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Abstract: Objective: To explore alteration in expression of cluster of differentiation 11b (CD11b) as well as 18
(CD18) in right atrial appendage (RAA) of patients suffering from chronic atrial fibrillation (CAF). Methods: 43 patients suffering from rheumatic heart disease (RHD) were categorized into 2 categories: twenty-one participants
suffering from CAF and twenty-two of those with sinus rhythm. Clinical features as well as blood specimens were
acquired prior to operation. RAA specimens were acquired in valve replacement operation. qPCR was utilized to
assess expression of CD18 as well as CD11b. Results: Difference in right atrial diameter (RAD), ventricular septal
thickness (VST), left ventricular end diastolic dimension (LVEDD), as well as diastolic posterior wall thickness (PWT)
was insignificant between the two groups (all p > 0.05). Nevertheless, patients suffering from atrial fibrillation displayed elevated LVEF in comparison with those with sinus rhythm and decreased LAD as well as right ventricular
end diastolic dimension (RVEDD) in comparison with those with sinus rhythm (p < 0.001). Expression of CD18 as
well as CD11b was promoted in patients suffering from atrial fibrillation in comparison to those with sinus rhythm (p
< 0.01 and p < 0.05, respectively). Conclusion: CD18 as well as CD11b are promising to participate in generation
as well as maintenance of atrial fibrillation in patients suffering from atrial fibrillation combined with RHD, providing
innovative markers to assess myocardial fibrosis.
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Introduction
As the most prevalent clinical arrhythmia, AF
(atrial fibrillation) is related to RHD (rheumatic heart disease), CHD (coronary heart disease), congenital heart disease, cardiomyopathy, hypertension, pericardial diseases as well
as other CVDs (cardiovascular diseases) [1-3].
AF seriously influences the health, attacking
5% of people over 65 years old as well as 7.1%
of people over 85 years old [4]. Primary types of
AF include paroxysmal, persistent, and permanent. The AF in our study is persistent type.
Etiology of AF is complicated. The understanding of exact reactions related to AF generation
as well as sustainability is insufficient, since
multiple agents are linked with its generation,
such as inflammation, neurohormonal stimulation, oxidative stress (OS) as well as autonomic
imbalances [5, 6]. Speedy and irregular stimulation brings about inharmonious atrial contraction, frequently causing embolism. Furthermore,

it has been proved that inflammation might be
essential to participate in AF generation [7, 8].
Interactions between white blood cells and
endothelial cells in tissues are modulated via
adhesion agents located on the surface of
white blood cells as well as endothelial cells
[9]. As noncovalently-linked heterodimers of α
and β subunits, integrins express on cells surface [10]. In spite of the primary recognition as
adhesion agents, integrins modulate various
reactions [11]. Consequently, integrins have an
effect on multiple biological reactions and participate in hematopoiesis, hemostasis, inflammation as well as immune modulation [12-14].
Integrin CD11b/CD18 (also known as Mac-1
and CR3), are heterodimers of the αM (CD11b)
and β2 (CD18) subunits. Previous research has
recognized that CD11b/CD18 integrin serves
as adhesion agent, which changes initial inflammatory reaction via stimulating focal adhesion
kinase (FAK) pathway [15]. Consequently, we
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Table 1. Primers and TaqMan probes applied to qPCR
cDNA

Product
size (bp)
5-CCTGGTTCACCTCCTTCCAG-3
180
5-CACCACCCTGGATCCCTGAA-3
5-TCAGGACTTTACGACCCGC-3
193
5-ACTCCTGAGAGAGGACGCA-3
5-TGGCCTTCCGTGTTCCTAC-3
178
5-GAGTTGCTGTTGAAGTCGCA-3

Oligonucleotide Sequence

CD11b Forward primer
Reverse primer
CD18 Forward primer
Reverse primer
GAPDH Forward primer
Reverse primer

