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ABSTRACT

Article type:

Objective(s): To examine the expressions of CD11a, CD11b, and CD11c integrins in the myocardial tissues
of rats with isoproterenol-induced myocardial hypertrophy. This study also provided morphological data
to investigate the signal transduction mechanisms of myocardial hypertrophy and reverse it.
Materials and Methods: A myocardial hypertrophy model was established by subcutaneously injecting
isoprenaline in healthy adult Sprague-Dawley rats. Myocardial tissues were obtained, embedded in
conventional paraffin, sectioned, and stained with hematoxylin. Pathological changes in myocardial
tissues were then observed. The expressions and distributions of CD11a, CD11b, and CD11c integrins
were detected by immunohistochemistry. Changes in the mRNA expressions of CD11a, CD11b, and
CD11c in the myocardial tissues of rats were detected by RT-PCR. Image analysis software was used to
determine the expressions of CD11a, CD11b, and CD11c integrins quantitatively.
Results: Immunohistochemical results showed that the positive expressions of CD11a, CD11b, and CD11c
integrins increased significantly in the experimental group compared with those in the control group.
The mRNA expressions of CD11a, CD11b, and CD11c in the myocardial tissues of rats were consistent
with the immunohistochemical results.
Conclusion: The increase in the protein expressions of CD11a, CD11b, and CD11c integrins may have an
important role in the occurrence and development of myocardial hypertrophy.
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Introduction

Increasing incidence and prevalence of heart
failure (HF) is one of the main causes of morbidity and
mortality in elderly (1, 2). The pathogenesis of HF is
complex and often associated with cardiac
remodeling, which involves cardiac myocyte
hypertrophy, fetal program re-expression, and
phenotypic changes in the extracellular matrix (ECM)
(3-5). Myocardial hypertrophy possibly occurs as an
adaptive response to pressure or volume overload by
decreasing wall stress; chronic left ventricle
hypertrophy is strongly associated with chronic HF
and death. Chronic left ventricle hypertrophy is also
considered as a maladaptive process, thereby
inducing a ‘‘fetal” gene program and pro-hypertrophic
signaling pathways (6-10). In an adult heart,
hypertrophic growth is caused by signals stimulated
at a cell surface; these signals are then transmitted via
receptors or channels that activate intracellular
signaling cascades and affect nuclear cues, thereby
alter gene expression (11-14). Molecular machineries
that direct mechanical sensing in cardiac myocytes are
partially understood. In some cases, cell surface

adhesion receptors called integrins are important
detectors of mechanical load (15, 16).
Integrins are involved in various physiological and
pathological processes In vivo, such as organogenesis,
gene expression regulation, cell proliferation and
differentiation, and tumor cell adhesion and
migration. Each member of the integrin family is
composed of a heterodimer molecule formed by noncovalently bonded α and β chains (subunit). β2
subfamily is formed by non-covalently connecting a β2
subunit with an α subunit of CDlla, CDllb, and CDllc
(17, 18). Previous reports showed that human
ventricular myocyte proliferation is associated with β2
integrin adhesion, and β2 expression can lead to In
vitro ventricular myocyte hypertrophy of cultured
cells (19, 20). Integrin αv, in complex with β1, β3, β5,
β6 or β8 integrin subunit, also forms receptors for
fibronectin or vitronectin. Mice are lacking the αv
subunit, therefore devoid of all αv integrin containing
heterodimers, make severe developmental defects in
vasculogenesis and organogenesis (21, 22). However,
studies on integrin and heart development are few.
Furthermore, studies on β2 subfamily of integrins
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in heart development have not yet been conducted.
Such adhesive molecular ligand specificity is possibly
determined by α subunits. In the present study, we
examined the expression of CD11a, CD11b, and
CD11c in the myocardial tissues of the rat using a
Isoprenaline (ISO)-induced myocardial hypertrophy
model. We also investigated the signal transduction
mechanisms of myocardial hypertrophy and actions
to reverse it.

