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Abstract. - OBJECTIVE: To observe the role
of survivin in the heart failure mice model and
to study its mechanism.

MATERIALS AND METHODS: 20 male C57BL/
6J mice were selected and randomly divided into
two groups: normal group (n=10) and heart fail-
ure group (n=10). After continuous modeling, the
cardiac functions of mice in the two groups were
detected via ultrasonic cardiogram equipment.
The pathological conditions of hearts in the two
groups were detected via hematoxylin and eosin
(HE) staining. The expressions of survivin in heart
tissues in both groups were detected via immuno-
fluorescence method. The mRNA expressions of
tumor necrosis factor-a (TNF-0), factor associated
suicide (Fas) and factor associated suicide ligand
(FasL) were detected via reverse transcription
polymerase chain reaction (RT-PCR). The expres-
sions of survivin in heart tissues of two groups
were detected via Western blotting.

RESULTS: Ultrasonic cardiogram showed that
the myocardial motion amplitude of mice in
heart failure group was significantly decreased
compared with that in normal group. HE stain-
ing further revealed the pathological conditions
in heart failure group. RT-PCR showed that the
mRNA expressions of TNF-a, Fas and FasL in
heart failure group were significantly higher
than those in normal group. Immunofluores-
cence and Western blotting showed that the
expression of survivin in heart failure group was
significantly higher than that in normal group.

CONCLUSIONS: Survivin expression is closely
related to the occurrence and development of heart
failure, indicating that survivin has an important
value in the research on heart failure and the mech-
anism is related to inflammation and apoptosis.
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Introduction

Survivin is a member of anti-apoptosis protein
family in cells, which has the anti-apoptosis ef-
fect'?. Heart failure refers to the cardiac systolic
and diastolic dysfunction caused by different
reasons, so the blood pumped out of the heart
cannot meet the requirement of tissues when the
circulating blood volume and vasomotor function
are normal, or can only meet the requirement of
metabolism when the ventricular filling pressure
increases’”. Heart failure is a kind of clinical
syndrome with many characteristics, seriously
affecting the human life. Therefore, the study on
the pathogenesis and mechanism of heart failure
has been the focus of cardiovascular disease®’.
So far, the pathogenesis of heart failure has not
been clarified yet. In recent years, survivin, an
anti-apoptosis protein, has been found to be clo-
sely related to the formation and development
of heart failure®. In this experimental study, ul-
trasonic cardiogram and hematoxylin and eosin
(HE) staining were used to detect the cardiac
function and pathology of normal heart tissues
and heart failure tissues. The mRNA and protein
expressions of survivin in normal tissues and
heart failure tissues, and also the relationship
with inflammatory factors and apoptosis factors,
were detected via reverse transcription polymera-
se chain reaction (RT-PCR), immunofluorescent
staining and Western blotting, so as to investigate
the expression differences of survivin in normal
tissues and heart failure tissues and discuss roles
and mechanisms of survivin in normal tissues
and heart failure tissues, providing new ideas and
directions for the genetic diagnosis and treatment
of heart failure.
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Materials and Methods

Establishment of Heart Failure Mice Model

A total of 20 male C57BL/6J mice aged 4 we-
eks weighing 2042 g was selected and randomly
divided into normal group (n=10) and heart failu-
re group (n=10). This study was approved by the
Animal Ethics Committee of Sichuan University
Animal Center. Mice in adriamycin group were
treated with intraperitoneal injection of doxoru-
bicin hydrochloride for heart failure modeling,
and the cumulative dose of doxorubicin was 22
mg/kg. Mice in normal group were treated with
intraperitoneal injection of the same volume of
normal saline. Mice in the two groups were fed
normally and then ultrasonic cardiogram was
used to detect the cardiac functions of mice, fol-
lowed by data analysis.

Main Reagents

Doxorubicin hydrochloride (Pfizer, New York,
NY, USA); bicinchoninic acid (BCA) protein
quantification kit (Beyotime, Shanghai, China);
Trizol total RNA extraction kit (Tiangen, Beijing,
China); RT-PCR reverse transcription kit (Tian-
gen, Beijing, China); anti-B-Actin, anti-survivin
monoclonal antibodies and immunofluorescence
secondary antibodies (CST, Boston, MA, USA).

Ultrasonic Cardiogram

Under the half-dose anesthesia, the sponta-
neous breathing of mice was maintained. The
two-dimensional images of left ventricle were
collected using the ultrasonic cardiogram equi-
pment on the short-axis section of parasternal
papillary muscles. The two-dimension-guided
M-mode ultrasonic cardiogram of 10 cardiac
cycles was obtained.

