

internal injuries.

The proteins in the molecular chaperone family
have become the hotspots of research all the time
since the discovery of heat shock proteins (HSPs)
which compose a big family. Both HSP27 and
HSP70 are the HSP family members with the
strongest inducing ability and undoubtedly the
most frequently studied members especially for
their potent anti-apoptotic  properties. The
induction of HSP27 and HSP70 is triggered within
specific temporal-spatial parameters in the brain, so
as to respond to diverse pathological conditions,
including but not limited to ischemia,

excitotoxicity and axonal injury[10,11]. These
HSPs are gradually considered as the ideal
biomarkers. It terms of the cell type involved in
cach kind of response in the brain, HSP27 is
mainly up-regulated by astrocytes, while HSP70 is
expressed by classical neurons[12]. As a major
member of the 70 kDa family, HSP70 directly or
indirectly participates in several key cellular
processes and pathways, including protein folding,
translocation and  degradation as well as
deoxyribonucleic acid (DNA) repair in the nucleus
and nucleolus[13,14], and it is related to the cell
survival ability. HSP70 is always associated with
diseases or pathological and physiological states,
such as ischemic injury, cardiovascular disease, HE,
neurodegenerative disease and cancer, at the
whole-body level[15,16]. The significance of
HSP70 in the cardiovascular disease has been
combined with pharmacological or genetic
methods which can reduce ischemic injury by
decreasing the protein expressions in the
myocardium of patients at a risk of acute ischemic
stroke[17]. However, the influences of HSP27 and
HSP70 expressions on the cardiopulmonary
functions in HF have not been systematically
reported, which need to be further studied.

This research aims to investigate the changes in
expressions of HSP27, HSP70 and soluble
glycoprotein (SGP) in HF rats complicated with
pulmonary edema and their potential correlations
with the cardiopulmonary functions. Although
HSP27 and HSP70 are important regulators of
various diseases, whether they participate in the
pathogenesis of HF complicated with pulmonary
edema and regulate the cardiopulmonary functions
is rarely investigated. Therefore, the influences of
those factors on HF rats complicated with
pulmonary edema were elaborated via the rat
model of HE in-vivo experiments and multiple
molecular biological techniques in this research. In
summary, the results of this research enrich and
improve the theoretical and experimental bases for
the influences of HSP27, HSP70 and SGP on the
cardiopulmonary functions of HF rats complicated
with pulmonary edema.
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MATERIALS AND METHODS
Commonly Used Consumables

Enzyme-linked immunosorbent assay (ELISA)

kits for myeloperoxidase ~(MPO), matrix
metalloproteinase-9(MMP-9), etc. (Nanjing
Jiancheng  Bioengineering  Institute),  radio

immunoprecipitation assay (RIPA) lysis buffer
(Beyotime Institute of Biotechnology), loading
buffer, protease inhibitor and bicinchoninic acid
(BCA) protein assay kit (Biosharp), TRIzol reagent,
DEPC-treated water, SuperScript III  reverse
transcription (RT) kit and SYBR quantitative
polymerase chain reaction (qPCR) Mix (ABI),

2500 gel imager (Bio-Rad, USA), qPCR
instrument (7900 Fast, Applied Biosystems),
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and secondary antibodies (Boster
Biological = Technology Co., Ltd.), primary
antibodies  (Santa), tissue homogenizer and
electrophoresis apparatus (Bio-Rad), and

microplate reader (Thermo Fisher Scientific).

Establishment of Animal Model

After adaptive feeding, 15 out of 30
Sprague-Dawley rats were randomly selected to
establish the HF model via intraperitoneal injection
of adriamycin (4 mg/kg), while the remaining 15
rats in normal group were intraperitoneally injected
with an equal volume of normal saline. The clinical
manifestations of all the rats were observed
regularly every day. The detailed changes were
recorded timely, and the blood and tissue samples
were collected and preserved for subsequent
experiments. A portion of cardiac tissue was used
for hematoxylin and eosin (HE) staining, and the
other portion was stored at -80°C for the
measurement of the gene and protein expression
levels. All the animal experiments were conducted
according to the clauses of Animal Protection Law
and approved by the Laboratory Animal
Committee. All the animals in this research were
fed under standard conditions and provided with
water and food at any time.

