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Internal associations and dynamic expression of c-kit and nanog
genes in ventricular remodelling induced by adriamycin
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Abstract. The present study aimed to investigate the dynamic
expression of the c-kit and nanog genes in rats with left ventric-
ular remodelling induced by adriamycin (ADR), and explore its
internal association and mechanism of action. Sprague-Dawley
male rats were randomly divided into a normal control group
and a heart failure model group. Heart failure was induced by
a single intraperitoneal injection of ADR (4 mg/kg) weekly for
six weeks. The normal control group was given the same amount
of saline. At the eighth week, rat cardiac function was examined
to demonstrate the formation of heart failure. The rat hearts were
harvested frozen and sectioned, and the expression levels of the
nanog and c-kit genes in the myocardial tissue samples were
detected using immunohistochemistry, immunofluorescence
and reverse transcription-polymerase chain reaction (RT-PCR).
Hematoxylin and eosin staining demonstrated various patho-
logical changes in the myocardial cells in the heart failure
model group, whereas myocardial infarction was not observed
in the normal control group. Immunohistochemistry and immu-
nofluorescence demonstrated that nanog-positive cells were
predominantly expressed in the vascular endothelium, with a
few myocardial cells and stem cells in normal myocardium.
The expression levels of c-kit and nanog in the myocardium of
the rats with heart failure decreased significantly. c-kit-positive
cells clustered together in the epicardium and its vicinity, and
c-kit expression significantly decreased in the myocardium of
rats with heart failure, as compared with normal rats. In both
groups, some cells co-expressed both the c-kit and nanog genes.
The RT-PCR results demonstrated that the expression levels of
the two genes in the heart failure model group were significantly
lower compared with those in the normal control group (P<0.05).
In conclusion, the c-kit- and nanog-positive stem cells decreased
in the myocardium of the rats with left ventricular remodelling
induced by ADR. Their abnormal expression was significantly
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correlated with left ventricular remodelling, thereby indicating
an internal association (influences of two indexes in the experi-
mental group and control group) between them.

Introduction

Acute myocardial infarction (AMI) is a costly cardiovascular
disease with a high mortality rate (1). The average hospitaliza-
tion costs are high (2). Furthermore, the morbidity, disability
and mortality of heart failure following myocardial infarction
severely affects the quality of life of the patient and community
health care resources. Therefore, measures that can effectively
hinder the damage associated with heart failure are important.
AMI is the predominant cause of myocardial infarction, and
left ventricular remodelling (LVM) occurs at a later stage (3).
LVM refers to the pathological changes in the immune activa-
tion state of the body caused by large amounts of cytokines
secreted by myocardial cells, under the influence of injury,
ventricular wall stress, oxidative stress and partial activation of
the neuroendocrine system, which induces myocardial collagen
deposition and changes in collagen type and collagen degrada-
tion (4). Recent studies on LVM reported the presence of stem
cells in the myocardium, which have the ability to differentiate
into various cells (5,6). A small number of stem cells are able
to express c-kit and nanog surface markers. These cardiac stem
cells can differentiate are able to cardiomyocytes both in vitro
and in vivo (7), and cardiac stem cells have been suggested to
provide inherent damage repair and reserve ability in myocar-
dial cells. However, analyses on the expression of cardiac stem
cells, as well as the regenerative capacity of the myocardium
and cardiac-associated factors in ventricular remodelling are
limited (8,9). Furthermore, whether the number of myocardial
stem cells increase or decrease subsequent to heart failure, and
whether myocardial regeneration is enhanced or diminished
remains to be elucidated. The present study established a
theoretical basis for potential myocardial regeneration and gene
therapy following heart failure by examining the pathological
changes and dynamic expression of c-kit- and nanog-positive
stem cells.

Materials and methods

Animal groups. A total of 40 Sprague-Dawley male rats,
weighing 230-250+2.5 g, were provided by the Animal Centre
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of the Xinxiang Medial University (Xinxiang, China). The
rats were randomly divided into a normal control (CON)
group (n=15) and a heart failure model group (n=25). The
present study was performed in strict accordance with the
recommendations in the eighth edition 2010 Guide for the
Care and Use of Laboratory Animals of the National Institutes
of Health (10,11). The animal use protocol was reviewed and
approved by the Institutional Animal Care and Use Committee
of the Xinxiang Central Hospital (Xinxiang, China).