Expression of CD11b and CD18 in
atrial myocytes (AM) determined by
qRT-PCR

Total RNA from the atrial myocytes
was extracted using a standard TRIzol RNA isolation method (Invitrogen)
as previously described [16]. The
reverse transcription and PCR experiments were performed with the
GAPDH, CSE, CamkII, Cx40: 95°C for 5 sec, 55°C for 30 sec, and 72°C
Revertra Ace qPCR RT Kit (TOYOBO
for 1 min.
FSQ-101) using 0.5 μg of each sample, according to the manufacturer’s
protocols. The quantitative real-time PCR was
suppose that CD11b/CD18 integrin links with
AF and lead to MF (myocardial fibrosis).
conducted in the LightCycler apparatus (BioRad) using the FastStart Universal SYBR Green
Materials and methods
Master (Roche). The qPCR protocol was as follows: 95°C for 10 min; 40 cycles of 95°C for 15
Specimen acquirement and treatment
s and 60°C for 1 min; and then increasing temperatures from 65°C to 95°C at 0.1°C/s. The
Our research was approved by Ethics CommRNA level was normalized to GAPDH in the
mittee of Harbin Medical University (Harbin,
same sample and then compared with the conChina). Specimens were acquired in conformity
trol. Primers as well as probes were displayed
with modulations of Fourth Affiliated Hospital
in Table 1.
of Harbin Medical University. Forty-three patients from 31 to 80 years old suffering from
Quantification of FAK via ELISA
rheumatic heart disease, who received valve
replacement, were enrolled. Participants were
ELISA was utilized in order to quantify FAK. The
categorization into 2 groups: 22 with SR (sinus
procedures were performed according to the
rhythm) as well as 21 suffering from AF. Patimanufacture’s instruction. The absorbance (at
ents suffering from infective endocarditis, se450 nm) was measured using a microplate abvere pulmonary, renal or hepatic malfunction,
sorbance reader. The amount of FAK was deterhyperthyroidism, malignancies, chronic pulmomined by the interpolation from the standard
nary heart disease as well as coronary atherocurve.
sclerotic heart disease were excluded. One
hundred micrograms of myocardial specimens
ECG recording
were acquired from right atrium (RA). Connective tissue as well as residual blood was elimiECGs were recorded, either from the body surnated. Specimens were immediately put into
face or the esophagus (ESO), in patients in AF.
liquid nitrogen for later preparation of molecuThe ECG was digitized at a sampling rate of
lar as well as biological experiments.
1 kHz with an amplitude resolution of 0.6 μV
Drugs, reagents, and instruments
Drugs, agents, tools were listed as below: SYBR® Green real-time polymerase chain reaction
(PCR) kits (Takara Biotechnology, Shiga, Japan);
electrical constant-temperature oscillation sinks (37°C, Shanghai Evergrande Biotechnology,
Shanghai, China); a centrifuge (Shanghai Evergrande Biotechnology); a cDNA amplification
kit; and a real-time PCR system (ABI 7500,
Applied Biosystems, Foster City, CA, USA);
TRIzol® (Wuhan Boster Biotechnology, Wuhan,
China); a CO2 incubator as well as an inverted
phase contrast microscope.
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using 16-bit A/D conversion (equipment supplied by Siemens-Elema AB, Solna, Sweden).
The acquisition equipment was connected to
an IBM-compatible personal computer and the
data were stored on removable disc media.
Statistical analysis
Data were processed with Statistical Package
for the Social Sciences 16.0 software (IBM,
Armonk, NY, USA). Measurement data were expressed in the form of mean ± SD and differences between two groups were analyzed with
Student’s t-test. Categorical data were expreInt J Clin Exp Med 2018;11(10):11022-11027
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Table 2. Comparison of age, weight, height, gender, course of disease, smoking, diabetes, alcohol
consumption as well as hyperlipidemia between the AF and control group
Group n

Age
(years)

Weight
(kg)

Height
(m)

Course of Proportion
Smoking Alcohol Diabetes Hyperlipidaemia SBP
DBP
disease
of male
(%)
(%)
(%)
(%)
(mmHg) (mmHg)
(year) patients (%)

SR

22 64.6±5.94 61±7.0 1.75±0.06

5±0.5

53

20

42

24

40

138

AF

21

6±0.4

55

22

40

20

44

145

76

0.713

0.821

0.5238

0.5238

0.5238

0.5238

0.1667

0.3451

P

59±1.58
0.616

63±8.0 1.72±0.07
0.741

0.917

80.2

Smoking, diabetes, alcohol consumption as well as hyperlipidemia between both groups.