Measurement of Physiological Function Indexes
of Rat Heart

The left ventricular function of all the rats was
measured through a Philips 7500 ultrasonic
machine  (Philips  Healthcare, = Amsterdam,
Netherlands), MRI and ECG systems. Each rat to

be checked was fixed in the supine position, and
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the  electrocardiogram  examination  (probe
frequency: 10 MHz) was performed, including left
ventricular end-diastolic diameter (LVEDD), left
ventricular end-systolic diameter (LVESD), ejection
fraction (EF) and fractional shortening (FS), in
accordance with the specific instructions of the
instruments.

Detection of Biochemical Indexes of Cardiac

Function

Abnormalities of the myocardial function will
occur in the case of HF, so the detection of
myocardial function indexes such as creatine
kinase (CK), creatine (Cr) and blood urea
nitrogen (BUN) can provide an important
reference for the early diagnosis and prediction of
HF. The femoral venous blood samples were
drawn routinely, centrifuged at 4°C for 10 min
and separated to collect the serum, followed by
examination of indexes using a biochemical
analyzer.

HE Staining

The rats to be examined were killed by
dislocation at one time, and the heart was isolated
and processed with 4% paraformaldehyde at 4°C
for 48 h. Then the tissues were washed with
running  water, dehydrated in  different
concentrations of alcohol, embedded in paraffin
and routinely prepared into 4-5 pm-thick sections.
After deparaffinization, the sections were hydrated
in 95%, 90%, 80%, 75% and 50% ethanol
separately and subjected to the HE staining,
followed by observation of pathological changes in
myocardial structure under a light microscope.

Detection of Content of Inflammatory Factors

via ELISA

The serum inflammatory factors are vital
indexes of HF-induced lung injury that can
indicate the speed of injury repair, so the content of
serum inflammatory factors was measured via
ELISA in this research. The serum samples
previously collected and frozen at -80°C were
slowly thawed at 4°C and centrifuged again at a low
speed to harvest the supernatant. The ELISA kits
were applied to examine the changes in the indexes
according to the practical situations and specific
instructions.  Finally, the absorbance of the
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inflammatory factors in each group was measured
using the microplate reader.

Detection of pulmonary function-related
partial pressure of oxygen (PaO,), oxygenation
index (OI), airway resistance and lung
compliance

All the rats were given synchronized intermittent
mandatory ventilation (SIMV) by means of
tracheal intubation, so as to observe the
improvement of clinical symptoms among the
rats. The arterial PaO, and Ol in each group were
observed and recorded during the ventilation, and
then spontaneous respiration could be adopted.
After that, the negative pressure chamber of a
lung perfusion system (HSE, Germany) was
employed to perform lung perfusion and
ventilation, in which the ventilation mode was
switched to negative pressure ventilation, and the
lung compliance and airway resistance were

recorded according to the instructions of the
apparatus provided.

Real-time qPCR

TRIzol reagent (Invitrogen) was applied to
extract the total ribonucleic acid (RNA) in the
myocardial tissues of rats in each group. After
meeting the purity and concentration, the total
RNA was reversely transcribed into complementary
DNA (cDNA) strands, with attention to the use of
isopropyl alcohol. Primer amplification was
performed using a 20 pL system (2 pL of cDNA,
10 pL of Mix, 2 pL of primer and 6 pL of ddH,0,
40 cycles). Later, PCR amplification was performed
according to pre-denaturation at 95°C for 2 min,
and PCR at 94°C for 20 s, 60°C for 20 s and 72°C
for 30 s, 40 cycles in total. The primer sequences of
target genes and internal reference Bactin were
designed in accordance with those on GenBank
(Table I). The expression levels of target genes were
detected via qRT-PCR, and the mRNA expression
levels in the myocardial tissues of rats in each group
were calculated using 2424 method.

Table I

PCR primers

Target gene

Primer sequence

GAPDH

HSP27

F.

5-CAGTGCCAGCCTCGTCTCAT-3'

R: 5-AGGGCCATCCACAGTCTTC-3'

F.

5-TACCGCACCCGGTTACTTACG-3'

R.

5-TCCGGTTAACACGAGTGGTGC-3'

HSP70

F.

5-AGTGCTCTTGAGATCTCTGAG-3'

R.