Heart failure model. Rats in the heart failure group were
intraperitoneally administered with 4 mg/kg adriamycin
(ADR; Sangon Biotech Co., Ltd., Shanghai, China) weekly
for six weeks. Rats in the CON group were given the equiva-
lent amount of saline. After eight weeks, both groups were
subjected to echocardiography using an ACUSON SC2000
(Siemens AG, Munich, Germany), with left ventricular ejection
fraction (LVEF) <45% being the criterion of heart failure (12).

Material collection. The rats identified to have successfully
developed heart failure following treatment with ADR were
anesthetized using 10% chloral hydrate (0.3 ml/100 g [lethal
dose); Sangon Biotech Co.,Ltd.] and then immediately subjected
to thoracotomy. The rat hearts were rapidly eviscerated, and
residual blood was removed using ice-cold phosphate-buffered
saline (PBS) buffer. The large blood vessels and surrounding
tissues were removed with scissors. Approximately one half of
the hearts were packed in cryogenic vials (Dingguo Chang-
sheng Biotechnology Co., Ltd., Beijing, China), rapidly frozen
with liquid nitrogen and transferred to a -80°C refrigerator.
The remaining half was placed in 4% paraformaldehyde
(Sangon Biotech Co., Ltd.) for fixation for 12 h, followed by
gradient dehydration with 20 and 30% sucrose (myocardial
cells can sink to the bottom) purchased from Sangon Biotech
Co., Ltd. Tissue sections (thickness, 10 m using a microtome
from Dingguo Changsheng Biotechnology Co., Ltd.) were
frozen using a cryostat frozen section machine (CM1900;
Leica Microsystems GmbH, Wetzlar, Germany), and used for
masson staining (cat no. HT15-1KT; Sigma-Aldrich, St. Louis,
MO, USA) at 37°C for 30 min, immunohistochemistry and
immunofluorescence.

Immunohistochemistry. The frozen tissue sections were heated
in an oven for 30 min at 37°C, washed three times with PBS for
5 min each time, maintained for 15 min in 0.3% Triton-X-100
PBS liquid and soaked in a mixture of 30% hydrogen peroxide
and methanol (1:50 ratios) all Sangon Biotech Co., Ltd) for
30 min to block endogenous peroxidase activity. The tissue
sections were treated at room temperature for 20 min with goat
serum (Sijiqing, Hangzhou, China) containing rabbit anti-rat
nanog polyclonal antibody (1:200; cat no. sc-376915; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) and mouse anti-rat c-kit
monoclonal antibody (1:100; cat no. sc-17806; Santa Cruz
Biotechnology, Inc.). The serum was subsequently centrifuged
at 5,000 x g for 3 min at 37°C. The tissue sections were incu-
bated overnight at 4°C in a wet box (Dingguo Changsheng
Biotechnology Co., Ltd.) and then rewarmed for 30 min at room
temperature. The tissue sections were treated with reagent B,
incubated for 15 min at 37°C, washed three times with PBS for
5 min each time, treated with reagent C (both reagents purchased
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from Dingguo Changsheng Biotechnology Co., Ltd.), incu-
bated for 15 min at 37°C and washed three times with PBS for
5 min each time. The sections were then treated with diami-
nobenzidine (Sangon Biotech Co., Ltd.) at room temperature,
thoroughly rinsed with distilled water and counterstained in
hematoxylin (Sangon Biotech Co., Ltd.). Images were captured
using an Olympus AX80 (Olympus Corporation, Tokyo, Japan)
following dehydration by gradient elution using ethanol, and
neutral gum mounting (Sangon Biotech Co., Ltd.). The CON
group was performed by a dilution of primary antibody instead
of primary antibody during immunohistochemistry.