Materials and Methods

Establishment of a rat model of myocardial
hypertrophy
The rat model of myocardial hypertrophy was
established according to previous studies (12).
Twenty healthy adult Sprague-Dawley rats (10 males
and 10 females; weight=200±20 g) were provided by
the Experimental Animal Center of Xinxiang Medical
University and this study was conducted with
approval from the Ethics Committee of Xinxiang
Medical University. We randomly selected 5 males
and 5 females rats and mixed them as one group. The
rats in the experimental group were subcutaneously
injected with 8 mg/kg/day of ISO (Shanghai Harvest
Pharmaceutical Co., Ltd., China) twice a day for five
consecutive days. The rats in this group were then
observed for 48 hr. (2) The rats in the control group
were subcutaneously injected with 2 ml/kg/day of
physiological saline according to the same procedure
used for the experimental group.
Determination of myocardial hypertrophy index
The body weights (BW) of the rats in the two
groups were immediately measured at the end of the
observation period. To narcotize the rats, we
intraperitoneally injected them with 20% ethyl
carbamate solution (750 mg/kg). Supination and
fixation were then performed. Regular shearing and
disinfection were also conducted. Their chests were
opened to remove the heart. Afterward, the heart
was washed with pre-cooled normal saline until the
flushing fluid was no longer red, and a clean filter
paper was used to absorb moisture. The tissues and
the blood vessels surrounding the heart were
cut, and heart weight (HW) was measured. The
left and the right atrium along the coronary artery
groove were removed. The right ventricular free
wall along the interventricular groove was also
removed, and the left ventricular weight (LVW) was
measured. HW/BW and LVW/BW were calculated to
determine the degree of myocardial hypertrophy.
Two myocardia (each myocardium weighed
approximately 0.3 g) of the left ventricle were
obtained from the two groups of rats. One
myocardium was immediately placed in 4% neutral
formaldehyde stationary liquid, embedded with
conventional paraffin, sectioned, and subjected to
immunohistochemistry. The other myocardium was
immediately placed in liquid nitrogen.
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Immunohistochemical method
The myocardial tissue was embedded in
conventional paraffin and then sectioned using an SP9001 immunohistochemical kit according to the
manufacturer’s instructions. Primary antibodies of
CD11a, CD11b, and CD11c (1:100, Wuhan Boster
Company) were incubated overnight at 4°C and then
incubated at 37°C for 30 min in IgG/Biotin IgG and
SABC liquid. The specimens were stained with DAB
and then re-dyed with hematoxylin. PBS was used
instead of DAB and hematoxylin for the negative
control specimens. Afterward, these specimens were
observed under a light microscope and photographed.
Brown reaction granules found in the cells indicated
positive results.
Six myocardial specimens were obtained from
each group of immunohistochemical results. Five
sections were selected from each specimen, and four
views were obtained from the selected sections that
showed uniform myocardial tissue distribution and
dyeing. The results were quantitatively analyzed
using Motic BA400 pathological graphic analysis
system at magnification of 400×. The key indicators
considered in this study were the positive expression
area and the average optical density.
Real time- PCR (RT-PCR)
The heart tissue was removed from liquid
nitrogen, and total RNA was extracted using an
AxyPrep total RNA preparation kit according to the
manufacturer’s instructions. UV absorbances at
260 and 280 nm were determined using a UVmini1240 UV spectrophotometer. RNA integrity was
detected by 1% agarose gel electrophoresis. CD11a,
CD11b, and CD11c primer sequences (Table 1) were
designed using Primer 5 primer design software.
These primers were synthesized by the Shanghai
Biological Engineering Technology Co, Ltd, purified
using the PAGE method, dissolved in non-RNase water
to obtain a final concentration of 100 μmol/l, and
preserved at –70°C for later use. First-strand cDNA
was synthesized using an M-MLV reverse
transcription kit according to the manufacturer’s
instructions. CD11a, CD11b, and CD11c were
amplified by PCR, and amplification reactions were
recorded in one system by using β-actin as an internal
reference. The reaction conditions which used were as
follows: initial denaturation at 95°C for 5 min; loop
degeneration at 94°C for 30 sec; renaturation at 55°C
for 30 sec; and extension at 72°C for 10 min. The PCR
products were electrophoresed in 1.5% agarose gel
Table 1. Oligonucleotide primers of CD11, CD11b, CD11c, and β-actin
Gene

Sense

Antisense

CD11a
CD11b
CD11c
β-actin

aggagactgagagcgagctg
gagaactggttctggcttgc
ggtgcaaagaccaccttcat
cacccgcgagtacaaccttc

tcaaagcaggcaaacagatg
tcagttcgagccttctt
gacgtttgaagaagccaagc
cccatacccaccatcacacc

Product
(bp)
573
464
783
206
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(containing ethidium bromide with a final
concentration of 0.5 mg/ml). GeneGenius Syngene Agar
imaging analysis system and Gelworks10 software
were used to scan and record the results. A semiquantitative analysis by ratio was conducted between
the target segment and the gray value of β-actin.
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Table 2. Index of rat cardiac hypertrophy model ( ± s)
n
HW/BW (mg/g) LVW/BW (mg/g)
Experimental group 10
6.150 ± 0.619*
4.309 ± 0.482**
Control group
10
4.388 ± 0.308
2.081 ± 0.196
HW: heart weight; BW: body weights; LVW: ventricular weight. Data
are expressed as means ± SD. Asterisk denotes a response that is
significantly different from the control group (* P<0.05, ** P<0.01)

Statistical analyses
Results are reported as the mean ± SD. Statistical
comparisons were performed using Student’s t-test.
Significance was set at P<0.05.
A

Results

Determination of myocardial hypertrophy index
The experimental group showed an evident
increase in HW/BW and LVW/BW based on the
results of the myocardial hypertrophy index tests
compared with the control group (Table 2).
B

