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Abstract: Certain transient receptor potential (TRP) channels including TRPMS8 and TRPA1 are
widely expressed in the respiratory tract and have been shown to be the receptors of cigarette
smoke and particulate matter—the main causative factors of chronic obstructive pulmonary disease
(COPD). The aim of the study was to investigate the effect of TRPMS8 and TRPA1 polymorphisms on
COPD predisposition and lung function in COPD patients. The study enrolled 143 COPD patients
and 104 smokers with post-bronchodilator forced expiratory volume in one second (FEV1)/forced
vital capacity (FVC) > 70%. Lung function was measured by spirometry. TRPMS8 and TRPA1
polymorphisms were genotyped by LATE-PCR. None of the polymorphisms significantly influenced
COPD predisposition after correction for covariates and multiple testing. Among COPD patients,
the TT genotype of TRPA1 rs7819749 was significantly associated with higher degree of bronchial
obstruction. In addition, we established that carriers of the C allele of TRPMS8 rs11562975 more
commonly had post-bronchodilator FEV1 < 60% (OR 3.2, 95%CI (1.14-8.94), p = 0.03) and revealed
the effect of TRPA1 rs959976 and TRPMS8 rs17865682 on bronchodilator response in COPD. Thus,
the obtained results suggest possible involvement of TRPM8 and TRPA1 in COPD pathogenesis,
indicating the necessity to further investigate their functional role in this pathology.
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1. Introduction

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines, chronic obstructive pulmonary disease (COPD) is a common, preventable and
treatable disease characterized by persistent respiratory symptoms and airflow limitation
due to airway and/or alveolar abnormalities usually caused by significant exposure to
noxious particles or gases [1]. In 2010, the estimated worldwide COPD prevalence was
11.7% (8.4%—15.0%), with the highest values in the USA (15.2% (14.9%-15.5%)) and the
lowest in South-East Asia (9.7% (9.3%-10.1%)) [2]. An increase of 68.9% in COPD cases
has been observed over a twenty-year period worldwide, mainly at the expense of urban
populations [2]. Although the disease is defined as ‘treatable’, the effectiveness of the
modern therapeutic approaches remains relatively limited. Despite proper treatment,
some patients continue to experience frequent exacerbations with progressive loss of
lung function which eventually leads to disability and premature mortality. Since 2010,
COPD has become the third leading cause of death, with mortality rate up to 141 per
100,000 person-years, in some countries [3]. The presence of different clinical phenotypes
of COPD with corresponding underlying pathogenesis implies the urge for a personalized
approach in disease management and the discovery of novel pharmacological targets [4].

J. Pers. Med. 2021, 11, 108. https:/ /doi.org/10.3390/jpm11020108

https:/ /www.mdpi.com/journal /jpm


https://www.mdpi.com/journal/jpm
https://www.mdpi.com
https://orcid.org/0000-0003-3921-8755
https://orcid.org/0000-0002-1984-2596
https://orcid.org/0000-0002-9411-7474
https://doi.org/10.3390/jpm11020108
https://doi.org/10.3390/jpm11020108
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jpm11020108
https://www.mdpi.com/journal/jpm
https://www.mdpi.com/2075-4426/11/2/108?type=check_update&version=2

J. Pers. Med. 2021, 11, 108

20f11

Tobacco smoking is widely considered to be among the major risk factors for COPD.
However, in ever-smokers, only 17.8% were reported to have COPD. Nevertheless, among
non-smokers the prevalence of COPD is significantly lower (6.4%) [5]. In the latter category
of patient, a substantial role in COPD development belongs to occupational exposures and
general air pollution, including traffic, biomass and secondhand smoke [6].

Usually, cigarette smoke and air pollutants are thought to exert their effect on the
airways in a non-specific manner, promoting reactive oxygen species (ROS) production,
release of damage-associated molecular pattern molecules and activation of inflammatory
cells. However, a growing body of data generated during the latest decade has provided us
with new ideas of how transient receptor potential (TRP) channels may mediate the effect
of cigarette smoke and particulate matter on living cells and so be potentially important in
COPD pathogenesis.