Immunofluorescence. Frozen tissue sections were heated in an
oven for 30 min at 37°C. Following three washes with PBS for
5 min each time, the sections were maintained for 15 min in
0.3% Triton-X-100 PBS liquid, treated at room temperature for
20 min with goat serum containing the rabbit anti-rat nanog
polyclonal antibody (1:200) and the mouse anti-rat c-kit mono-
clonal antibody (1:100), and incubated overnight at 4°C in a
wet box. The tissue sections were subsequently rewarmed for
20 min at room temperature in buffer (Sangon Biotech Co.,
Ltd.) containing cyanine 3-labelled goat anti-rabbit (1:200;
cat no. A0516; Beyotime Institute of Biotechnology, Haimen,
China) and fluorescein isothiocyanate-labelled goat anti-mouse
(1:100; cat no. PO196; Beyotime Institute of Biotechnology,
Shanghai, China), and incubated for 1 h at 37°C. The nuclei
were counterstained in DAPI (Sangon Biotech Co., Ltd.) for
5 min. The tissue sections were then mounted with antifade
mounting medium (Dingguo Changsheng Biotechnology
Co., Ltd.), and observed under a fluorescence microscope
(Olympus AX80; Olympus Corporation). The CON group
was performed by a dilution of primary antibody instead of
primary antibody during immunohistochemistry.

Reverse transcription-polymerase chain reaction. Refriger-
ated myocardial tissue samples (200 mg) were obtained from
the same site of heart tissues cut in both groups and then homog-
enized (LM12-XSB-88; Xihuayi, Beijing, China) with liquid
nitrogen. This process was conducted in strict accordance with
the manufacturer's protocol in Reverse Transcription kit (cat
no. RRO36A; Takara Biotechnology Co., Ltd., Dalian, China).
Thermocycling conditions included preliminary denaturation
at 95°C for 2 min, 35 cycles each involving denaturation at
95°C for 30 sec, annealing at 60°C for 30 sec, extension at
72°C for 3 min. Gel electrophoresis (Tocan, Shanghai, China).
Total RNA Extraction kit (Takara Biotechnology Co., Ltd.)
was used for RNA extraction (50 pg total RNA was extracted).
Target gene and reference gene primers (Sangon Biotech
Co., Ltd.) were as follows: c-kit forward, 5'-CTAGCCAGA
GACATCAGGA-3', and reverse, 5'-CCATAGGACCAGACA
TCAC-3'"; nanog forward, 5'-AGAAGATGCGGACTGTGT
TC-3', and reverse, 5-GCTCAGGTTCAGAATGGTAGA-3";
and GAPDH forward, 5~ ATGACTCTACCCACGGCAAG-3',
and reverse, 5“TACTCAGCACCAGCATCACC-3'". The results
were observed and analyzed using a Tocan 820 gel imaging
system (Tocan), which was based on the integrated absorbance
value. c-kit/GAPDH and nanog/GAPDH refer to the relative
expression levels of c-kit and nanog mRNA, respectively. The
results were based on the integrated absorbance value, and the
2-44¢4 method was used for quantification of the results (13).
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Table I. Echocardiographic indices of cardiac function of the rats in both the ADR and CON groups at the end of the eighth week
of treatment with ADR (results are expressed as means + standard deviation).

Group LVDD (mm) LVSD (mm) LVEF (%) LVES (%)
CON (n=15) 3.972+1.463 2.102+1.421 70.94+1.126 34.94+1.122
ADR (n=30) 6.726+0.523" 5.73+0.610* 34.64+9.105° 14.76£3.595*

“P<0.05, vs. the control group. CON, control; ADR, adriamycin; LVDD, left ventricular diastolic diameter; LVSD, left ventricular systolic
diameter; LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional shortening.

Figure 1. M-type ultrasound of rat hearts from the normal control group and the heart failure model group. (A) Left ventricular ejection fraction of the normal
control group (75.6%). (B) Left ventricular ejection fraction of the heart failure model group (38.4%).

Figure 2. Pathological changes in the myocardial tissue samples of rats with heart failure as shown by Masson staining. (A) Subendocardial myocardium and

(B) subepicardial myocardium.

Statistical analysis. The data were expressed as the
mean + standard deviation. All data analyses were carried
out using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA).
Student's paired t-test was used to determine the statistical
differences in both groups. P<0.05 was considered to indicate
a statistically significant result.

