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Background: Chronic obstructive pulmonary disease (COPD) ranks one of the major causes
of mortality worldwide. Inflammation is greatly involved in the pathogenesis of COPD.
Monocyte chemoattractant protein-1 (MCP1) has been implicated to play an important role
in the inflammatory response of various pathological processes.

Methods: In this study, we conducted a hospital-based case-control study in a Chinese
population, aiming to evaluate the potential associations of genetic polymorphisms of the
MCP1 gene (151024611, rs2857656, and rs4586) and circulating level of MCP1 with COPD
risk.

Results: We found that rs1024611 (OR=1.37; 95% CI=1.11-1.69; P-value=0.004) and
154586 (OR=1.33; 95% CI=1.09-1.63; P-value=0.006) were significantly associated with
increased COPD risk. In the dominant model, both rs1024611 (OR=1.46; 95% CI=1.11-1.92;
P-value=0.006) and rs4586 (OR=1.56; 95% CI=1.18-2.07; P-value=0.002) were signifi-
cantly associated with increased COPD risk. Genotypes of rs1024611 and rs4586 with
minor alleles had a significantly higher circulating level of MCP1 (P<0.001). Meanwhile,
a circulating level of MCP1 was significantly associated with increased COPD risk (OR for
per quartile increment=1.35, 95% CI=1.21-1.52, P<0.001).

Conclusion: Our study indicated that genetic polymorphisms of the MCP1 gene and
circulating level of MCP1 contributed to the COPD risk in the Chinese population. MCP1
contributed importantly to the pathophysiological process and occurrence of COPD.
Keywords: COPD, variation, genetic, MCP1, case-control study

Introduction

Chronic obstructive pulmonary disease (COPD) is one of the major causes of
mortality worldwide, which is characterized by troubles of persistent tract symp-
toms, incomplete reversible airflow obstruction, chronic inflammation, and
a progressive declined lung function.'? COPD, resulting in 3197.8 thousand all-
age deaths globally, ranks the first cause of mortality in chronic respiratory
diseases.> Many endogenous factors including inflammatory processes and genetic
predisposition, and exogenous factors including smoking and air pollution, were
involved in the pathogenesis of COPD.*

Chemokines, small heparin-binding proteins that direct the movement of circu-
lating leukocytes towards sites of inflammation, were tightly involved in all stages
of COPD evolution, including chronic inflammation and bronchial remodeling.”>”’
One of the best characterized chemokines, monocyte chemoattractant protein-1
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(MCP1; also known as chemokine ligand (C-C motif) 2;
CCL2), has been implicated to play an important role in
the inflammatory response during various pathological
processes.* '* The circulating level of MCP1 has been
linked to cardiovascular mortality, stroke, cancers, and
atrial fibrillation."* '® Genetic polymorphisms of the
MCPI gene have also been explored for their associations
with various inflammation related diseases and pheno-
types, including chronic periodontitis in end-stage renal
disease, obstructive sleep apnea syndrome, diabetic retino-
pathy in type 2 diabetes mellitus, rheumatoid arthritis,
tuberculosis, lupus nephritis, coronary artery disease, and
COPD."?® The most studies of SNPs included SNP
151024611 (2518 A>G), rs2857656 (—362 G>C), and
rs4586 (Cys35Cys). The associations of genetic poly-
morphisms of the MCP1 gene with COPD risk were not
systematically explored to date. Only two studies evalu-
ated the association between SNP rs1024611 and risk of
CPOD, however, the results were inconsistent.”>*

Considering the important role of the chronic inflam-
mation and inflammatory chemotaxis of MCP1 in the
pathophysiological process of COPD, here we conducted
a hospital-based case-control study in a Chinese popula-
tion, which aimed to evaluate the potential associations of
genetic polymorphisms of the MCP1 gene (rs1024611,
1s2857656, and rs4586) and circulating level of MCP1
with COPD risk.

Patients and Methods

Study Subjects

Totally included in this study were 450 acute COPD cases
and 500 frequency-matched healthy controls by age, gen-
der, ethnicity, and living area. COPD was diagnosed using
pulmonary function tests according to criteria of the
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) that
volume during the first second (FEV1)/forced vital capa-
city (FVC) values <0.7 for the first time. Cases with lung
cancer, asthma, tuberculosis, bronchiectasis, pulmonary

post-bronchodilator forced expiratory

fibrosis, pulmonary cystic fibrosis, etc. were excluded.
All participants accepted a physical examination, a chest
X-ray, and a pulmonary function test. Demographic and
clinical information were collected from all individuals
using a uniformed questionnaire, and 5 msL of peripheral
blood was drawn from each enrolled person. All subjects
provided written informed consent before they participate
in this research, the study protocol was approved by the

ethical committee of the Fifth Affiliated Hospital of
Guangzhou Medical University (#00012), and the study
was conducted in accordance with the Declaration of
Helsinki.