TRP channels represent a family of receptor proteins sensitive to a variety of exo- and
endogenous stimuli of a physical and chemical nature [7]. Up to date, four main TRP
channels have been established as receptors of smoke constituents and particles: TRPMS,
TRPA1, TRPV1 and TRPV4. These channels may be found throughout the respiratory
system on different cell types, including nerve endings, bronchial and alveolar epithelium,
macrophages and other cells of the immune system [8]. Among them, TRPAI is the
most consistently reported receptor of cigarette smoke, sensitive to such toxic carbonyl
compounds as formaldehyde and acrolein [9]. Along with TRPA1, TRPMS, TRPV1 and
TRPV4 were also found to be sensitive to cigarette smoke and particulate matter [10-14].
Besides, TRPV1, TRPMS and, to a lesser extent, TRPA1 were capable of activation under
exposition with coal fly ash [15].

There are few studies which have previously investigated an association between
TRP genetic polymorphisms and COPD. The first, conducted by Zhu et al., utilized both
family-based and case-control design and revealed four single-nucleotide polymorphisms
(SNPs) of TRPV4 persistently associated with COPD [16]. Another two studies established
that the polymorphisms of TRPMS and TRPV1 may influence COPD predisposition in the
Chinese Han population [17,18]. However, TRPMS8 or TRPV1 variants that showed the
most significant associations are almost absent in Europeans due to extremely low minor
allele frequency, so it is difficult to replicate or extrapolate the obtained results. Considering
these facts, the aim of the present study was to investigate the effect of TRPMS8 and TRPA1
polymorphisms on COPD predisposition and lung function in a European population.

2. Materials and Methods
2.1. Study Population

A total of 247 unrelated subjects including 143 COPD patients from the inpatient
department of the Far Eastern Scientific Center of Physiology and Pathology of Respira-
tion and 104 healthy controls were enrolled in the study. All the enrolled persons were
Europeans living in the Amur Oblast of Russia. COPD was diagnosed by standard crite-
ria (symptoms, risk factors, post-bronchodilator forced expiratory volume in one second
(FEV1)/forced vital capacity (FVC) < 70%) according to GOLD guidelines [1]. Subjects for
the control group were recruited from active smokers with FEV1/FVC > 70% undergoing
regular medical examination in the outpatient department. Subjects without smoking his-
tory or those who had any other respiratory pathology, besides COPD, were not included
in the study. The study was approved by the local Ethics Committee of the Far Eastern
Scientific Center of Physiology and Pathology of Respiration (Ethics approval No. 131;
11 January 2019) and conducted in accordance with the Declaration of Helsinki—Ethical
Principles for Medical Research Involving Human Subjects (revised in 2013). An informed
consent was obtained from all the participants before inclusion in the study.

2.2. Lung Function Measurement

Lung function was measured by standard spirometry using an Easy-on PC spirometer
(ndd Medizintechnik AG, Zurich, Switzerland) in accordance with American Thoracic
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Society /European Respiratory Society (ATS/ERS) guidelines [19]. Values of forced expi-
ratory volume in one second (FEV1), forced vital capacity (FVC), FEV1/FVC ratio, peak
expiratory flow (PEF), forced expiratory flow at 50% and 75% of FVC (FEF50 and FEF75)
and maximum mid-expiratory flow (MMEF) were determined before and 15 min after
four puffs of salbutamol (400 ng). Positive response to bronchodilator was defined as an
increase in FEV1 by >12% or >200 mL 15 min after salbutamol inhalation.

