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through regulation of immune inflammatory cells and Cx43
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Abstract

Purpose: To investigate the effect of retinol on cardiac fibroblast proliferation in vitro and on fibrosis
formation in mice in vivo.

Methods: Proliferative potential of fibroblasts was determined using cell counting kit-8 assay. Acute
myocardial infarction (AMI) was induced in mice via ligation of the left side coronary artery. In
myocardial tissues, concentration of TNF-a was determined using enzyme-linked immunosorbent assay
(ELISA) assay.

Results: Exposure to retinol significantly suppressed cardiac fibroblast proliferation under ischemia,
when compared to untreated fibroblasts (p < 0.05). However, exposure of cardiac fibroblasts to retinol
did not produce toxicity at a dose of 10 uM under normal conditions. In contrast, exposure to normal
levels of oxygen, glutamine and glucose significantly reversed the inhibitory potential of retinol against
fibroblasts during ischemia (p < 0.05). Treatment of mice with retinol at a dose of 5 mg/kg reversed the
AMI-mediated increase in hydroxyproline level in myocardial tissues. Retinol treatment of AMI mice
caused significant elevation in the number of CD31+ capillaries in myocardial tissues. Increase in TNF-a
by AMI in cardiac tissues of mice was reversed by treatment with retinol at a dose of 5 mg/kg. The
retinol treatment also caused significant reversal of AMI-induced down-regulation of Cx43 protein (p <
0.05).

Conclusion: Retinol enhanced the proliferation of fibroblasts under ischemic conditions and prevented
fibrosis in mice with AMI. Moreover, retinol targeted TNF-a production and upregulated Cx43 expression
in myocardial tissues of mice with AMI. Thus, retinol may be useful for the management of myocardial
infarction.
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INTRODUCTION worldwide [1,2]. Myocardial infarction, also

known as heart attack, is caused by occlusion of
The incidence of acute myocardial infarction blood flow to parts of the heart, resulting in death
(AMI), a severe cardiac disorder that adversely of cardiomyocytes. The cardiomyocyte necrosis
affects human health, is on the increase is immediately followed by formation of fibrosis
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due to rapid collagen accumulation and fibroblast
proliferation [3,4]. Fibrosis interferes with normal
heart function because of changes in cardiac
vascularization and cardiomyocyte regeneration
[3,4]. At advanced stages, myocardial infarction
leads to arrhythmia which is a common type of
cardiovascular disorder [1]. Global statistics
reveals that ischemic heart disease has a
mortality of 13 % and affects mostly developed
countries [3,4]. Patients suffering from ischemic
heart disease are usually kept under close
observation because of their susceptibility to
arrhythmias [5]. Therefore, development of
newer, advanced and more effective treatment
for cardiac fibrosis will have tremendous
significance in the treatment of myocardial
infarction.

Excessive aggregation of inflammatory cells in
myocardial tissues and perivasculitis has been
reported in patients suffering from myocardial
infarction [6]. High levels of interleukins and
interferon-y in patients with myocardial infarction
indicate that AMI is an inflammatory and
non-infectious disease [7]. The involvement of
inflammatory responses in the development of

myocardial infarction has been previously
established [8]. Generally, conventional
treatments for cardiac fibrosis target the

proliferative as well as migrating potential of
fibroblasts [3,4]. Transforming growth factor-
(TGF-B) and endothelin-1 are the most common
targets for chemotherapies used for cardiac
fibrosis. Moreover, therapies which target

angiotensin signaling pathway have been found
to be of significance for inhibition of cardiac
fibrosis [9]. The present study was carried out to
determine the effect of retinol on fibroblast
proliferation, with the aim of developing a
treatment strategy for AMI.

Figure 1: Structure of retinol
EXPERIMENTAL

Cell viability assay

Fibroblasts were seeded at a density of 2 x 10°
cells/well in 96-well plates containing DMEM
mixed with high glucose and FBS (10 %).
Exposure of fibroblasts to retinol at a dose of 10

UM, or normal saline was continued for 24 h.
During incubation with retinol, glucose,
glutamine and oxygen levels were maintained at
normal levels, while glutamine and glucose, or
oxygen and glucose were kept at low levels.
Following retinol exposure, the fibroblasts were
treated with cell counting kit-8 solution at 37 °C
for 3% h. Multimode detector (BioTek
Instrumentation) was used for measurement of
optical density at 456 nm, and the values
obtained were used to calculate cell viability.

Animals

Thirty male ICR mice aged about 8 weeks were
purchased from the Animal Centre of Jilin
University, China. All the animals were kept in
animal care facility under controlled temperature
(23 - 24 °C) and humidity (58 £ 2 %). The mice
were exposed to 12 h light/12 h dark cycle and
given free access to laboratory feed and water.
The animal protocols used were approved by the
Committee for Animal Ethics, Beijing Chao-Yang
Hospital, Capital Medical University, Beijing,
China (approval no. CMU/009/18/09). All
protocols were conducted in accordance with
guidelines from Animal Care and Use
Committee of the US National Institutes of
Health [10].