S-TCATCGATCTTCAGAAGTCTC-3'

SGP130

F: 5-CAACAGCATCTTGCCTGA-3'

R: 5-GCTACTGGTCTCACTACT-3'
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Western Blotting Assay

The cardiac tissues of the rats were cut into
pieces, weighed and added with RIPA lysis buffer
(100 mg: 1 mL) for tissue homogenization. Then
the proteins were extracted, and the total protein
concentration in the myocardial tissues of rats in
each group was measured via the BCA protein assay
kit. After that, samples and gel were prepared, and
the proteins were loaded for electrophoresis,
transferred onto a membrane and sealed. Then
primary antibodies were added into the kit for
incubation overnight, and secondary antibodies
were added for incubation for 1 hour. Subsequently,
freshly prepared ECL mixture was added for image
development in a dark room, followed by treatment
of bands with software. The protein bands were
scanned and quantified using an Odyssey
membrane scanner, and the level of proteins to be
detected was corrected via GAPDH. Image Lab
software was employed to quantify the bands of
Western blotting.

Statistical Analysis

The raw data recorded during experiments were
processed by SPSS 20.0 analysis software and
subjected to  multiple  comparisons.  The
experimental results obtained were presented as
mean * standard deviation ( }%SD), and p<0.05
suggested statistically significant differences. The
histograms were plotted by means of GraphPad
Prism 7.0.

RESULTS
Detection Results of Serum CK, Cr and BUN
As shown in Table II, the content of serum CK,

Cr and BUN was increased remarkably in model
group (p<0.05).

Table I1
Changes in serum CK, Cr and BUN

Group Cr (U/L) CK (U/L) BUN (mmol/L)
Normal group 69.8+1.5 59.7+£0.5 9.12+4.12
Model group 95.3+1.2* 90.5+0.9* 23.57+1.22*

Note: The content of serum CK, Cr and BUN is increased remarkably in model group (p<0.05).

*p<0.05.

Detection Results of Rat's Cardiac Function

Indexes

According to Table III, model group had

evidently lower FS and EF but notably larger
LVEDD and LVESD than normal group (p<0.05),
indicating that the physiological functions of the
rat heart are changed.

Table III

Detection of cardiac function indexes

Group LVEDD LVESD EF (%) FS (%)
(mm) (mm)
Normal 4.08+0.86 4.8+0.28 62.0+3.4 58.1+3.5
group

Tob Regul Sci™ 2021;7(5-1): 4286-4295
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Model group 9.5+0.15 7.1+0.26 42.6+3.1 32.842.7

Note: Model group has evidently lower FS and EF but notably larger LVEDD and LVESD than normal
group, *p<0.05.

Content of Tumor Necrosis Factor-alpha The content of TNF-g MPO and MMP-9 was
(TNF-g, MPO and MMP-9 raised in model group (p<0.05) (Table IV).

Table IV
Content of TNF-g MPO and MMP-9

Group TNF-a MPO (ng/mL) MMP-9
(fmol/mL) (ng/mL)
Normal 27.4+2.1 94.5+3.1 91.245.7
group
Model group 58.8+1.4 201.9+6.4° 211.3+3.1*

Note: The content of TNF-g MPO and MMP-9 is raised in model group (p<0.05), p<0.05.

Detection Results of Pulmonary The PaO,, OI and lung compliance declined
markedly in model group (p<0.05), while the

Function-related Pao,, OI, Airway Resistance airway resistance rose obviously (p<0.05) (Table V).

and Lung Compliance

Table V

Pulmonary function-related Pao,, OI, airway resistance and lung compliance

Group PaO, (mmHg) Ol (mmHg) Lung compliance Airway resistance
(mL/cmH,0) (cmH0/mLY/s)

Normal group 120+1.5 380+2.6 0.61+0.8 0.37£0.3

Model group 85+2.1 300+3.1 0.21+0.2" 0.79+0.2

Note: The PaO,, OI and lung compliance decline markedly in model group (p<0.05), while the airway
resistance rises obviously (p<0.05). *p<0.05.

HE Staining Results

The morphological changes in the myocardial
tissues of rats in each group were detected via the
HE staining. The results (Figure 1) manifested that
the structure of the cardiomyocytes was basically
normal, with orderly arrangement of cells in
normal group (Figure A). Irregularly arranged
cardiomyocytes, thickened myocardial fibers and
infiltration of inflammatory cells were observed in

model group (Figure B).
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Figure 1

HE staining.

The structure of the cardiomyocytes is basically
normal, with orderly arrangement of cells in
normal  group  (A). Irregularly  arranged
cardiomyocytes, thickened myocardial fibers and
infiltration of inflammatory cells are observed in

model group (B).

Gene Expression Levels of HSP27, HSP70 and
SGP130 Detected via qRT-PCR

Ashown in the gene detection results (Figure 2)
that the levels of HSP27, HSP70 and SGP130
genes were elevated remarkably in model group

(p<0.05).