Table 3. General outcome of ECG
Group
SR
AF
P

n
21
22

LVEF (%)
57.6±5
60±3.1
0.0001

LVEDD (mm)
43.8±2.86
47.4±5.03
0.2017

RVEDD (mm)
52.6±1.14
30.2±12.87
0.0179

VST (mm)
10.74±0.25
11.14±1.51
0.5902

PWT (mm)
9.74±0.19
11.22±1.57
0.1052

LAD (mm)
53±2.12
39±2.74
0.0001

RAD (mm)
42.8±1.64
42.6±10.76
0.5232

ssed as percentage (%) and comparisons were
conducted using chi-square or Fishers’ exact
test. It was recognized as significant with p <
0.05.

that expression of both were promoted in patients suffering from AF in comparison to patients with SR (p < 0.05 and p < 0.01, respectively) (Figures 1 and 2).

Results

Test outcome of blood FAK

Baseline clinical features of both groups

Given CD11b/CD18 integrin serves as adhesion agent which changes initial inflammatory
reaction via stimulating focal adhesion kinase
(FAK) pathway, we tested FAK levels in the blood. We found that blood FAK level in AF patients was higher than that of SR patients and
the difference was significant (p < 0.05) (Table
4).

The age of patients in control group ranged
from 60 to 75 years, whose average was 64.6±
5.94 years. Age of patients in AF group ranged
from 57 to 61 years, whose average was 59±
1.58 years. Age, height, weight and other clinical features were similar in both groups (p >
0.05). There was no significant distinction in
smoking, diabetes, HTN or hyperlipidemia between both groups (p > 0.05) (Table 2).
Echocardiographic (ECG) examination
The difference in LVEDD (left ventricular end
diastolic dimension), PWT (diastolic posterior
wall thickness), RAD (right atrial diameter), VST
(ventricular septal thickness) between both
groups was insignificant (p > 0.05). Nevertheless, patients suffering from AF displayed elevated LVEF in comparison with patients with SR
(sinus rhythm) (p < 0.05). Patients suffering
from AF displayed decreased LAD as well as
RVEDD (right ventricular end diastolic dimension) (p < 0.05) (Table 3).
Expression of CD11b as well as CD18 between
the two groups
Expressions of CD11b as well as CD18 were
assessed in both groups. It was discovered
11024

Discussion
AF serves as the most prevalent arrhythmia
clinically. Mural thrombus triggered via AF is
able to reinforce the vulnerability to stroke as
well as death. It is suggested that AF generation is versatile. Adhesion molecules, as mediators of early inflammatory response, play
an inevitable role in the inflammation-related
pathogenesis of atrial fibrillation. They can be
divided into four categories: selectins, immunoglobulins, integrins, and cadherins. Integrins
are classified into CD11a/CD18, CD11b/CD18, CD11c/CD18, and CD11d/CD18, while
CD11b/CD18 macrophage differentiation antigens (CR3) and CR3 are members of the integrin family of adhesion molecules. Its main
biological activity is the adhesion of cells, neutrophils adhere to vascular endothelial cells,
and become adherent cells from blood vessels to inflammation sites. Fernandez-patron C
study found that MMP-9 can transform endoInt J Clin Exp Med 2018;11(10):11022-11027
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Figure 1. RT-PCR analysis of ΔCt (CD11b) expression.

Figure 2. RT-PCR analysis of ΔCt (CD18) expression.

