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Abstract: TRPMS plays a key role in COPD. The development of pulmonary hypertension
(PH) in COPD adversely affects survival and exercise capacity. Thus, the aim of this study
was to evaluate the possible association between single nucleotide polymorphisms (SNPs) in
TRPMS8 and COPD or PH in COPD among the Chinese Han population. A total of 513 COPD
patients and 506 controls were enrolled in the study. Six tag SNPs (tSNPs) were genotyped.
The relationship between COPD or PH in COPD and the six tSNPs was evaluated using the
x test and genetic model analysis. In the rs9789398 polymorphism, the T/C genotype was
associated with an increased risk for COPD (P=0.005). Under the assumption of models of
inheritance, there was an association between the rs9789398 polymorphism and COPD. In the
rs9789675 polymorphism, the G/A genotype was associated with an increased risk for COPD
(P=0.021). Furthermore, by the }* test, we found that the minor allele “A” of rs9789675 (odds
ratio [OR] =0.63, 95% confidence interval [CI], 0.42-0.97, P=0.034) and the minor allele
“C” 0f 1s9789398 (OR =1.59, 95% CI, 1.03-2.44, P=0.034) were associated with a decreased
risk of PH in COPD in allele models. In genetic models, the genotypes “GA” and “AA” of
rs9789675 were associated with a decreased risk of PH in COPD. The genotypes “TC” and
“CC” of 159789398 were associated with a decreased risk of PH in COPD. Moreover, “CG”
of rs1004478 was significantly associated with a decreased risk of PH in COPD. There was a
significant association between the five SNPs (152362290, rs9789675, rs9789398, rs1003540,
and rs104478) in the TRPMS gene and the risk of PH in COPD. Our findings indicated that
rs9789398 in the TRPMS gene was significantly associated with the risk of COPD in the
Chinese Han population. Moreover, rs9789675, rs9789398, and rs1004478 were significantly
associated with the risk of PH in COPD. This study provides a novel insight into COPD and
PH in the development of COPD.

Keywords: COPD, pulmonary hypertension, case—control study, single nucleotide
polymorphism

Introduction
COPD is one of the leading causes of morbidity and mortality worldwide and is
characterized by a partially reversible airflow limitation. Usually, when exposed
to noxious particles or gases, COPD is progressive and associated with abnormal
inflammatory responses of the lungs."* Based on data from the World Health
Organization, COPD may become the fourth leading cause of death by 2020,>® and in
China, ~9%—10% of adult patients and 8.2% of patients in the age group of 40 years
would develop COPD.*!°

Recently, cigarette smoking is recognized as the major risk factor for COPD.
However, only 10%—15% of smokers develop clinically significant COPD.'"!* The
role of genetic factors in the development of COPD has been investigated by many
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studies such as family studies and hypothesis-free genome-
wide association (GWA) studies,'>!¢ although the underlying
COPD pathogenesis based on the molecular genetics is not
well understood. Currently, many studies put forward that
COPD is associated with both genetic and environmen-
tal factors. Based on the WHO classification, pulmonary
hypertension (PH) is associated with lung diseases and/or
hypoxemia.!” It has been reported that 5%—40% of COPD
patients who underwent right heart catheterization (RHC)
might develop an elevation of pulmonary arterial pressure.'®
In addition, pulmonary arterial pressure is demonstrated as
an important prognostic indicator for COPD."

Transient receptor potential cation channel subfamily
M member 8 (TRPMS) is activated by a temperature range
of 8°C-22°C, which could evoke a sensation of coolness.?
Thus, respiratory autonomic responses might be introduced
by breathing cold air, including airway constriction, cough,
and mucosal secretion, which trigger an asthma attack or
indeed exacerbate preexisting disease,*’ such as COPD.
Therefore, the aim of the current study was to investigate
the potential relationship between single nucleotide poly-
morphisms (SNPs) in the TRPMS gene and COPD or PH in
COPD among the Chinese Han population.

Subjects and methods

Study participants

A total of 513 subjects diagnosed with COPD from the
southern part of China were recruited (81 females, 432 males;
median age, 68.02 years). COPD was diagnosed based on
the criteria of the National Heart, Lung and Blood Institute
(NHLBI)/WHO Global initiative for chronic Obstructive
Lung Disease (GOLD).? Patients with post-bronchodilator
(BD) forced expiratory volume in 1 second (FEV,, 80%
predicted) and FEV /forced vital capacity (FVC, 0.7) were
enrolled in the study. Patients were excluded from the study
if they had other significant respiratory diseases, such as
lung cancer, pulmonary tuberculosis, cystic fibrosis, and
bronchial asthma.