2.3. Genotyping

Genomic DNA was extracted from whole blood using the DNK-Extran-1 kits (Syntol
LLC, Moscow, Russia). Five TRPMS and six TRPA1 polymorphisms were selected based on
the combined approach considering minor allele frequency (>0.05), evidence of associations
from the previous studies and functional significance predicted by the bioinformatic tool
SNP Function Prediction [20]. Brief characteristics of the selected polymorphisms are
summarized in Table 1. The polymorphisms were genotyped by LATE-PCR with melting
analysis of molecular beacon probes [21]. PCR was performed on CFX96 Touch Real-Time
PCR System (Bio-Rad, Hercules, CA, USA) using PCR-RV reagent kits (Syntol LLC, Moscow,
Russia). The reaction mixture contained: DNA—?50 ng, 1X PCR-buffer, MgCl,—2.5 mM,
dNTP—0.25 mM, limiting primer—0.02 uM, excessive primer—0.5 uM, molecular beacon
probe—0.5 uM, Hot-Start Taq-polymerase—1 U, ddH,0—up to 25 uL. Thermal cycling was
performed under the following conditions for each polymorphism: initial denaturation
at 96 °C for 1.5 min; first 25 cycles—denaturation at 96 °C for 1 s, annealing/extension
at primer-specific temperature (Ta;) for 15 s; following 45 cycles—denaturation at 96 °C
for 1 s, annealing/extension at primer-specific temperature (Ta;) for 15 s; final extension
at 72 °C for 1 min. Ramp rate was set to 3 °C/s. Melting analysis of molecular beacon
was performed immediately after the thermal cycling but was preceded by a denaturation
step at 96 °C for 3 min and hybridization at 30 °C for 3 min. Then, PCR tubes were
heated stepwise from 30 °C to 70 °C at a rate of 0.5 °C per step with 5 s hold at each
temperature. A fluorescent signal in the FAM channel was detected at the end of each
step. The form of generated melting curves allowed for allelic discrimination relying
on the corresponding peaks on the negative first derivative of the fluorescence-versus-
temperature plots (Figure 1). Detailed information on polymorphism genotyping including
oligonucleotide sequences, concentrations and thermal cycling conditions is available in
Supplementary Table S1.

Table 1. Brief characteristics of the studied polymorphisms.

RefSNP Chromo§9me . Nusleotlc'l‘e Selection
No Gene and Position Region (Amino-acid) Criteria
' (GRCh38) Substitution

187577262 TRPMS 2:233910224 5'-near gene g.233910224G >A [22,23]

rs10166942 TRPMS 2:233916448 5'-near gene c.-990T > C [24-26]
) ¢.750G > C
rs11562975 TRPMS 2:233945906 exon (p.Leu250 =) [27,28]
152052030 TRPMS 2:234018966 3-UTR c*1710C > G possible miRNA
binding site
rs17865682 TRPMS 2:234019581 3/-near gene c.*2325A > G [29]
g
c.535G > A
15920829 TRPA1 8:72065468 exon (p.Glul79Lys) [30,31]
missense SNP,
157819749 TRPA1 8:72063566 exon ( CLS 5581%6121) possible exonic
p-Ly splicing silencer
rs4738202 TRPA1 8:72028626 intron .2937+1275T > C [31]
. c.3053A > G

rs959976 TRPA1 8:72023910 exon (p-His1018Arg) [32]
15959974 TRPA1 8:72023604 intron ¢.3149+210C > A [31]
156996723 TRPA1 8:72021397 3/-UTR c*1509G > A possible miRNA

binding site
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Figure 1. Representative melting curves corresponding to three different genotypes of TRPMS8
152052030 polymorphism. Single peaks at 60 °C and 50 °C correspond to the CC and GG genotypes,
respectively. Simultaneous presence of both peaks indicates the heterozygous CG genotype.