Genotyping and Biochemical Analyses
Blood samples were stored at —80°C before analyses.
Genomic DNA was extracted from whole blood samples
using the commercial QIAamp Genomic DNA isolation
kit. The DNA was then quantified using a NanoDrop sys-
tem (Thermo Fisher Scientific, Wilmington, DE, USA).
Genotyping of three MCP1 polymorphisms (rs1024611,
rs2857656, and rs4586) was conducted using the Agena
MassARRAY system (Agena, San Diego, CA, USA). We
performed the data sorting and analyses by Agena
Bioscience TYPER 4.0 software. For quality control, 2%
of the samples were genotyped in duplicate as controls for
allele assignment. Serum MCP-1 levels were determined
by a multiplex assay using the Bioplex Suspension Array
(Bio-Rad) according to the manufacturer’s specifications
(The limit of detection for all target cytokines was 0.2—
32,000 pg/mL). The laboratory personnel was blind to the
disease status of the participants.

Statistical Analysis

All the statistical analyses were evaluated using SAS 9.4
software (SAS Institute, Cary, NC, USA). P<0.05 was
considered statistically significant. Continuous variables
are expressed as mean = standard deviation or median
with interquartile range, and compared by the Student’s
t-test or Mann—Whitney U-test. Categorical data are pre-
sented as frequency and percentage, and analyzed using
chi-square test. Odds ratio (OR) with 95% confidence
interval (95% CI) for the associations of COPD risk with
MCP1 gene polymorphisms and quartiles of MCP1 were
calculated using a binary logistic regression model. Chi
square test was used to estimate the goodness of fit of
Hardy Weinberg equilibrium expectation of control sam-
ples. Quartiles of MCP1 distribution among controls were
used to convert it to a categorical variable.

Results

Participant Characteristics

Table 1 presents the demographic characteristics of study
participants, including 450 acute COPD cases and 500
frequency-matched (by age and gender) healthy controls.
The distributions of the age (P=0.923), gender (P=0.916),
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Table 1 Demographics of Study Participants

COPD Cases Controls P-value
(N=450) (N=500)
Age (years)
<60 139 (30.9%) 153 (30.6%) 0.923
>60 311 (69.1%) 347 (69.4%)
Gender
Male 320 (71.1%) 354 (70.8%) 0916
Female 130 (28.9%) 146 (29.2%)
BMI (kg/m?) 23.3%3.11 23.6+3.14 0.140
Smoking status
Ever 270 (60.0%) 156 (31.2%) <0.001
Never 180 (40.0%) 344 (68.8%)
MCP-1, pg/mL 175.6 (141.6-211.6) 157.1 (126.8-186.7) <0.001
FEVI/FVC 0.55+0.09 0.81£0.10 <0.001
Gold grades
Aand B 237 (52.7%)
Cand D 213 (47.3%)

Note: Bold values are statistically significant (P<0.05).
Abbreviation: BMI, body mass index.

and body mass index (BMI, P=0.140) were not statistically
significant, which indicated the comparability between the
case and control groups. However, we found that the
COPD cases were more likely to be ever smokers, and
had a significantly lower FEV1/FVC value (P<0.001).
Of the cases, 52.7% were graded A or B according to
the GOLD criteria. The circulating level of MCP1 in the
COPD cases was significantly higher than that in the
control group (median=175.6 vs 157.1, P<0.001).

Associations of MCP| Gene
Polymorphisms with COPD Risk and
Circulating Level of MCPI

As shown in Table 2, the genotype frequencies and asso-
ciations of three MCP1 polymorphisms (rs1024611,
rs2857656, and rs4586) with COPD risk were presented
and evaluated. The genotype distribution of all three poly-
morphisms in the controls were in line with Hardy—
Weinberg equilibrium (P>0.05). Logistic regression analy-
sis showed rs1024611 (OR=1.37; 95% CI=1.11-1.69;
P=0.004) and rs4586 (OR=1.33; 95% CI=1.09-1.63;
P=0.006) were significantly associated with increased
COPD risk. In the dominant model, both rs1024611
(OR=1.46; 95% CI=1.11-1.92; P=0.006) and rs4586
(OR=1.56; 95% CI=1.18-2.07; P= 0.002) were signifi-
cantly associated with increased COPD risk. However,

Table 2 Logistic Regression Analysis of Associations between
MCPI Gene Polymorphisms and Risk of COPD