PH was diagnosed by transthoracic Doppler echocar-
diography (TTE). The entry criteria for PH in COPD cases
were tricuspid regurgitant (TR) velocity =2.8-2.9 m/sec and
pulmonary artery systolic pressure (PASP) =40 mmHg. In
our study, the patients diagnosed with COPD were divided
into two groups according to the TTE: group 1, COPD with
PH (24 females, 126 males; median age, 70.03 years), and
group 2, COPD without PH (57 females, 363 males; median
age, 67.19 years).

In addition, 506 healthy individuals were enrolled (92
females, 414 males; median age, 56.49 years) as a control

group. All participants were from Han population of the
southern part of China.

Spirometry and calculated method

COPD was defined as a post-BD FEV /FVC ratio of 0.7 in
patients aged =40 years, according to the GOLD guideline.
Percentages of the predicted values were used to show the
spirometry results. In addition, the results were calculated
based on Morris’s predictive equations as follows (height
in inches):

Predicted FEV | for men =0.092x height —0.032x age
-1.26

Predicted FEV, for women =0.089x height —0.025x age
-1.932

TTE and the calculated method

PH was defined by RHC showing precapillary PH with a
mean pulmonary artery pressure of >25 mmHg and a normal
pulmonary artery wedge pressure of <15 mmHg.?*** RHC
was recognized as a standard criteria for the diagnosis of
PH, which could provide more accurate pulmonary vascular
resistance and pulmonary arterial hypertension. When the
pulmonary outflow was obstructed, TTE could provide an
estimate of the right ventricular systolic pressure (RVSP),
as the value was equivalent to the systolic pulmonary arte-
rial pressure. Based on the velocity of TR jet, the RVSP and
pulmonary arterial pressure can be calculated. The velocity
of the TR jet can be used to calculate the RVSP using the
simplified Bernoulli equation:

RVSP =4y + RAP

where v is the peak velocity of the TR jet in m/sec and RAP
is the right atrial pressure that is estimated from inferior
vena cava diameter and collapsibility with sniff.> When
pulmonic stenosis or right ventricular outflow obstruction
was absent, PASP is equivalent to RVSP. The TR jet velocity
of =2.8-2.9 m/sec and PASP of =40 mmHg were defined
as abnormal.?

Demographic and clinical data
A standardized epidemiological questionnaire was designed
to collect the demographic and personal data, and the infor-
mation such as personal details (age, sex, ethnicity, and
residential region), diet habit, smoking history, and family
history of COPD was included.

Written informed consent was provided by all partici-
pants in the study. The study was approved by the ethics
committee of the First Affiliated Hospital of Guangzhou
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Medical University. Approximately 5 mL of peripheral blood
was taken from each subject.

Selection and genotyping of tag

SNPs (tSNPs)

SNPs were selected from the regulatory region of TRPM$
gene which were from the coding regions within 3,000 bp.
SNPs with minor allele frequency (MAF) >5% in the HapMap
Chinese Han Beijing population were selected. tSNPs were
selected based on the linkage disequilibrium (LD) analysis
of 45 samples from controls. The methods for sequenc-
ing and SNP annotation were as follows: genomic DNA
was extracted from whole blood using the QIAamp DNA
Blood Mini Kit (QIAGEN Co. Ltd., Diisseldorf, Germany).
DNA concentration was measured using a NanoDrop 2000
(Thermo Scientific, Fitchburg, WI, USA). tSNPs were
genotyped with the SNPseq assay, an efficient multiple
gene region enrichment/next-generation sequencing-based
assay for SNP genotyping by Genesky Biotechnologies, Inc.
(Shanghai, China). Briefly, segments of DNA containing
tSNPs were amplified using the EasyTarget™ Amplification
Kit (Genesky Biotechnologies, Inc.), which was developed
using cycled primer extension and ligation-dependent ampli-
fication (CPELA). The CPELA method has been described
as a fast and simple method for multiple gene region enrich-
ment for massively parallel sequencing.?” Next-generation
sequencing of the amplification products was carried out by
HiSeq 2000 Sequencer (Illumina, Inc., San Diego, CA, USA)
following the manufacturer’s standard sequencing protocols.
Output sequence data were trimmed and then compared
with fragment reference sequences (hgl9) using the Blat
program.?® Burrows- Wheeler Aligner (BWA, v0.7.5a) was
used to map the reads,” followed by Sequence Alignment/
Map (SAM)-to-BAM conversion, sorting, and removal of
duplicates using SAM tools (v0.1.19).3%3" Combined SNP
calling was performed on the resulting BAM files using
Genome Analysis Toolkit (GATK) and Varscan programs.*
The Annovar program was used for SNP annotation.*