2.4. Statistical Analysis
Statistical analysis was performed using Statistica version 10.0 software (StatSoft Inc.,

Tulsa, OK, USA). Kolmogorov-Smirnov and Shapiro-Wilk tests were used to determine
whether the data are normally distributed. Due to non-normal distribution, quantita-
tive data are presented as median (interquartile range). Mann-Whitney U test was used
for pair-wise comparisons of quantitative variables. Frequency distribution of the geno-
types and alleles was presented as percentage. Hardy—Weinberg equilibrium between
observed and expected genotype frequencies was evaluated by Pearson’s chi-square test.
Associations between categorical variables were assessed by Pearson’s chi-square test or
Fisher’s exact test. Adjustment for covariates was performed in logistic regression analysis.
Benjamini-Hochberg False Discovery Rate (FDR) was used for multiple testing correction.
p-value < 0.05 was considered statistically significant and FDR corrected p-value < 0.25 was

considered as a trend.

3. Results
3.1. Clinical and Functional Characteristics of the Studied Subjects

Differences in clinical parameters, smoking history and lung function between the
case and control groups are shown in Table 2. COPD patients were significantly older, had
longer exposition to cigarette smoke, marked bronchial obstruction and higher response to

bronchodilator.

3.2. Role of TRPMS8 and TRPA1 Polymorphisms in COPD Predisposition

Genotype frequencies for each of the studied polymorphisms were in Hardy-Weinberg
equilibrium both in case and control groups. Generally, the differences in genotype frequen-
cies for the studied polymorphisms were tested in the codominant genetic model. However,
in cases in which less than five minor allele homozygotes were detected in either group,
they were merged with heterozygotes and the dominant genetic model was employed

(Table 3).
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Table 2. Clinical and Functional Characteristics of the Studied Groups.

Chronic Obstructive Healthy Smokers

Characteristics Pulmonary Disease (= 104) p-Value
(COPD) (n = 143) =
Age (years) 61.0 (56.0-66.0) 435 (34.5-52.0) <0.001
Gender (M/F, %) 85/15 74/26 0.03
Pack-year index 40.0 (26.0-45.0) 15.0 (6.0-22.5) <0.001
Pack-year > 10 (%) 97 67 <0.001
Forced expiratory volume in one | .
second (FEV1) (% pred.) 402 (30.3-58.1) 100.0 (92.8-114.5) <0.001
Forced vital ;if;c)“y (FVC) (% 60.1 (47.0-75.7) 1045 (96.0-116.5) <0.001
FEV1/FVC (%) 46.2 (38.0-54.2) 80.4 (76.1-85.2) <0.001
Peak eXplrat;:gdﬂ)ow (PEF) (% 41.0 (31.7-55.0) 95.2 (86.5-111.0) <0.001
Forced eszﬁ/at;’z dﬂ)"w (FEF)50 13.0 (8.0-23.5) 87.5 (73.0-101.5) <0.001
FEF75 (% pred.) 11.9 (1.4-20.9) 76.7 (60.7-88.8) <0.001
Maximum mid-expiratory flow
(MMEF) (% pred.) 15.0 (11.1-23.5) 85.8 (68.7-100.0) <0.001
AFEV1 (%) 13.7 (5.0-23.0) 51(2.5-8.8)1 <0.001
AFEV1/FVC (%) 42(0.1-9.9) 2.3 (0-5.0) ! 0.05
PostBD-FEV1 (% pred.) 48.0 (36.4-62.5) 103.1 (94.3-115.0) ! <0.001
PostBD-FEV1/FVC (%) 48.3 (40.4-55.7) 79.8 (75.0-82.7) 1 <0.001

Data are presented as median (interquartile range) or as percentage. ! Response to bronchodilator was assessed in
42 control subjects only.

Table 3. Genotype frequencies of the studied polymorphisms in COPD patients and control group.