Results

Changes in cardiac function in rats with heart failure. At the
end of the eighth week, the rats in both the ADR and CON
groups were subjected to echocardiography. The results demon-
strated that cardiac function in the ADR group significantly
decreased. Compared with the CON group, left ventricular

diastolic diameter and left ventricular systolic diameter were
significantly higher (P<0.05), whereas LVEF and left ventric-
ular fractional shortening were significantly lower (P<0.05),
which indicated left ventricular systolic dysfunction (Table I).
The ADR group proved to be a successful model of heart
failure compared with the CON group, as shown in Fig. 1.

Pathological changes in the myocardium of rats with heart
failure. Masson staining showed myocardial cell disarray, a
small number of fractures and an increase in collagen fibres
in the intercellular matrix in the heart failure model group.
Furthermore, numerous vacuoles of various sizes appeared in
the intercellular matrix of the subendocardial myocardium and
subepicardial myocardium, and a small number of vacuoles
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Figure 3. Expression of (A and B) nanog and (C and D) c-kit in the myocardial tissue samples of normal control rats and rats with heart failure as determined
by immunohistochemical staining. Magnification, x400. Images are magnifications of positive regions. Arrows indicate positive expression cells which were

scattered or in clusters.
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Figure 4. (A) Staining with DAPI and immunofluorescence staining of (B) nanog and (C) c-kit in the myocardial tissue samples of normal control rats. (D) Merged
images of the stains. Magnification, x400. Images are magnifications of positive regions. Arrows indicate positive expression cells which were scattered or in clusters.
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Figure 5. (A) Staining with DAPI and immunofluorescence staining of (B) nanog and (C) c-kit in the myocardial tissue samples of rats with heart failure. (D) Merged
images of the stains. Magnification, x400. Images are magnifications of positive regions. Arrows indicate positive expression cells which were scattered or in clusters.

were similar with lumen sections (Fig. 2). Conversely, normal
myocardial cells exhibited less interstitial collagen fibres and
almost no vacuolation in the subendocardial myocardium and
subepicardial myocardium (Fig. 2).

Immunohistochemical analysis of the protein expression
of c-kit and nanog. Based on the results of the immuno-
histochemical analysis, a small amount of nanog and c-kit
proteins were expressed in the rat myocardial tissue samples
both in the CON and ADR groups. Nanog expression in the
normal myocardial tissue samples was lower compared with
that in the cardiomyocytes and vascular endothelial cells in
the control group. A smaller amount of nanog expression in
normal myocardial tissue existed in cardiomyocytes, endo-
thelial cells and stem cells. Myocardial cells with positive
nanog expression were scattered or in clusters was observed
in the CON group. Nanog was expressed in the majority
of the vascular endothelial cells. Nanog-positive stem cells
were often single or in clusters, and they were located
between myocytes or around the small blood vessels. In

the myocardial tissue samples of the rats with heart failure,
three types of nanog-positive cells (cardiomyocytes, endo-
thelial cells, small and round stem cells) decreased, and the
subendocardial myocardium and subepicardial myocardium
presented a positive distribution (Fig. 3).

In the myocardial tissue samples of both rats with normal
hearts and those with heart failure, c-kit-positive cells were
expressed predominantly in the small round or oval cells that
were present in small clusters. No positive c-kit expression was
observed in cardiomyocytes or endothelial cells. Compared
with the normal myocardium, the number of c-kit-positive
cells was markedly reduced in the myocardium of rats with
heart failure.

Protein expression of c-kit and nanog as determined by
immunofluorescence. Fluorescence microscopy revealed that in
the myocardial tissue samples of the normal group nanog protein
expression was increased, specifically in the cardiomyocytes,
vascular endothelium and small round cells. Cells with strong
positive expression were unevenly distributed. Nanog-positive
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cells in the myocardial tissue samples of rats with heart failure
were predominantly distributed in the subendocardial myocar-
dium and subepicardial myocardium. The expression of nanog in
the subendocardial myocardium and subepicardial myocardium
was markedly lower compared with that of the normal myocar-
dium, and its expression in the subendocardial myocardium was
downregulated compared with that in the subepicardial myocar-
dium (Fig. 4). The c-kit protein was predominantly expressed
in small cells, which were often in clusters distributed in the
myocardium rather than evenly distributed. c-kit-positive cells
were predominantly located in the myocardium of the subepi-
cardial myocardium. Compared with normal myocardial tissue,
the number of c-kit-positive cells in the rats with heart failure
was markedly reduced. c-kit fluorescence was not observed
in cardiomyocytes and endothelial cells. Furthermore, a small
number of cells co-expressed both the c-kit and nanog genes
(Fig.5).