Statistical analysis

Quantitative data were shown as median * standard devia-
tion. Student’s 7-test was used to compare the differences of
quantitative data, and y” test was applied for qualitative data
comparison. Deviation from Hardy—Weinberg equilibrium
(HWE) of genotypic distribution of each SNP in controls was
analyzed using Fisher’s exact test. When P>0.05, we defined
that the population were in genetic balance. The population
would not be suitable for enrolling in the study as control
if P<0.05. In addition, the Pearson’s y* and Fisher’s exact

tests were used to calculate the allele frequencies of cases and
controls, and MAF in controls was defined as baseline. After
adjusting for age, sex, and smoking status, odds ratios (ORs)
and 95% confidence interval (95% CI) were calculated using
unconditional logistic regression analysis.* The relationship
between the selected SNPs and the risk of COPD was calcu-
lated using genotypic model analysis (codominant, dominant,
recessive, overdominant, and log additive) by the website
software program SNPStats.*® The analyses, including LD,
haplotype construction, and genetic association at polymor-
phism loci, were performed using the Haploview software
package (version 4.2) and SHEsis software platform?22.
In the LD analysis, pairwise distance among SNPs >500 kb
was ignored. D’ value was used to evaluate the LD for each
pair of SNPs, and variants with the red square indicated that
the two related sites were in complete LD (D’=1). D’ value
equaling to 0.8 indicated that the related tSNPs formed one
block.**37 Haplotypes were constructed using SNPs in the
same LD block, and haplotype frequency of >0.05 was
selected. Finally, one SNP in TRPMS from each LD block
was selected for the research.

Statistical analyses were performed using Microsoft
Excel (Microsoft Corporation, Redmond, WA, USA) and
SPSS 19.0 statistical package (IBM Corporation, Armonk,
NY, USA). In the study, all the P-values were two-sided, and
P<0.05 was defined as statistically significant.

Results

The characteristics of the enrolled patients are given in
Table 1. A total of 531 COPD patients from the southern part
of China were enrolled in the study, including 150 individu-
als with PH, and 506 healthy sex-matched volunteers were
enrolled in the control group. No significant differences were
found between the COPD and control groups in terms of sex
(P=0.3128) or body mass index (BMI; P=0.575). However,
COPD patients were significantly older than healthy controls
(68.02£11.21 years vs 56.4919.43 years, P<0.001). Patients
with COPD had longer average smoking exposure (43.08 vs
39.45 pack-years, P<<0.001) and significantly worse lung
functions as compared with control subjects in terms of the
predicted FEV % (36.77% vs 95.77%, P<<0.001) and FEV /
FVC ratio (0.43 vs 0.81, P<<0.001).

Patients with COPD were divided into two groups based
on the PASP value: COPD with PH and COPD without PH.
For the group with PH in COPD, there were no significant
differences in age, sex, BMI, and smoking status (P=0.190,
1.000, 0.051, and 0.467, respectively). Moreover, the two
groups exhibited significantly different PASP values (49.64
vs 25.37, P<<0.001) and FEV1/FVC (P=0.004).
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Table | Characteristics and grouping of the study population

Characteristics Cases Controls P-value COPD with PH COPD without PH P-value
n 513 506 150 363

Age, years (mean+SD) 68.02+11.21 56.49+9.43 <0.001 70.03£12.37 67.19+10.60 0.190
Male, n% 432 (84.21) 414 (81.82) 0.318 126 (84.00) 306 (84.30) 1.000
Pack-years 43.08+21.71 39.45+19.58 <0.001 41.93+21.65 40.47+23.51 0.467
BMI, kg/m? 23.75+2.57 24.18+2.48 0.575 24.16+2.27 23.57+2.69 0.051
FEV %, predicted 36.77+16.94 95.77+12.98 <0.001 35.67£16.10 37.23%18.64 0.138
FEV /FVC 0.43+0.19 0.8110.96 <0.001 0.4340.15 0.45+0.26 0.004
GOLD classification Level 3 Level 3 Level 3

PASP, mmHg 49.64+14.25 25.37+5.73 <0.001

Note: P<<0.05 indicates statistical significance.