Histopathological and
Immunofiuorescent Staining

The heart tissues of normal group and heart
failure group were fixed with 10% formaldehyde
for 48 h, embedded in paraffin and then prepared
into 5 pum-thick sections. One part was used for
HE histopathological staining, while the other
part was used for survivin immunofluorescent
staining. Paraffin sections were dewaxed using
xylene and dehydrated using alcohol in gradient
concentration, followed by antigen retrieval.
Sections were washed with 0.01 M phosphate
buffered saline (PBS) (pH7.4) for 3 times (5 min/
time). Then, the sections were sealed in 10% bo-
vine serum albumin (BSA) wet box for 30 min at
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37°C. The appropriately-diluted fluorescence-la-
beled antibodies (1:70) were dropped onto the
sections, which were placed in the wet box for
incubation overnight at 4°C. After sections were
washed with phosphate buffered saline (PBS)
(pH7.4) for 3 times (5 min/time), the fluorescen-
ce secondary antibodies (diluted at 1:100) were
dropped in a dark place for incubation in the wet
box at 37°C for 2 h. Finally, sections were sealed
via buffered glycerol, followed by observation
and photography under upright fluorescence mi-
croscope.

Real-Time PCR Analysis

An appropriate number of heart tissues in nor-
mal group and heart failure group were immedia-
tely transferred into 1 mL Trizol reagent for full
tissue grinding to prepare them into homogenate.
The homogenate was placed at room temperature
for 5 min and centrifuged at 12000 g at 4°C for
5 min; then, the supernatant was carefully remo-
ved. Chloroform was added to the supernatant,
the solution was mixed uniformly, placed at room
temperature for 5 min and centrifuged at 12000 g
at 4°C for 15 min; next, the supernatant was re-
moved. The same volume of isopropanol was then
added to the supernatant; the solution was placed
at room temperature for 10 min, and centrifuged
at 12000 g at 4°C for 10 min. The precipitate was
taken out and added to 75% ethanol used to wash
the RNA precipitate. Finally, RNase-free Water
was added to dissolve the precipitate completely.
Next, the OD,, /0D, ratio was determined and
the RNA concentration was detected. Finally, the
stepwise amplification was performed based on
the primer sequence template shown in Table I
according to the instructions, and the reaction
products received the RT-PCR analysis.

Western Blotting

The heart tissues collected in normal group
and heart failure group were washed with ice
normal saline. According to the instructions of

Table I. RT-PCR primer sequence of Survivin and B-actin
mRNA.

Gene Primer
name sequence
Survivin 5'-3' CCACTACGCATCGCATTCCA
3-5' CTTTCTCAAGGACCACCGCATCTC
B-actin 5-3' GAGCCGGGAAATCGTGCGT
3.5 GGAAGGAAGGCTGGAAGATG
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the whole protein extraction kit, immunoprecipi-
tation (IP) lysis buffer [containing phenylmethyl-
sulfonyl fluoride (PMSF) and protease inhibitors]
was added for full tissue grinding to prepare it
into tissue homogenate. Then, the tissue homo-
genate was centrifuged at 12000 g at 4°C for
10 min, and the supernatant was removed. The
supernatant was centrifuged at 12000 g at 4°C
for 20 min, and the supernatant was removed
again. Protein quantification was performed ac-
cording to the instructions of protein kit, and the
protein sample containing the same amount of
total protein was added to each well for loading,
followed by sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE) under the
constant voltage of 220 V until the bromophenol
blue reached the bottom of gel. According to the
molecular weight of target protein, the gel was cut
and the isolated protein was transferred onto the
polyvinylidene fluoride (PVDF) membrane. The
protein-coated PVDF membrane was sealed by
5% skim milk powder at room temperature for 3
h on the shaking table. Then, the corresponding
primary antibodies (1:1000) were added for incu-
bation at 4°C overnight. On the next day, after the
membrane was washed with tween tris buffered
saline (TTBS) fully (10 min/time, 3 times), the
secondary antibodies (1:2000) were added for
incubation at room temperature for 1 h. After
the membrane was washed with TTBS (10 min/
time, 3 times), electrochemiluminescence (ECL)
developing solution was dropped for color deve-
lopment and photography.

Statistical Analysis

The experimental data were presented as me-
an = standard deviation (mean = SD). The expe-
rimental results were analyzed using Statistical
Product and Service Solutions (SPSS) 17.0 stati-
stical software (Version X; IBM, Armonk, NY,
USA). t-test was used for the comparison of means
between the two groups, while one-way analysis
of variance (ANOVA) was used for the compa-
rison between groups followed by Post-Hoc Test
(Least Significant Difference). p-test was used for
pairwise comparison; p<0.05 suggested that the
difference was statistically significant.

Results
Clinical and Ultrasound Results of Mice

At the end of the 10" week of experiment, mi-
ce in normal group had good grown, but 2 mice

Table II. Clinical and ultrasound results of mice.