Variants Cases Controls OR (95% Cl)* P
(n=450) (n=500)

rs1024611

AA 195 259 1.00 (reference)

AG 204 201 1.40 (1.05-1.87) 0.022

GG 51 40 1.76 (1.11-2.79) 0.016

Gvs A 1.37 (1.11-1.69) 0.004

Dominant model 1.46 (1.11-1.92) 0.006

Recessive model 1.53 (0.97-2.41) 0.068

rs2857656

GG 216 241 1.00 (reference)

CG 207 221 1.09 (0.68-1.75) 0.731

cC 27 38 0.82 (0.54-1.25) 0.364

CvsG 1.01 (0.98-1.04) 0.726

Dominant model 1.05 (0.25-4.39) 0.948

Recessive model 0.81 (0.54-1.22) 0.306

rs4586

cC 132 192 1.00 (reference)

cT 235 230 1.55 (1.15-2.09) 0.004

TT 83 78 1.61 (1.09-2.39) 0.018

TvsC 1.33 (1.09-1.63) 0.006

Dominant model 1.56 (1.18-2.07) 0.002

Recessive model 1.27 (0.87-1.87) 0.221

Notes: *Adjusted for age, gender, BMI, and smoking status; bold values are
statistically significant (P<0.05).

no statistically significant association was detected for
SNP rs2857656. Stratified analyses by Gold grades
showed rs1024611 and rs4586 was still associated with
increased COPD risk in dominant model in patients with
grade A or B, while rs4586 was associated with increased
COPD risk in the dominant model in patients with grade
C or D (Table 3). Figure 1 presented the associations
between MCP-1 SNPs and circulating level of MCP1 in
healthy controls. Genotypes of rs1024611 and rs4586 with
minor alleles had a significantly higher level of serum
MCP-1 (P<0.001).

Associations between Quartiles of MCP|
and COPD Risk

We also analyzed the associations between quartiles of
MCP1 (quartiles of MCP1 distribution among controls
were used to convert it to a categorical variable) and
COPD risk using the binary logistic regression model
adjusted for age, gender, BMI, and smoking status
(Table 4). The results showed that circulating level of
MCP1 was significantly associated with increased COPD
risk (OR for per 95%

quartile increment=1.35,
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Table 3 Logistic Regression Analysis of Associations between MCPI Gene Polymorphisms and Risk of COPD, Stratified by Gold

Grades
GOLD A and B GOLD C and D

Variants OR (95% CIl)* P OR (95% CI)* P
rs1024611
AA 1.00 (reference) 1.00 (reference)
AG 1.38 (0.99-1.91) 0.055 1.32 (0.94-1.84) 0.111
GG 1.94 (1.15-3.27) 0.012 1.43 (0.8-2.55) 0.222
Gvs A 1.39 (1.1-1.76) 0.005 1.24 (0.97-1.58) 0.086
Dominant model 1.53 (1.1-2.12) 0.011 1.39 (0.98-1.97) 0.065
Recessive model 1.73 (1.04-2.89) 0.035 1.31 (0.71-2.43) 0.394
rs2857656
GG 1.00 (reference) 1.00 (reference)
CG 1.02 (0.74-1.41) 0.881 1.07 (0.77-1.49) 0.696
CcC 0.66 (0.33—1.3) 0.226 0.95 (0.5-1.81) 0.879
Cvs G 0.92 (0.72-1.18) 0.517 1.02 (0.79-1.3) 0.896
Dominant model 1.01 (0.92-1.11) 0.843 1.09 (0.63—1.89) 0.748
Recessive model 0.67 (0.38-1.2) 0.180 0.96 (0.7-1.31) 0.785
rs4586
CcC 1.00 (reference) 1.00 (reference)
CcT 1.54 (1.09-2.2) 0.016 1.43 (0.99-2.04) 0.054
TT 1.69 (1.07-2.67) 0.024 1.4 (0.87-2.27) 0.169
TvsC 1.33 (1.07-1.66) 0.011 1.22 (0.97-1.54) 0.089
Dominant model 1.64 (1.16-2.32) 0.005 1.48 (1.03-2.12) 0.035
Recessive model 1.36 (0.87-2.1) 0.176 1.18 (0.69-2.02) 0.537

Notes: *Adjusted for age, gender, BMI, and smoking status; bold values are statistically significant (P<0.05).

CI=1.21-1.52, P<0.001). Compared with subjects in the
first quartile of MCP1 level, those in the second quartile
(OR=1.40; 95% CI=0.94-2.08), the third quartile
(OR=1.40; 95% CI=0.94-2.08), and the fourth quartile
(OR=2.63; 95% CI=1.82-3.81) were all associated with
increased risk of COPD.