Abbreviations: BMI, body mass index; GOLD, Global initiative for chronic Obstructive Lung Disease; FEVl, forced expiratory volume in | second; FVC, forced vital capacity;

PASP, pulmonary artery systolic pressure; PH, pulmonary hypertension.

Association of TRPM8 SNPs with risk of
COPD

Table 2 summarizes the basic characteristics of the SNPs
in the study population and shows that all the five SNPs
from controls were in HWE (P>0.05). The differences in
frequency distributions of alleles between cases and controls
compared by Pearson’s j? test showed that the minor allele
“C” 0f rs9789398 from TRPMS8 was significantly associated
with the risk of COPD in the study population (P=0.040,
OR =1.33, 95% CI =1.01-1.74).

Comparing the possession of minor allele, it has been
hypothesized that harboring the minor allele of each SNP was
a risk factor. Table 3 shows the relationship between SNPs
and the risk of COPD under various genetic models. Our anal-
yses showed that crude analysis 0of rs9789398 was associated
with an increased risk of COPD under the dominant model
(P=0.024, OR =1.41, 95% CI=1.05-1.90), the overdominant
model (P=0.021, OR =1.43, 95% CI =1.05-1.94), and log-
additive model (P=0.037, OR =1.34, 95% CI =1.02-1.77).
However, after adjusting for age, sex, and smoking status, no
significant relationship was observed between rs9789398 and
the risk of COPD under any different genotypic models.

Association between COPD and smoking status was well
documented. A smoking status stratification analysis was

Table 2 Basic characteristics of SNPs in the enrolled population

performed to eliminate potential confounding effects caused
by differences in smoking history. As shown in Table 4, there
was no significant association between SNPs and the risk of
COPD in nonsmokers (n=247) or former smokers (n=454).
However, SNP analysis among samples from current smokers
(n=318) showed that the rs9789675 and rs9789398 polymor-
phisms were significantly associated with the risk of COPD
after adjusting for age, sex, and pack-years. In the rs9789675
polymorphism, the GA genotype was associated with an
increased risk of COPD (P=0.021). Under the assumption of
models of inheritance, the rs9789675 polymorphism was sig-
nificantly related to the risk of COPD (the dominant model:
GA + AA vs GG: OR =2.00, 95% CI =1.08-3.72, P=0.026;
the overdominant model: GA vs GG-AA: OR =1.94, 95%
CI =1.02-3.67, P=0.04). Moreover, it was shown that the
rs9789398 polymorphism was associated with the risk of
COPD (the codominant model: TT vs TC vs CC: OR =2.48,
95% CI=1.25-4.93, P=0.022; the dominant model: TC—CC
vs TT: OR =2.48, 95% CI =1.28-4.77, P=0.0057; the
overdominant model: TC vs TT-CC: OR =2.43, 95%
CI=1.23-4.80, P=0.0092). The TC genotype was associated
with an increased risk of COPD (P=0.005).

Based on haplotype analyses, rs2362290, rs9789675,
rs9789398, rs1003540, and rs1004478 were in complete LD.

SNPs Chromosomes Position Gene Allele Risk of COPD Risk of COPD with PH
HWE-P OR 95%CI Allele, HWE-P OR 95%ClI Allele,
P-value P-value

rs2362290 2q37.1 233916724 TRPM8 AG 0.061 1.03 0.85-1.24 0.781 0.291 08 0.60-1.07 0.130
rs9789675 2q37.1 233916914 TRPM8 AG 0.494 1.17  091-1.51 0.241 0.453 0.63 0.42-0.97 0.034*
rs9789398 2q37.1 233916979 TRPM8 CT 0.922 1.33  1.01-1.74 0.040* 0.609 1.59 1.03-2.44 0.034*
rs1003540 2q37.1 233917239 TRPM8 AG 0.065 099 0.82-1.19 0912 0.394 1.28 0.96-1.70 0.394
rs1004478 2q37.1 233917250 TRPM8 CG 0.06 096 0.80-1.16 0.683 0.182 1.21  091-1.62 0.194

Note: *P<<0.05 indicates statistical significance.