Myocardial infarction and determination of
hydroxyl-proline content

A mouse model of myocardial infarction was
established with coronary artery ligation
procedure under 1 - 25 % isoflurane
anaesthesia injection [11]. Anaesthetization of
mice was followed by intubation with intravenous
catheter connected to a 20-gauge. Respiration
was maintained at 110 cycles per min, and all
mice were kept on ventilator. Thoracotomy was
used to ligate the coronary artery on the left side
using nylon suture approximately 1.5 mm below
the tip of the left auricle. A pale colour of left
ventricle confirmed occlusion, and this was
followed by stitching to close the chest. Then
mice were kept on warm pads till recovery. The
same experimental protocol was carried out on
mice from the sham group, except that there
was no ligation of the coronary artery. Retinol
dissolved in  physiological saline was
administered intragastrically to the mice in
treatment group following ligation. On day 15
after ligation, the mice were sacrificed and
subjected to histological examination.
Hydroxyproline content was measured in
myocardial tissues of mice using previously
reported protocol [12].
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Enzyme-linked immunosorbent

(ELISA)

assay

Myocardial tissues extracted from mice were
minced and then lysed with lysis buffer.
Centrifugation was carried out at 600 g for 30
min at 24 °C, and the supernatant was subjected
to assay of TNF-a level using an ELISA kit
(ERT2010-1; Assaypro LLC, St. Charles, MO,
USA).

Statistical analysis

Data are presented as mean = standard
deviation, and were statistically analyzed with
SPSS 17.0 software (SPSS, Inc., Chicago, IL,
USA). Multigroup comparison was made using

One-Way Analysis of Variance (ANOVA).
Differences  were assumed statistically
significant at p < 0.05.

RESULTS

Retinol reduced Vviability of cardiac

fibroblasts under ischemia

Exposure to retinol at a dose of 10 uM
significantly (p < 0.05) suppressed cardiac
fibroblast proliferation under ischemia, when
compared to untreated fibroblasts (Figure 2).
Exposure of the cardiac fibroblasts to retinol at a
dose of 10 yM did not induce any toxicity under
normal conditions. Reduction in retinol-mediated
fibroblast viability under ischemia was not
reversed by exposure to normal levels of
oxygen. Moreover, exposure of fibroblasts to
normal oxygen levels and glutamine did not
reverse the inhibitory effect of retinol on cardiac
fibroblasts during ischemia. However, exposure
to oxygen, glutamine and glucose at normal
levels significantly (p < 0.05) reversed the
inhibitory potential of retinol against fibroblasts
during ischemia.

Retinol treatment reduced hydroxyproline
levels in myocardial tissues

In myocardial tissues of mice, AMI caused a
significant (p < 0.05) elevation in hydroxyproline
level, relative to normal group (Figure 3).
However, treatment with retinol at a dose of 5
mg/kg effectively reversed the AMI-mediated
elevation of hydroxyproline level in myocardial
tissues of mice. The suppression of
hydroxyproline level by retinol indicated
inhibition of cardiac fibroblast proliferation under
ischemia, and hence prevention of fibrosis.
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Figure 2: Effect of retinol on viability of cardiac
fibroblasts. (A) Cardiac fibroblasts cultured with retinol
under normal and ischemic conditions. (B) Cardiac
fibroblasts cultured with retinol under ischemia,
followed by exposure to normal glucose and oxygen
levels. (C) Cardiac fibroblasts cultured with retinol
under ischemia, followed by exposure to oxygen and
glutamine at normal levels. (D) Fibroblasts exposed to
normal oxygen, glucose and glutamine levels after
prior treatment with retinol under ischemia. Fibroblast
proliferation was determined using CCK-8 assay; *p <
0.02; **p < 0.01, vs. fibroblasts cultured normally
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Figure 3: Effect of retinol on content of hydroxyproline
in mice with AMI. hydroxyproline levels in myocardial
tissues of mice on day 15 following ligation and
treatment with retinol at a dose of 5 mg/kg. *P < 0.02,
**p < 0.01, vs. normal mice

Retinol treatment of AMI
microvascular density

mice elevated

Microvascular density was significantly lower in
mice subjected to AMI than in normal mice
group (Figure 4). The density of CD31+
capillaries in AMI mice was markedly reduced,
when compared to the normal group. However,
retinol treatment of AMI mice caused significant
elevation of CD31+ capillaries in the myocardial
tissues.
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Figure 4: Effect of retinol on microvascular density.
The CD31 antibodies were used for determination of
microvascular density in cardiac tissues of mice on
day 15 following ligation and treatment with retinol at
a dose of 5 mg/kg. *P < 0.02, **p < 0.01 vs. normal
mice. Retinol targeted TNF-a generation in myocardial
tissues of mice