Item Normal Heart failure
group group

SHW/BW 0.48+0.12 0.46+0.04
LVDd (mm) 2.88+0.42 3.18+0.53
LVDs (mm) 1.88+0.26 2.38+0.46
IVSd (mm) 0.68+0.06 0.68+0.06
LVPWd (mm) 0.77+0.06 0.81+0.16
LVEDV (ml) 40.91+16.11 49.66+18.92
LVESV (ml) 11.41+4.45 20.11+£8.99
LVEF (%) 72.11+3.88 59.52+5.13
FS (%) 34.17+2.88 26.17+£3.32
LV mass (mg) 61.33+14.21 81.664+35.93
LV mass/BW 2.24+0.55 3.5241.62

in heart failure group died, and the weights of 8
mice survived were significantly decreased com-
pared with those in normal group (p<0.01), and
the difference was statistically significant. The
heart weight/body weight (HW/BW) ratios of
mice in the two groups had no significant changes
(Table II). The cardiac function indexes of mice
were detected via the ultrasonic cardiogram and
it showed that after the many-time intraperitoneal
injection of small-dose doxorubicin, the myocar-
dial motion amplitude of mice in heart failure
group was significantly decreased compared with
that in normal group.

Observation of Pathological
Situations Via H&E Staining

HE stained sections of heart tissues in normal
group and heart failure group were used to study
the pathological differences of samples. Compa-
red with the normal tissue sections, the volume of
myocardial cells was increased, myocardial fiber
proliferation occurred and the sizes of myocardial
nuclei were different in sections of heart failure
group (Figure 1). Some myocardial nuclei were
large and stained deeply and there were many
vacuoles near the nuclei in heart failure group.

Detection of Survivin Expression
Via Immunofluorescence Method

Survivin was rarely expressed in normal tis-
sues, but highly expressed in heart failure tissues
(Figure 2). This result revealed that survivin
plays an important role in the occurrence and
development of heart failure.

RT-PCR Results

Total RNA was extracted from the normal
tissue and heart failure tissue samples. RT-PCR
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Normal group

Hea

Figure 1. HE staining
results of heart tissues
in normal group (A) and
heart failure group (B)
(x200).

rt failure group

Normal group

Heart failure group

Figure 2. Expressions
of survivin in heart tis-
sues in normal group
and heart failure group
(x200).

showed that the expressions of necrosis factor-a
(TNF-a), factor associated suicide (Fas) and fac-
tor associated suicide ligand (FasL) in heart fai-
lure tissues, were significantly higher than those
in normal tissues (Figure 3). The overexpression
of inflammatory factors and apoptosis factors in
the pathogenetic process of heart failure lead to
severe inflammation and apoptosis.

Protein Expressions of Survivin in
Normal Tissues and Heart Failure Tissues

Western blotting showed the protein expres-
sions of survivin in normal tissues and heart
failure tissues. The protein expression of survi-
vin in heart tissues of heart failure group was
significantly higher than that in normal tissue
(Figure 4).
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Figure 3. Gene expressions of TNF-a, Fas and FasL in normal tissues and heart failure tissues. Compared with normal group, *

p<0.05, ** p<0.01 (n=3).
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Figure 4. Protein expres-
sions of survivin in normal tis-
sues and heart failure tissues.
Compared with normal group,
*p<0.05, ** p<0.01 (n=3).
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Discussion

Heart failure is a kind of very complex clinical
symptoms caused by ventricular filling or ejection
impairment due to the cardiac structural or fun-
ctional diseases’. Heart failure is the most common
outcome of the development of acute or chronic
myocardial injury'’. For a long time, the heart failu-
re has deeply been studied. So far, people have had
a deep understanding of the pathogenesis, patho-
logical and physiological mechanisms and clinical
prevention and treatment of heart failure''. Sur-
vivin is a member of anti-apoptosis protein family
with a variety of important biological functions
and specific tissue expression profiles, which has
rapidly attracted attention in the research field in
recent years'*!"*. As a new member of anti-apop-
tosis protein family's, survivin has become a new
tumor molecular marker for clinical diagnosis of
tumors so far'®'®. Studies have found that survivin
moves from the cytoplasm to the nucleus in the
embryonic phase, which can initiate cells into the
cell cycle, thereby inhibiting the apoptosis'®*. So
survivin is conducive to the normal development
of histiocytes. In this study, 20 male C57BL/6J
mice were selected and randomly divided into two
groups: normal group and heart failure group. Ul-
trasonic cardiogram equipment was used to detect
the cardiac functions of mice in the two groups.
Ultrasonic cardiogram showed that the myocardial
motion amplitude of mice in heart failure group
was significantly decreased compared with that
in normal group. HE histopathological staining
showed the pathological changes in heart failure
tissues very intuitively. The mRNA expression of
TNF-a (a kind of common inflammatory factor),
Fas and FasL (apoptotic bodies), were detected
via RT-PCR. The experimental results showed the
inflammation and aggregation of apoptotic bodies

in heart failure group. Immunofluorescence and
Western blotting showed that the expression of
survivin in heart failure tissues was high, which
was significantly higher than that in normal tis-
sues.

Conclusions

The abnormal expression of survivin expres-
sion is closely related to the occurrence and deve-
lopment of heart failure, indicating that survivin
has an important value in the research on heart
failure and the mechanism is related to inflam-
mation and apoptosis. This study deepened the
understanding of the molecular mechanism of
survivin in heart failure. Survivin, as a target mo-
lecule, can provide a new direction and scientific
guidance for the treatment of heart failure, hema-
topoiesis regulation and organ transplantation.
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