Abbreviations: Cl, confidence interval; HWE-P, P-value of Hardy—Weinberg equilibrium; OR, odds ratio; PH, pulmonary hypertension; SNP, single nucleotide polymorphism;

TRPMB8, transient receptor potential cation channel subfamily M member 8.
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Table 3 Association between rs9789398 genotypes and the risk of COPD

Model Genotype Control Case Without adjustment With adjustment
OR (95% CI) P-value® OR (95% CI) P-value®
Codominant TT 377 (79.2%) 351 (73%) 1.00 0.069 1.00 0.2
TC 93 (19.5%) 124 (25.8%) 1.43 (1.05-1.94) 1.37 (0.96-1.95)
CcC 6 (1.3%) 6 (1.2%) 1.07 (0.34-3.36) 1.29 (0.37-4.56)
Dominant TT 377 (79.2%) 351 (73%) 1.00 0.024* 1.00 0.074
TC-CC 99 (20.8%) 130 (27%) 1.41 (1.05-1.90) 1.37 (0.97-1.93)
Recessive TT-TC 470 (98.7%) 475 (98.8%) 1.00 0.99 1.00 0.77
CcC 6 (1.3%) 6 (1.2%) 0.99 (0.32-3.09) 1.20 (0.344.25)
Overdominant TT-CC 383 (80.5%) 357 (74.2%) 1.00 0.021* 1.00 0.082
TC 93 (19.5%) 124 (25.8%) 1.43 (1.05-1.94) 1.37 (0.96-1.94)
Log additive 1.34 (1.02-1.77) 0.037%* 1.32 (0.96-1.80) 0.088

Notes: *P<<0.05 indicates statistical significance. *P-values were calculated by two-sided j? tests or Fisher’s exact tests for each genotype distribution. "P-values were

calculated by unconditional logistic regression adjusted for age, sex, and smoking status.

Abbreviations: Cl, confidence interval; OR, odds ratio.

However, no significant association between the selected
haplotype and the risk of COPD was found.

Association of the TRPM8 SNPs with the

risk of PH in COPD

Table 2 also shows the MAF of all SNPs genotyped in the
COPD with PH group. HWE test revealed that the genotypic
distribution of all SNPs conformed to HWE in the control
group (P>0.05). Using the }? test, two SNPs (rs9789675
and rs9789398) were significantly associated with the risk
of PH among COPD patients (OR =0.63, 95% CI, 0.42-0.97,
P=0.034 and OR =1.59, 95% CI, 1.03-2.44, P=0.034,
respectively).

As shown in Table 5, crude analysis revealed that the
genotypes “GA” and “AA” of rs9789675 were associated
with a decreased risk of PH in COPD under the dominant
model (P=0.036, OR =0.62, 95% CI =0.39-0.98), the
dominant model (P=0.013, OR =0.40, 95% CI1=0.19-0.88),
and the log-additive model (P=0.027, OR =0.62, 95%
CI=0.23-0.97). “TC” and “CC” of rs9789398 were associ-
ated with a decreased risk of PH in COPD under the dominant
model (P=0.027, OR =0.60, 95% CI =0.37-0.95), the over-
dominant model (P=0.04, OR =0.47, 95% CI =0.05-4.05),
and log-additive model (P=0.026, OR =0.61, 95%
CI =0.39-0.95). In addition, “CG” of rs1004478 was also
significantly associated with a decreased risk of PH in COPD

Table 4 Association between TRPM8 and COPD by smoking status: stratified analysis

Reference Genotypes Nonsmokers (n=247) Former smokers (n=454) Current smokers (n=318)
SNPID COPD;  Control; P-valuee COPD;  Control; P-value® COPD;  Control;  P-value®
n=126 (%) n=121 (%) n=214 (%) n=240 (%) n=173 (%) n=145 (%)

rs2362290 GG 11(8.9) 9(7.9) 0.713 16 (7.6) 24 (10.1) 0.399 14 (8.1) 9 (6) 0.589
GA 61 (49.6) 55 (48.2) 0.759 106 (50.2) 114 (48.1)  0.865 69 (39.9) 67 (44.7) 0.474
AA 51 (41.5) 50 (43.9) 89 (42.2) 99 (41.8) 90 (52) 74 (49.3)