In mice cardiac tissues, AMI led to a marked up-
regulation of TNF-a, when compared to normal
group (Figure 5). However, the AMI-induced
elevation in TNF-a in cardiac tissues of mice was
significantly reduced on treatment with retinol.
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Figure 5: Effect of retinol on TNF-a generation in AMI
mice. In vehicle- and retinol-treated mice, TNF-a
levels in myocardial tissues on day 15 after ligation
were measured using ELISA. *P < 0.02, **p < 0.01,
vs. model control

Retinol elevated the protein expression of
Cx43

Mice subjected to AMI showed relatively lower
Cx43 protein levels in myocardial tissues than
mice in control group (Figure 6). In AMI mice,
Cx43 protein distribution in ventricular tissues
was random and prominently reduced, when
compared to normal mice which had uniform and
higher Cx43 protein distribution in ventricular
tissues. However, retinol at a dose of 5 mg/kg
caused significant (p < 0.05) elevation of Cx43
protein in AMI mice.
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Figure 6: Effect of retinol on Cx43 protein level. In
vehicle as well as retinol-treated mice, Cx43 protein
expression in myocardial tissues on day 15 after
ligation was measured using inverted microscope
assay. *P < 0.02, **p < 0.01, vs. model control

DISCUSSION

The current study has demonstrated that retinol
exerted cytotoxic effect on ischemic fibroblasts
under in vitro conditions, and an anti-fibrotic
effect on mice with AMI. Investigations have
shown that proliferation of cardiac fibroblasts was
suppressed under ischemic conditions by
pyrvinium pamoate [13]. It has been established
that ligation of the left side coronary artery is
usually followed by apoptosis of cardiomyocytes
in the ventricular walls due to ischemia [13].
Proliferation is rapidly induced in cardiac
fibroblasts, leading to collagen secretion and
deposition in myocardial tissues, and fibrosis
formation [13].

In the present study, it was found that exposure
to retinol significantly targeted proliferative
potential of cardiac fibroblast under ischemia
conditions. The retinol exposure did not cause
any cytotoxicity to cardiac fibroblasts under
normal conditions. However, retinol-mediated
suppression of fibroblast viability under ischemic
conditions could only be reversed by exposure to
oxygen, glutamine and glucose at normal levels.
Thus, it was evident that retinol acted as anti-
proliferative agent for fibroblasts only under
ischemic conditions.

Hydroxyproline level in myocardial tissues is
considered an indicator of mature collagen
granules [13]. It has been reported that targeting
of androgen receptor led to development of
fibrosis, indicating the involvement of androgen
receptor in the fibrotic process [14]. Cardiac
fibroblasts generally undergo proliferation under
conditions of glucose deprivation, and the same
property is associated with development of
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fibrosis [15]. In the present study, AMI in mice led
to a significant elevation in hydroxyproline level
in the myocardial tissues. However, on treatment
with retinol, the AMI-mediated elevation of
hydroxyproline level was effectively reversed in
myocardial tissues of mice. This indicates
suppression of the proliferation of cardiac
fibroblast by retinol under ischemia, thereby
inhibiting fibrosis via targeting hydroxyproline
production in AMI mice.

Studies have demonstrated the key role of TNF-
a and interleukins in tissue damage associated
with myocardial infarction [16]. The production of
TNF-a in myocardial tissues of ischemic animals
has been shown to be markedly elevated, when
compared to normal animals [17]. Over-
expressed TNF-a level in patients with AMI
mediates inflammation [18]. Moreover, elevated
TNF-a levels in myocardial tissues induce
dysfunction of cardiac myocytes [19]. In the
present study, there were marked increases in
TNF-a levels in cardiac tissues of AMI mice,
when compared with normal mice. However, in
retinol treated-mice, the AMI-induced increases
in TNF-a levels in cardiac tissues were
significantly suppressed.

Gap junction proteins are associated with signal
transduction of amongst different cells [20]. The
major proteins which form these gap junctions
are connexins, amongst which Cx43 is present
mainly in cardiac tissues [21]. Studies have
shown reduced Cx43 expression in cardiac
tissues of myocardial infarction patients [21].
The current study also found relatively low Cx43
protein levels in myocardial tissues of mice
subjected to AMI. Moreover, Cx43 protein
distribution in ventricular tissues of AMI mice
was random and prominently reduced, when
compared to that in normal mice. However,
Cx43 protein distribution was uniform and higher
in ventricular tissues of normal mice. Moreover,
retinol treatment of AMI mice caused significant
reversal of the AMI-induced down-regulation of
Cx43 proteins.

CONCLUSION

Retinol acts as anti-proliferative compound for
fibroblasts under ischemic conditions, and
prevents fibrosis in mice with AMI. Furthermore,
retinol targets TNF-a production and promotes
Cx43 expression in myocardial tissues of AMI
mice. These findings suggest that retinol
mitigated myocardial damage associated with
AMI in mice. Therefore, retinol may be potentially
beneficial for the treatment of myocardial
infarction.
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