Figure 2
Gene expression levels of genes detected via
qRT-PCR.
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The levels of HSP27, HSP70 and SGP130
genes are elevated remarkably in model group
(p<0.05). *p<0.05.

Protein Expression Levels of HSP27, HSP70 and
SGP130 Detected via Western Blotting Assay

According to the protein detection results
(Figure 3), model group exhibited prominently
increased protein levels of HSP27, HSP70 and
SGP130 (p<0.05).

Figure 3

Results of protein detection.
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A:Western blot result. B:Quantification analysis of Western blot result.

Model group exhibits prominently increased protein levels of HSP27, HSP70 and SGP130 (p<0.05).

*p<0.05..
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DISCUSSION

The fairly high incidence and death rates of HF
have brought huge clinical and economic burdens
to both the patients and the medical system.
Pulmonary edema is the most common
complication and the primary cause of HE HF
complicated with pulmonary edema is associated
with the heart, kidney and liver injuries in addition
to the harmful effects on quality of life, thus
promoting the development of the disease[18].
Therefore, understanding the mechanism of HF
complicated with pulmonary edema can not only
relieve the symptoms rapidly but also ameliorate
the prognosis. In this research, a series of indexes
were measured by establishing the rat model of HF,
hoping to verify the changes in HSP27, HSP70
and SGP expressions in HF rats complicated with
pulmonary edema and their potential correlations
with  the cardiopulmonary functions. The
examination of blood biochemical indexes
indicated that content of serum CK, Cr and BUN
was increased remarkably in model group. The
detection of cardiac function revealed that FS and
EF in model group were evidently lower than those
in normal group, but LVEDD and LVESD were
notably larger than those in normal group,
suggesting that the physiological functions of the
rat heart are altered. The detection of pulmonary
function indexes manifested that the PaO,, OI and
lung compliance were reduced markedly in model

roup, while the airway resistance was raised
obviously. In addition, the HE staining was applied
to determine the morphological changes in the
myocardial tissues of rats in each group, and it was
displayed that model group had disorderly arranged
cardiomyocytes, thickened myocardial fibers and
infiltration of inflammatory cells. All these results
illustrate that the cardiac and pulmonary functions
of the HF rats complicated with pulmonary edema
are changed apparently, which indicate the further
occurrence and development of the disease, similar
to those in previous studies[19,20].

HSP27 and HSP70, most frequently studied
members of the HSP family, can respond to a
variety of pathological conditions, including
ischemia and HF-induced injury[21]. These HSPs
have been gradually considered as the ideal
biomarkers, in which HSP27 is mainly
up-regulated by astrocytes, while HSP70 can be
involved in protein folding and other processes[22].
SGP130 has important value for the diagnosis of
HEF, and it is a common receptor of inflammatory
signal transduction which has been considered to
participate in the inflammatory responses during

the progression of HE. The increased SGP130 level

Tob Regul Sci™ 2021;7(5-1): 4286-4295

is correlated with the overall mortality and
cardiovascular mortality of CHE Some studies have
discovered that the SGP130 level is elevated
obviously in the case of HF[23,24], but the specific
influences of HSP27 and HSP70 expressions on
the cardiopulmonary functions in HF have not
been systematically reported, which need to be
further studied. MPO is mainly distributed in the
neutrophils, and massive MPO exists in the
cytoplasmic granules, so the raised MPO content in
tissues predicts the increased number of neutrophils,
whose  excessive accumulation  will  trigger
inflammations. Therefore, MPO can serve as an
inflammation predictor[25]. MMP-9 plays pivotal
roles in the degradation of extracellular matrix and
the destruction of proteolytic enzyme, in which the
proteolytic ~ enzyme  is  stimulated by
pro-inflammatory cytokines and able to promote
the production of more inflammatory factors. TNF
can also stimulate the overproduction of other
inflammatory mediators. According to the results in
this research, the levels of TNF-¢ MPO and
MMP-9 were elevated in model group, implying
that the increases in TNE MPO and MMP levels
will further advance the development of HE
exacerbating the inflammatory responses. The gene
and protein detection results revealed that the gene
and protein levels of HSP27, HSP70 and SGP130
were increased evidently in model group, which are
similar to the findings of XX et al[26,27]. Those
results manifest that the HF rats complicated with
pulmonary edema have cardiac and pulmonary
dysfunctions, and the occurrence and development
of cardiac and pulmonary dysfunctions will be
further promoted by the high expressions of
HSP27, HSP70 and SGP130.