rs9789675  AA 2 (1.6) 1 (0.9) 0.610 2(1) 3(1.3) 0.702 4(24) 2 (1.4) 0412
GA 40 (32.5) 29 (27.4) 0.376 42 (20.3) 57 (24.6) 0.276 45 (26.8) 24 (16.2) 0.021*
GG 81 (65.8) 76 (71.4) 163 (78.7) 172 (74.1) 119 (70.8) 122 (82.4)

rs9789398 CC 1 (0.8) (1) 0.975 | (0.5) 3(1.3) 0.747 4(2.5) 2 (1.4) 0.375
TC 40 (32.8) 25 (23.8) 0.138 41 (20.7) 48 (21.3) 0.840 43 (26.7) 20 (13.7) 0.005*
TT 8l (66.4) 79 (75.2) 156 (78.8) 174 (77.3) 114 (70.8) 124 (84.9)

rs1003540 AA 11(9) 8(7.3) 0.479 16 (7.6) 23 (9.9) 0.455 14 (8.2) 9 (6) 0.627
AG 62 (50.8) 51 (46.4) 0.393 105 (50) 111 (47.8) 0.838 65 (38.2) 68 (45.3) 0.257
GG 49 (40.2) 51 (46.4) 89 (42.2) 98 (42.2) 91 (53.5) 73 (48.7)

rs1004478 GG 8 (6.6) 13 (11.4) 0.319 23 (10.9) 17 (7.1) 0.151 28 (16.5) 18 (12) 0.388
CG 60 (49.2) 60 (52.6) 0.124 97 (46.2) 112 (46.9)  0.775 73 (42.9) 72 (48) 0.603
CcC 54 (44.3) 41 (36) 90 (42.9) 110 (46) 69 (40.6) 60 (40)

Notes: *P-values were calculated by logistic regression adjusted for age and sex in nonsmokers. ®P-values were calculated by logistic regression adjusted for age, sex, and

pack-years in former and current smokers. *P<<0.05.

Abbreviations: SNP, single nucleotide polymorphism; TRPM8, transient receptor potential cation channel subfamily M member 8.
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Table 5 Association between genotypes (rs9789675, rs9789398, and rs1004478) and the risk of PH in COPD

SNP Model Genotype Control Case Without adjustment With adjustment
OR (95% CI) P-value® OR (95% CI) P-value®
rs9789675 Codominant GG 248 (70.2%) 115 (79.3%) 1.00 0.084 1.00 0.10
GA 98 (27.8%) 29 (20%) 0.64 (0.40-1.02) 0.64 (0.40-1.04)
AA 7 (2%) 1 (0.7%) 0.31 (0.04-2.53) 0.35 (0.04-2.90)
Dominant GG 248 (70.2%) 115 (79.3%) 1.00 0.036* 1.00 0.045
GA-AA 105 (29.8%) 30 (20.7%) 0.62 (0.39-0.98) 0.6 (0.39-1.00)
Recessive GG-GA 346 (98%) 144 (99.3%) 1.00 0.260 1.00 0.330
AA 7 (2%) 1 (0.7%) 0.34 (0.04-2.82) 0.39 (0.05-3.21)
Overdominant GG-AA 255 (72.2%) 116 (80%) 1.00 0.066 1.00 0.076
GA 98 (27.8%) 29 (20%) 0.65 (0.41-1.04) 0.66 (0.41-1.05)
Log additive - - - 0.62 (0.40-0.96) 0.027%* 0.64 (0.41-0.99) 0.037
rs9789398 Codominant TT 237 (70.1%) 114 (79.7%) 1.00 0.082 1.00 0.100
TC 96 (28.4%) 28 (19.6%) 0.61 (0.38-0.98) 0.61 (0.38-0.99)
CcC 5 (1.5%) 1 (0.7%) 0.42 (0.05-3.60) 0.47 (0.054.17)
Dominant TT 237 (70.1%) 114 (79.7%) 1.00 0.027* 1.00 0.034*
TC-CC 101 (29.9%) 1 (1.7%) 0.60 (0.37-0.95) 0.60 (0.38-0.97)
Recessive TT-TC 333 (98.5%) 115 (80.4%) 1.00 0.46 1.00 0.540
CcC 5 (1.5%) 28 (19.6%) 0.47 (0.05-4.05) 0.53 (0.06—4.65)
Overdominant TT-CC 242 (71.6%) 1.00 0.04* 1.00 0.045*
TC 96 (28.4%) 0.61 (0.38-0.99) 0.62 (0.38-1.00)
Log additive - - - 0.61 (0.39-0.95) 0.026* 0.62 (0.40-0.98) 0.034%*
rs1004478 Codominant CcC 140 (39.4%) 73 (49.7%) 1.00 0.048* 1.00 0.055
CG 175 (49.3%) 55 (37.4%) 0.60 (0.40-0.91) 0.60 (0.40-0.92)
GG 40 (11.3%) 19 (12.9%) 0.91 (0.49-1.69) 0.88 (0.47-1.64)
Dominant CC 140 (39.4%) 73 (49.7%) 1.00 0.036* 1.00 0.036*
CG-GG 215 (60.6%) 74 (50.3%) 0.66 (0.45-0.97) 0.66 (0.44-0.92)
Recessive CC-CG 312 (88.7%) 128 (87.1%) 1.00 0.600 1.00 0.690
GG 40 (11.3%) 19 (12.9%) 1.17 (0.65-2.10) 1.13 (0.62-2.03)
Overdominant CC-GG 180 (50.7%) 92 (62.6%) 1.00 0.015% 1.00 0.018*%
CG 175 (49.3%) 55 (37.4%) 0.61 (0.41-0.91) 0.62 (0.42-0.93)
Log additive - - - 0.82 (0.61-1.10) 0.190 0.82 (0.61-1.10) 0.170