Discussion

Heart failure, which has high incidence, morbidity and
mortality rates, is the final stage of the majority of cardio-
vascular diseases (14,15). Therefore, the treatment of chronic
heart failure remains a severe challenge faced by medical
workers. In recent years, a growing number of studies have
demonstrated that cell proliferation exists in myocardial
tissues, and that cardiac stem cells capable of differentiation
are also isolated from myocardial tissues (16,17). These stem
cells have the ability to differentiate both in vitro and in vivo
into cardiomyocytes, providing a possible therapeutic strategy
for heart failure treatment. Ishikawa er al (18) reported the
mitosis phenomenon of cardiac myocytes in normal adult rats
was found, and c-kit was one of the heart surface markers, and
can be found in embryonic, neonatal and adult mammalian
hearts. The study (18) also demonstrated that the number of
c-kit may reflect the developmental or physiological stage
of such settlement cells (normal cells which exist in certain
parts of the bodies) (19). Recently, c-kit-positive cells have
been used in clinical trials for the preliminary treatment
of heart diseases (20), including myocardial regeneration
originated from coronary heart ball cell following myocardial
infarction (21), and functional analysis of cardiac stem cells
in ischemic myocardium (22). These stem cells have been
used for the preliminary treatment of heart diseases. In 2003,
Chambers et al (23) and Mitsui et al (24) reported that the
nanog gene, which is predominantly expressed in undiffer-
entiated embryonic stem cells, partial adult cells and tumor
cells, facilitates embryonic stem cell self-renewal, maintains
its undifferentiated state and promotes its proliferation (25).
Furthermore, the nanog gene may also be used for regulating
and promoting myocardial cells from re-entering the division
cycle (26).

The results of the present study demonstrated that the number
of c-kit- and nanog-positive cells was reduced in rats with heart
failure, the corresponding proteins and mRNA levels of positive
c-kit and nanog in myocardial tissue samples in normal adult
rats and rats with heart failure were also decreased. The results
of the present study also demonstrated that c-kit and nanog were
correlated with the degree of ventricular remodelling, which
demonstrated that neutrophils are able to secrete a large number
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of inflammatory cells (27), and inhibit the expression of c-kit
and nanog during early inflammation (28,29). In the present
study, this pathological process was verified from the molecular
and genetic level. These results were concordant with those of
Senyo et al (22), who reported that the annual renewal rate of
the aforementioned stem cells in adult hearts is 4-10%, whereas
the inhibition, while the inhibition of c-kit and nanog expression
levels could decrease this renewal rate. Therefore, cardiac stem
cells with c-kit and nanog surface markers are important for
cardiac self-renewal and self-repair (30,31).

The immunofluorescence analysis demonstrated that
a small number of cells co-expressed c-kit and nanog,
results which were concordant with those of our previous
studies (32,33). Heart failure not only severely damages the
heart muscle cells, it also reduces the number of c-kit-positive
cells, nanog-positive cells and stem cells (34,35). These results
may be observed for the following reasons: i) Environmental
changes in the myocardium following heart failure can
result in conditions that are no longer suitable for stem cell
growth and proliferation in rats; ii) cell apoptosis may occur
following heart failure; iii) ADR may be toxic for the model-
ling of cardiac stem cells (36). Regardless of these factors, the
reduction of both cardiac stem cells and associated substances
that promote the formation, development and transformation
of stem cells, are not conducive to myocardial injury repair.
However, whether the small number of cells with the two
genetic materials (c-kit and nanog) reflects the diversity of
stem cell function or represents two different cardiac stem
cells requires further investigation.
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