Table 4._ Atrial fibrillation group and control
group ( x ±s)
Group
SR
AF
P

n
21
22

FAK
9.7376±2.1821
12.1081±0.9851
0.046

thelin-1 (1~38) into endothelin-1 (1~32), which
can increase the expression of CD11b on polymorphonuclear leukocyte surface and help
blood vessels. Adhesion of endothelial cells
and neutrophils and contributes to the formation of atrial fibrillation [15, 16]. When integrin
signaling regulates transduction, the beta cytoplasmic region is required for activation of FAK,
and β2 integrin plays an important role in the
composition of focal adhesions. Phosphorylation of FAK in fibroblasts requires β2 integrin.
The presence of a plasma zone, a chimera containing a transmembrane region of β2, a cytoplasmic region, and an irrelevant extracellular domain, can competitively disrupt integrin
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avβ5-mediated cell adhesion
and therefore activate focal
adhesion kinase (FAK). Increased atrial pressure and
various external stimuli signals activate integrins during
atrial fibrillation, and increase
matrix metalloproteinase activity through focal adhesion
kinase pathway, resulting in
atrial myocardium fibrosis.
FAK pathway is the dominant
factor in atrial structural remodeling. The FAK peripheral
blood level detected by the
ELISA method in this experiment has been reported in
the literature that the initiation factor of FAK is due to
the aggregation of integrin at
the adhesion site, thus indicating that FAK is required
to activate and activate integrin [17]. Collagen aggregation
has an impact on the whole
etiology of atrial activity and
brings about local heterogeneity with regard to electrical
conduction, causing arrhythmias especially AF [18, 19]. Furthermore, it has been recently
proved that inflammation potentially participates in AF generation as well as sustainability.
In this study, we found that patients suffering
from atrial fibrillation displayed elevated LVEF
in comparison with those with sinus rhythm.
CD18 as well as CD11b was promoted in
patients suffering from atrial fibrillation in comparison to those with sinus rhythm. CD18 and
CD11b are promising to participate in generation as well as maintenance of atrial fibrillation
in patients suffering from atrial fibrillation combined with RHD, providing innovative markers
to assess myocardial fibrosis.
As an integral protein on the membrane, β2-integrin CD11b/CD18 is located in plasma membrane as well as secondary granules of neutrophils. CD11b/CD18 serves as a dominant adhesion agent binding to ingredients of extracellular matrix intimately [20]. Adhesion agents
participate in modulation of initial inflammation
reaction. It is reliably demonstrated in our
research that β2 integrin CD11b/CD18 is a
Int J Clin Exp Med 2018;11(10):11022-11027
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contributor to patients suffering from atrial
fibrillation in comparison to those with sinus
rhythm.
Findings of our research reveal that CD11b
transcription is promoted in patients suffering
from AF in comparison to control group (p <
0.05), indicating aberrant myocardial expression of CD11b participates in AF. It is supposed
that fibrosis of the atrium is an essential marker in patients suffering from CAF combined
RHD. In a word, it is proved in our research that
CD11b/CD18 may participate in generation as
well as sustainability of fibrillation in patients
suffering from CAF combined RHD. It has relation with the elevated integrin CD11b/CD18
transcription in patients with AF. It has been
revealed previously that FAK is stimulated via
integrin aggregation at adhesion region, subsequently, it activates a signaling cascade [21].
Nevertheless, limitations of this research are
listed as below: 1) Sample size is relatively limited which should be extended in order to promote power of the outcome; 2) CD11b/CD18
expression is elevated in reactions related to
circumstances different from AF; 3) Investigation was carried out in the combination of RHD
and persistent AF. Specific transduction signals related to CD11b/CD18 expression require
more thorough investigation in the future.
In summary, CD18 as well as CD11b has positive relation with atrial fibrillation in patients
suffering from RHD combined with AF.
Acknowledgements
We express our gratitude to every participant
as well as technical assistance of the physicians and nurses.
Harbin Science and Technology Bureau (2016RAXYJ095); President Fund of the Fourth Affiliated Hospital Harbin Medical University (HYDSYYZ201503); Heilongjiang Province Research Program (201813).
Disclosure of conflict of interest
None.
Address correspondence to: Lili Zhang, Department of Cardiology, The Fourth Affiliated Hospital of
Harbin Medical University, Harbin, China. Tel: +8613304519572; E-mail: lilizhanglll@163.com

11026

References
[1]