Notes: *P<<0.05 indicates statistical significance. *P-values were calculated by two-sided }? tests or Fisher’s exact tests for each genotype distribution. ®P-values were

calculated by unconditional logistic regression adjusted for age, sex, and smoking status.

Abbreviations: Cl, confidence interval; OR, odds ratio; PH, pulmonary hypertension; SNP, single nucleotide polymorphism.

under the codominant model (P=0.048, OR =0.60, 95%
CI =0.40-0.91), the dominant model (P=0.036, OR =0.66,
95% CI =0.45-0.97), and overdominant model (P=0.015,
OR =0.61, 95% CI =0.41-0.91). After adjusting for sex,
age, and smoking status, these three SNPs also showed a
significant association with the risk of PH in COPD.

As shown in Figure 1, one haplotype block including
five SNPs (rs2362290, rs9789675, rs9789398, rs1003540,
and rs1004478) with D’=1 was detected in TRPM8 SNPs
by haplotype analyses. Haplotypes with frequencies equal-
ing to 1% were selected for the analysis. The five SNPs
constructed four haplotypes (“AGTGG”, “GGTAC”,
“AGTGC”, and “AACGC”). As shown in Table 6, there was
a trend toward an increased risk of COPD and the haplo-
type “AGTGC” in the TRPMS gene after adjusting for sex,
age, and smoking status (OR =1.44, 95% CI =0.98-2.12,
P=0.043).

Discussion
Based on the data from 513 COPD patients and 506 controls
from the Chinese Han population, the study demonstrated
that rs9789398 in the TRPMS8 gene was significantly associ-
ated with the risk of COPD in the Chinese Han population.
Moreover, 1s9789675, rs9789398, and rs1004478 in TRPMS8
were significantly associated with the risk of PH in COPD.
Previous data demonstrated that TRP superfamily of
existence of cation channels in a broad range of cell types
played key roles in respiratory diseases such as COPD and
asthma.*® Among this subfamily, TRPM2, TRPM4, and
TRPMS are emerging as possible targets in the treatment
of respiratory diseases.** In 2006, TRPMS8 antagonists was
used as potential therapeutic agents for the treatment of
asthma, COPD, and allergic rhinitis.*° Subsequently, TRPMS
antagonists have been designed to treat several conditions
such as COPD and PH. The possible treatment of respiratory
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Figure | LD plots containing four SNPs from the TRPM8.

Notes: LD analysis of TRPM8 in the Chinese Han controls. LD is indicated using
standard color schemes with red signifying very strong LD (LOD =2, D’=1) and pink
signifying relatively weak LD (LOD =2, D’=l).