Discussion

The current study was conducted to evaluate whether
genetic polymorphisms of the MCP1 gene (rs1024611,
rs2857656, and rs4586) and circulating level of MCPI
contributed to the COPD risk in a Chinese population.
We identified that SNP rs1024611 and rs4586 were sig-
nificantly associated with increased COPD risk. Genotypes
of rs1024611 and rs4586 with minor alleles had signifi-
cantly higher levels of serum MCP-1. Further, we found
the circulating level of MCP1 was associated with 1.35-
fold increased COPD risk. Taking the findings above
together, MCP1 contributes importantly to the pathophy-
siological process and occurrence of COPD. To our

knowledge, this should be the most comprehensive study
exploring serological and genetic associations of MCP1
with COPD risk.

Genetic polymorphisms of the MCP1 gene have been
explored in many diseases and phenotypes. Among them,
MCP1 rs1024611 was the most studied SNP of the MCP1
gene, although the findings were inconsistent. Kerget et al-
20 found that OSAS patients with homozygous MCPI
rs1024611 SNP are at higher risk for CAD. SNP
rs1024611 and rs4586 conferred the susceptibility to
osteoarthritis and may be potential markers for early diag-
nosis of osteoarthritis.”’ However, a meta-analysis by
Wang et al*® reported that MCP1 rs1024611 might not be
associated with genetic susceptibility of AD in the general
population. SNP rs1024611 was previously evaluated for
its association with COPD in Taiwanese men, with 67
COPD cases and 58 controls, but they only got null results
in all genetic models.”®> However, rs1024611 was asso-
ciated with a 1.37-fold increased risk of COPD in our
study. The difference may be caused by the small sample
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Figure | Associations between MCP-1 SNPs and circulating level of MCPI in
healthy controls.

size and limited statistical power. Calculated by Quanto
software (version 1.2.4), we have 88.7% statistical power
to detect such an association between SNP rs1024611 and
COPD risk.

MCPI1 rs4586, which results in a synonymous variant,
was another most studied SNP of the MCP1 gene. Xu

et al?’

reported SNP rs4586 was significantly associated
with the risk of osteoarthritis, and could serve as
a potential marker for early diagnosis of osteoarthritis.
Ma et al*’ found that rs4586 T was

a protective factor for risk of chronic postsurgical pain.

However,

In our study, we identified that rs4586 was associated with
a 1.33-fold increased risk of COPD, and the statistical
power was 86.4% by Quanto software (version 1.2.4).
Using GTEX portal, we found rs1024611 and rs4586
functioned as expression quantitative trait loci (eQTL),
and were significantly associated with increased mRNA
levels of CCL13 in different human tissues, another impor-
tant chemokine in the biological course of inflammatory
chemotaxis.*

Some limitations should be acknowledged when inter-
preting the results. First, the current study included several
phenotypes of COPD, such as smoking-COPD, non-
smoking COPD, etc., although the smoking status was
used as the adjusting variable. Further studies should
focus on more accurate classification for a specific type
of COPD. Second, our samples comprised exclusively
Chinese Han population, thus the findings cannot be gen-
eralized to other ethnic groups. Third, we only genotyped
three functional variants in the MCP1 gene, which might
under-evaluate the contribution of this gene to the patho-
genesis of COPD. Further fine mapping studies are war-
ranted for exploration of the exact causal SNPs. Fourth,
the controls were recruited from the outpatient department
of the hospital, which may lead to selection bias, although
the frequency-match strategy in the case-control study
design has ensured the comparability between the case
and control groups.

Taken together, our study indicates that genetic poly-
morphisms of the MCP1 gene and circulating level of
MCPI1 contributed to the COPD risk in a Chinese popula-
tion. Validation with a larger sample size from different
ethnic groups are warranted, and further investigations are
required to elucidate immunopathogenic mechanisms of
MCP1 in the occurrence of COPD.
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Table 4 Distribution of Quartiles of MCP| in COPD Cases and Controls

IFN-y (pg/mL) Cases Controls OR (95% Cls)* P-value
Quartile 1 (<126.8) 70 125 reference

Quartile 2 (126.8—-157.1) 98 125 1.40 (0.94-2.08) 0.094

Quartile 3 (157.1-186.7) 98 125 1.40 (0.94-2.08) 0.094

Quartile 4 (>186.7) 184 125 2.63 (1.82-3.81) <0.001
Per quartile 1.35 (1.21-1.52) <0.001

Notes: *Adjusted for age, gender, BMI, and smoking status; bold values are statistically significant (P<0.05).
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