In conclusion, HSP27, HSP70 and SGP130 are
highly expressed in HF rats, thus accelerating the
occurrence and development of cardiac and
pulmonary dysfunctions. This research provides a
theoretical basis for the prevention and treatment
of HE In subsequent studies, the specific
mechanisms of action of these factors can be
explored using more molecular techniques.

FUNDING

The study was funded by Shanghai Pudong
Municipal Health Commission Health Research
Project. Project Number: PW2018B-06; Shanghai
Pudong Hospital Foundation. Project Number:
YJ2017-03; Shanghai Pudong Health System Key
Discipline Construction Plan. Project Number:

PWZxk2017-20.

4293



Yan Tan et al.

Changes in Expressions of HSP27, HSP70 and Soluble Glycoprotein in Heart Failure Rats Complicated with Pulmonary Edema

and Correlations with Cardiopulmonary Functions
AVAILABILITY OF DATA
MATERIALS

AND

The datasets used and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

AUTHORS' CONTRIBUTIONS

YT wrote the manuscript. YI' and BG were
responsible for establishment of animal model. DG
and SW performed ELISA. YT and ZW helped
with PCR.All authors read and approved the final

manuscript.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

The study was approved by the ethics
committee of Shanghai Pudong Hospital, Fudan
University Pudong Medical Center.

COMPETING INTERESTS

The authors declare that they have no
competing interests
REFERENCES
1. Bui AL, Horwich TB and Fonarow GC:

Epidemiology and risk profile of heart failure. Nat
Rev Cardiol 8: 30-41, 2011.

2.  Roger VL: Epidemiology of heart failure. Circ Res
113: 646-659, 2013.

3. Ambrosy AP, Fonarow GC, Butler J, Chioncel O,
Greene SJ, Vaduganathan M, Nodari S, Lam CSP,
Sato N, Shah AN, et al: The global health and
economic burden of hospitalizations for heart failure:
lessons learned from hospitalized heart failure

registries. ] Am Coll Cardiol 63: 1123-1133, 2014.

4. Berthiaume Y and Macthay MA: Alveolar edema
fluid clearance and acute lung injury. Respir Physiol

Neurobiol 159: 350-359, 2007.

5. Metra M, Cotter G, Davison BA, Felker GM,
Filippatos G, Greenberg BH, Ponikowski P, Unemori
E, Voors AA, Adams KE Jr., et al: Effect of serelaxin
on cardiac, renal, and hepatic biomarkers in the
Relaxin in Acute Heart Failure (RELAX-AHF)
development program: correlation with outcomes. ]

Am Coll Cardiol 61: 196-206, 2013.

6. Colombo PC, Ganda A, Lin J, Onat D, Harxhi A,
Iyasere JE, Uriel N and Cotter G: Inflammatory
activation:  cardiac, renal, and cardio-renal

interactions in patients with the cardiorenal

Tob Regul Sci™ 2021;7(5-1): 4286-4295

10.

11.

12.

13.

14.

15.

16.

syndrome. Heart Fail Rev 17: 177-190, 2012.

McMaster WG, Kirabo A, Madhur MS and Harrison
DG: Inflammation, immunity, and hypertensive
end-organ damage. Circ Res 116: 1022-1033, 2015.

Alraies MC, AlJaroudi W, Shabrang C,
Yarmohammadi H, Klein AL and Tamarappoo BK:
Clinical features associated with adverse events in
with  post-pericardiotomy

following cardiac surgery. Am ] Cardiol
1426-1430, 2014.

patients syndrome

114:

Peschel T, Schonauer M, Thiele H, Anker SD,
Schuler G and Niebauer J: Invasive assessment of
bacterial endotoxin and inflammatory cytokines in
patients with acute heart failure. Eur ] Heart Fail 5:

609-614, 2003.

Franklin TB, Krueger-Naug AM, Clarke DB, Arrigo
AP and Currie RW: The role of heat shock proteins
Hsp70 and Hsp27 in cellular protection of the
central nervous system. Int ] Hyperthermia 21:

379-392, 2005.

Hecker JG and McGarvey M: Heat shock proteins as
biomarkers for the rapid detection of brain and
spinal cord ischemia: a review and comparison to
other methods of detection in thoracic aneurysm
repair. Cell Stress Chaperones 16: 119-131, 2011.

Kawashima D, Asai M, Katagiri K, Takeuchi R and
Ohtsuka K: Reinvestigation of the effect of
carbenoxolone on the induction of heat shock

proteins. Cell Stress Chaperones 14: 535-543, 2009.