Abbreviations: LD, linkage disequilibrium; LOD, likelihood of odds; SNP, single
nucleotide polymorphism; TRPM8, transient receptor potential cation channel
subfamily M member 8.

disorders with TRPMS&-specific ligands is currently being
examined at an early exploratory stage. A Russian ethnic
group showed that subjects with heterozygous genotype
GC in SNP rs11562975 were characterized by increasing
sensation of cold, hypometabolic response to local skin cool-
ing, and non-temperature activation of TRPMS ion channel
by menthol, ie, decrease in total metabolism, pulmonary
ventilation, and coefficient of oxygen extraction.*’ Although
no SNPs located in TRPMS were reported, abundant genetic
variation contributing to COPD susceptibility has been put
forward. Using quantitative meta-analysis, Castaldi et al'
showed that four variants in GSTM1, TGFBI, TNF, and
SOD3 would influence the development of COPD. The
associations of HHIP on 4q31, FAMI34 on 4q22, BICDI
on 12pl1., and CHRNA3/5 on 15q25 with the risk of COPD
were reported in the GWA study.'*

COPD is widely recognized as a complex disease with
genetic—environmental interactions, which has become one
of the primary causes of morbidity.** Traditionally, it is
considered that cigarette smoking is an underlying risk factor
for the development of COPD. However, data showed that
only 10%—15% of chronic, heavy cigarette smokers would
develop symptomatic airflow obstruction. In the current
study, there was no significant association between studied
SNPs and the risk of COPD among nonsmokers or former
smokers. Notably, the analysis of the SNPs of the rs9789675
and the rs9789398 polymorphisms demonstrated that the two
SNPs were significantly associated with the risk of COPD
among current smokers, which might contribute to elucidate
the pathogenesis of COPD and the high incidence of COPD
among smokers.

Mild-to-moderate PH is a common complication of
COPD. Previous evidence demonstrated that pulmonary
vascular remodeling in COPD was the main reason for
increased pulmonary artery pressure. Moreover, the remodel-
ing was recognized as the result from the combined effects
of hypoxia, inflammation, and loss of capillaries in severe
emphysema.* Notably, previous evidence demonstrated that
TRPMS might mediate secretion of bronchial epithelial cells
introduced by cold temperature, including IL-1ct, IL-13, IL-4,
IL-6, etc.** Our data showed that three SNPs, including
1s9789675, rs9789398, and rs1004478 located in TRPMS,
were significantly associated with the risk of PH in COPD.
Although no experimental evidence supports the association,
further study will be taken into consideration focusing on the
role of the SNPs in the risk of PH.

There are some limitations to be noted. First, genetic
associations with COPD or PH in COPD were not able to
elucidate causal mechanisms, and a larger sample size and
a greater number of loci would be needed for additional
evidence regarding the role of these genes in COPD and
PH in COPD. Second, the effects of secondhand smoke
or other smoke in the “non-smoking” individuals were
not taken into account. Hence, our future research would
incorporate the analysis of the relationship between COPD

Table 6 Haplotype association with response (n=508, adjusted for smoking status + sex + age)

rs2362290 rs9789675 rs9789398 rs1003540 rs1004478 Frequency OR (95% CI) P-value
| A G T G G 0.3463 1.00 -
2 G G T A C 0.3057 1.30 (0.92-1.84) 0.14
3 A G T G C 0.201 1.44 (0.98-2.12) 0.043*
4 A A C G C 0.1298 0.71 (0.43-1.16) 0.17
Rare * * * * * 0.0173 1.40 (0.46—4.25) 0.56

Note: Global haplotype association: P-value, 0.051. *P<<0.05.
Abbreviations: Cl, confidence interval; OR, odds ratio.
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and the detailed smoking status, including smoking inten-
sity, secondhand smoking, and air smog. Moreover, in
the current study, the investigation was not performed in
heterozygous patients due to the limited sample size. Fur-
ther study enrolling larger sample size is needed to verify
the strength of the study.

To the best of our knowledge, we are the first to identify
one candidate locus (rs9789398) associated with an increased
risk of COPD in the Chinese Han population. In addition,
we are the first to report that three candidate loci rs9789398,
rs9789675, and rs1004478 were associated with the risk of
PH development in COPD. These findings might provide a
novel insight for exploring the pathogenesis of COPD and
new treatment strategies. In a further study, the functional
changes introduced by mutated TRPMS8 need to be explored,
including the underlying mechanisms.
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