RT-PCR amplification of CD11a, CD11b, and CD11c
Figure 1 showed that unique bands were
observed at 500 bp to 600 bp, 400 bp to 500 bp, and
700 bp to 800 bp in the experimental and the control
group. Significant differences (P<0.01) were found in
the ratios of CD11a, CD11b, and CD11c. β-actin gray
value was compared in pairs using SPSS 14.0 by
variance analysis (Table 3).
Immunohistochemical results
In the experimental group, CD11a, CD11b, and
CD11c were highly expressed in a few myocardial
cells, whereas in the control group CD11c were only
weakly expressed. The expression of CD11a, CD11b,
and CD11c was mainly distributed in the myocardial
cell cytoplasm and in an area next to the capsule
(Figure 2), CD11a, CD11b, and.

C

Figure 1. RT-PCR products of CD11a, CD11b, and CD11c
A: RT-PCR products of CD11a M: Marker 1-2: experimental
group; 3-4: control group
B: RT-PCR products of CD11b M: Marker 1-2: control group; 3-4:
experimental group
C: RT-PCR products of CD11c M: Marker 1-2: experimental
group; 3-4: control group

A

B

C

D

E

F

Figure 2. Expressions of CD11a, CD11b, and CD11c in the myocardial tissue at mRNA levels
A: CD11a of control group
B: CD11b of control group
C: CD11c of control group
D: CD11a of experimental group
E: CD11b of experimental group
F: CD11c of experimental group
Arrows was used to indicate the positive expression of integrins in experimental group.
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Table 3. Comparison of the average area and brightness of CD11a, CD11b, and CD11c expressions in the myocardium ( ±s)
n
Experimental group
Control group

120
120

CD11a
0.36 ± 0.02**
0.11 ± 0.02

Average brightness
CD11b
0.41 ± 0.02**
0.16 ± 0.02

CD11c
0.22 ± 0.01**
0.08 ± 0.02

CD11a
182 ± 9**
22 ± 5

Average area
CD11b
198 ± 8**
20 ± 3

CD11c
127 ± 5**
18 ± 4

Data are expressed as means ± SD. Asterisk denotes a response that is significantly different from the control group ( ** P<0.01)

Discussion

Myocardial hypertrophy is a normal adjustment
in response to wall stress when cardiac load is
increased (23-27). The pathogenesis of myocardial
hypertrophy has been a controversial topic in the
study of cardiovascular diseases (28, 29); however,
no clear conclusions have been presented. In this
study, an ISO-induced myocardial hypertrophy
model was established. Immunohistochemistry and
RT-PCR were performed to investigate the changes
in protein expressions, distribution, and mRNA
expressions of CD11a, CD11b, and CD11c integrins.
The immunohistochemical results showed that
the protein expressions of CD11a, CD11b, and CD11c
integrins in the experimental group were higher than
those in the control group with expressed areas
mainly in the cytoplasm. ECM cells interact with one
another to maintain the stability of organisms and
ensure that pathophysiological signals are regulated
(30). As a major receptor of ECM, integrins should be
correctly expressed and functionally developed to
maintain the normal functioning of the
cardiovascular system in adults (31, 32). In some
cardiovascular diseases, such as cardiomegaly,
dilated cardiomyopathy, and myocardial infarction,
EMC components (e.g., cardiac output) have changed
(33). Disease models have not yet shown the
expressions of special integrins; therefore, further
studies should be conducted to confirm whether or
not the changes in the location of integrins are
similar to the changes in EMC components. Some
studies demonstrated that mindin serves as a novel
mediator that protects against cardiac hypertrophy
and the transition to heart failure by blocking
AKT/GSK3β and TGF-β1-Smad signaling (5). A β3
integrin / ubiquitination / NF-κB pathway
contributes to compensatory hypertrophic growth
(34). Other studies indicated that the loss of specific
integrin function could be a key mechanism for
calpain-mediated programmed cell death of
cardiomyocytes in pressure-overload myocardium
(35). In fact, cardiomegaly can be caused by many
factors, including integrins. In cardiomegaly,
ventricular dilatation, and HF models, morphological
changes were observed in myocardial cells. Thus,
integrin expressions in cells should be changed to
adjust to such morphological changes (36). However,
the function of PTEN in myocardial hypertrophy
remains complex.
The results of this study showed that CD11a,
CD11b and CD11c expression increased in the state
of cardiac hypertrophy. This may be that after β2
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integrin combined with the corresponding ligand
outside the cell membrane, signals of hypertrophy of
cell growth would be transmitted into the cell
through a number of different cell signal
transduction pathways. So hypertrophy gene
expression would
be activated
and
the
corresponding proteins synthesis involved in the
occurrence and development of cardiac hypertrophy.

Conclusion

The results of this study revealed that the
expressions of CD11a, CD11b, and CD11c increased
in myocardial hypertrophy, indicating that these
three integrins are involved in the occurrence and
development of myocardial hypertrophy.
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