Kotoglou P, Kalaitzakis A, Vezyraki P, Tzavaras T,
Michalis LK, Dantzer F, Jung JU and Angelidis C:
Hsp70 translocates to the nuclei and nucleoli, binds
to XRCC1 and PARP-1, and protects HeLa cells
from single-strand DNA  breaks. Cell
Chaperones 14: 391-406, 2009.

Stress

Arakawa A, Handa N, Ohsawa N, Shida M, Kigawa
T, Hayashi F, Shirouzu M and Yokoyama S: The
C-terminal BAG domain of BAG5 induces
conformational ~ changes of  the Hsp70
nucleotide-binding domain for ADP-ATP exchange.
Structure 18: 309-319, 2010.

Naka KK, Vezyraki P, Kalaitzakis A, Zerikiotis S,
Michalis L and Angelidis C: Hsp70 regulates the
doxorubicin-mediated heart failure in
Hsp70-transgenic mice. Cell Stress Chaperones 19:
853-864, 2014.

Turturici G, Sconzo G and Geraci F: Hsp70 and its

molecular role in nervous system diseases. Biochem
Res Int 2011: 618127, 2011.

4294



Yan Tan et al.
Changes in Expressions of HSP27, HSP70 and Soluble Glycoprotein in Heart Failure Rats Complicated with Pulmonary Edema

and Correlations with Cardiopulmonary Functions

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Blagosklonny MYV: Re: Role of the heat shock
response and molecular chaperones in oncogenesis

and cell death. J Nat Cancer Inst 93: 239-240, 2001.

X, Teboul JL and Richard C:
Cardiopulmonary interactions in patients with heart
failure. Curr Opin Crit Care 13: 6-11, 2007.

Monnet

Doenst T, Pytel G, Schrepper A, Amorim P, Farber G,
Shingu Y, Mohr FW and Schwarzer M: Decreased
rates of substrate oxidation ex vivo predict the onset
of heart failure and contractile dysfunction in rats
with pressure overload. Cardiovasc Res 86: 461-470,
2010.

Thorneloe KS, Cheung M, Bao W, Alsaid H,
Lenhard S, Jian MY, Costell M, Maniscalco-Hauk K,
Krawiec JA, Olzinski A, et al: An orally active
TRPV4 channel blocker prevents and resolves
pulmonary edema induced by heart failure. Sci Transl
Med 4: 159ral48, 2012.

Wang X, Chen M, Zhou ] and Zhang X: HSP27, 70
and 90, anti-apoptotic proteins, in clinical cancer
therapy (Review). Int J Oncol 45: 18-30, 2014.

Bauer K, Nitsche U, Slotta-Huspenina J, Drecoll E,
von Weyhern CH, Rosenberg R, Hofler H and
Langer R: High HSP27 and HSP70 expression levels
are independent adverse prognostic factors in
primary resected colon cancer. Cell Oncol (Dordr)
35: 197-205, 2012.

Askevold ET, Gullestad L, Dahl CP, Yndestad A,
Ueland T and Aukrust P: Interleukin-6 signaling,
soluble glycoprotein 130, and inflammatcion in heart
failure. Curr Heart Fail Rep 11: 146-155, 2014.

Liu S, Iskandar R, Chen W, Zhang ], Wang Y, Chen
X and Xiang F: Soluble Glycoprotein 130 and Heat
Shock Protein 27 as Novel Candidate Biomarkers of
Chronic Heart Failure with Preserved Ejection
Fraction. Heart Lung Circ 25: 1000-1006, 2016.

Li S, Bao HG, Han L, Liu L and Wang X: Effects of
adiponectin on mortality and its mechanism in a
sepsis mouse model. ] Invest Surg 25: 214-219,
2012.

Khoury EE, Kinaneh S, Aronson D, Amir O,
Ghanim D, Volinsky N, Azzam Z and Abassi Z:
Natriuretic peptides system in the pulmonary tissue
of rats with heart failure: potential involvement in
lung edema and inflammation. Oncotarget 9:
21715-21730, 2018.

Zerikiotis S, Angelidis C, Dhima I, Naka KK,
Kasioumi P, Kalfakakou V, Peschos D and Vezyraki P:
The increased expression of the inducible Hsp70

Tob Regul Sci™ 2021;7(5-1): 4286-4295

(HSP70A1A) in serum of patients with heart failure
and its protective effect against the cardiotoxic agent
doxorubicin. Mol Cell Biochem 455: 41-59, 2019.

4295