Hirsh BJ, Copeland-Halperin RS and Halperin
JL. Fibrotic atrial cardiomyopathy, atrial fibrillation, and thromboembolism: mechanistic links
and clinical inferences. J Am Coll Cardiol 2015;
65: 2239-51.
[2] Andrade J, Khairy P, Dobrev D and Nattel S.
The clinical profile and pathophysiology of
atrial fibrillation: relationships among clinical
features, epidemiology, and mechanisms. Circ
Res 2014; 114: 1453-68.
[3] Shiran A and Sagie A. Tricuspid regurgitation in
mitral valve disease: incidence, prognostic implications, mechanism, and management. J
Am Coll Cardiol 2009; 53: 401-8.
[4] Murphy NF, Simpson CR, Jhund PS, Stewart S,
Kirkpatrick M, Chalmers J, MacIntyre KP and
McMurray JJ. A national survey of the prevalence, incidence, primary care burden and
treatment of atrial fibrillation in Scotland.
Heart 2007; 93: 606-12.
[5] Carnes CA, Chung MK, Nakayama T, Nakayama H, Baliga RS, Piao S, Kanderian A, Pavia S,
Hamlin RL and McCarthy PM. Ascorbate attenuates atrial pacing-induced peroxynitrite
formation and electrical remodeling and decreases the incidence of postoperative atrial
fibrillation. Circ Res 2001; 89: E32-8.
[6] Feng Y, Tang Y, Zhou H and Xie K. A meta-analysis on correlation between interleukin6-174G/C polymorphism and end-stage renal
disease. Ren Fail 2017; 39: 350-356.
[7] Geng HH, Li R, Su YM, Pan HY, Pan M, Ji XP. A
functional single-nucleotide polymorphism in
interleukin-6 promoter is associated with p
wave dispersion in hypertensive subjects with
atrial fibrillation. Int J Clin Exp Med 2014; 7:
4434-40.
[8] Letsas KP, Weber R, Burkle G, Mihas CC, Minners J, Kalusche D and Arentz T. Pre-ablative
predictors of atrial fibrillation recurrence following pulmonary vein isolation: the potential
role of inflammation. Europace 2009; 11: 158163.
[9] Rosales C and Juliano RL. Signal transduction
by cell adhesion receptors in leukocytes. J Leukoc Biol 1995; 57: 189-98.
[10] Barouch FC, Miyamoto K, Allport JR, Fujita K,
Bursell SE, Aiello LP, Luscinskas FW and Adamis AP. Integrin-mediated neutrophil adhesion
and retinal leukostasis in diabetes. Invest Ophthalmol Vis Sci 2000; 41: 1153-1158.
[11] Hynes RO. Integrins: bidirectional, allosteric
signaling machines. Cell 2002; 110: 673-687.
[12] Danen EH and Sonnenberg A. Integrins in regulation of tissue development and function. J
Pathol 2003; 201: 632-641.

Int J Clin Exp Med 2018;11(10):11022-11027

Alteration in expression of CD11b and CD18 in RAA of patients with CAF
[13] Akoum N and Marrouche N. Assessment and
impact of cardiac fibrosis on atrial fibrillation.
Curr Cardiol Rep 2014; 16: 518.
[14] Voigt N, Heijman J, Wang Q, Chiang DY, Li N,
Karck M, Wehrens XHT, Nattel S, Dobrev D.
Cellular and molecular mechanisms of atrial
arrhythmogenesis in patients with paroxysmal
atrial fibrillation. Circulation 2014; 129: 145156.
[15] Parsons JT. Focal adhesion kinase: the first
ten years. J Cell Sci 2003; 116: 1409-1416.
[16] Friedrichs K, Adam M, Remane L, Mollenhauer
M, Rudolph V, Rudolph TK, Andrie RP, Stockigt
F, Schrickel JW, Ravekes T, Deuschl F, Nickenig
G, Willems S, Baldus S and Klinke A. Induction
of atrial fibrillation by neutrophils critically depends on CD11b/CD18 integrins. PLoS One
2014; 9: e89307.
[17] Kis K, Liu X and Hagood JS. Myofibroblast differentiation and survival in fibrotic disease.
Expert Rev Mol Med 2011; 13: e27.
[18] Sun J, Yan H, Wugeti N, Guo Y, Zhang L, Ma M,
Guo X, Jiao C, Xu W and Li T. Microelectrode
array measurement of potassium ion channel
remodeling on the field action potential duration in rapid atrial pacing rabbits model. Int J
Clin Exp Med 2015; 8: 249-56.

11027

[19] Li M, Yi X, Ma L and Zhou Y. Hepatocyte growth factor and basic fibroblast growth factor
regulate atrial fibrosis in patients with atrial fibrillation and rheumatic heart disease via the
mitogen-activated protein kinase signaling pathway. Exp Ther Med 2013; 6: 1121-1126.
[20] Repo H, Rochon YP, Schwartz BR, Sharar SR,
Winn RK and Harlan JM. Binding of human peripheral blood polymorphonuclear leukocytes
to E-selectin (CD62E) does not promote their
activation. J Immunol 1997; 159: 943-951.
[21] Zhao XK, Cheng Y, Cheng ML, Yu L, Mu M, Li H,
Liu Y, Zhang B, Yao Y and Guo H. Focal adhesion kinase regulates fibroblast migration via
integrin beta-1 and plays a central role in fibrosis. Sci Rep 2016; 6: 19276.

Int J Clin Exp Med 2018;11(10):11022-11027