. Healthy g p-Value False Discovery
Polymorphism Genotypes COPD Smokers p-Value Adjusted 2 Rate (FDR) p
GG 118 (82.5%) 82 (78.8%)
;?71)71;4682 ) GA 24 (168%) 19 (183%) 0.47 0.79 098
s AA 1 (0.7%) 3 (2.9%)
TT 96 (67.1%) 69 (66.3%)
1T01i§é\giz . TC 40 (280%)  31(29.8%) 0.89 - 0.98
s cC 7 (4.9%) 4 (3.9%)
GG 113 (79.0%) 86 (82.7%)
ﬂglggg% ) GC 28(19.6%) 17 (16.3%) 047 0.49 092
s ccC 2 (1.4%) 1(1.0%)
ccC 81 (56.6%) 44 (42.3%)
7;131;%‘3 . cG 48 (33.6%) 54 (51.9%) 0.01 0.08 0.30
Is GG 14 (9.8%) 6 (5.8%)
AA 105 (734%) 75 (72.1%)
1T71§§5A§§2 . AG 33(231%) 27 (26.0%) 0.82 0,61 098
s GG 5 (3.5%) 2 (1.9%)
AA 2 (1.4%) 3(2.9%)
g%;élg . AG 30 (21.0%) 30 (28.8%) 0.10 0.15 0.43
rs GG 111 (77.6%) 71 (68.3%)
GG 60 (42.0%) 46 (44.2%)
T;;f ;“714 0 GT 68 (47.5%) 49 (47.1%) 0.87 0.98 0.98
Is T 15 (10.5%) 9 (8.7%)
AA 9 (6.3%) 8 (7.7%)
ZI;EI’»DQZI()Z AG 51(35.7%) 41 (39.4%) 0.71 0.85 0.98
s GG 83 (58.0%) 55 (52.9%)
AA 92 (64.3%) 61 (58.7%)
g?;;% 1 AG 44 (30.8%) 39 (37.5%) 0.36 0.17 0.43
s GG 7 (4.9%) 4 (3.8%)
GG 28 (19.6%) 20 (19.2%)
Tgﬁg‘;‘; ’ GT 71(49.6%) 55 (52.9%) 0.86 0.97 0.98
rs T 44 (30.8%) 29 (27.9%)
TRPAL GG 107 (74.8%) 77 (74.0%)
6996723 1 GA 34 (23.8%) 25 (24.0%) 0.89 043 0.92
s AA 2 (1.4%) 2 (2.0%)

1 Polymorphisms with less than five observations for minor allele homozygotes in either group were analyzed in
the dominant model; 2 after adjustment for sex, age and pack-year index.
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We found that prior to correction for multiple comparisons or possible confounders
TRPMS 152052030 was significantly associated with COPD. Despite the fact that the sig-
nificance of this association was lost after the adjustments, we additionally estimated the
potential effect of rs2052030 on COPD predisposition under other genetic models (Table 4).

As a result, it was established that the effect of TRPMS8 rs2052030 on COPD was best
described by the over-dominant model. The heterozygous CG genotype was prevalent
among control group but relatively underrepresented in the studied COPD patients. This
association retained its significance after adjustment for sex, age and pack-year index, but
was not significant after FDR correction for multiple comparisons (p = 0.22).

Table 4. Association Between TRPMS8 rs2052030 and COPD Under Different Genetic Models.

OR (95%CI) p-Value

Genetic Model Genotypes  OR (95%CI) p-Value Adjusted!  Adjusted ! FDR p
. CCs. 0.56 0.47
Dominant CG+GG  (034-0.94) 003 (024-0.93) 005 022
. CC+CG vs. 1.77 0.94
Recessive GG (0.66-4.78) 0.34 (0.23-3.80) 0.93 0.98
. CC+GG vs. 0.47 0.47
Over-dominant G (0.28-0.79) 0.004 (0.24-0.93) 0.03 0.22
e 0.78 0.60
Log-additive (0.52-1.15) 0.21 (0.35-1.04) 0.07 0.30

1 After adjustment for sex, age and pack-year index.

3.3. Effect of TRPMS and TRPA1 Polymorphisms on Lung Function in COPD

We also tested TRPMS8 and TRPA1 polymorphisms for their potential effect on baseline
and post-bronchodilator lung function. TRPA1 rs7819749 and TRPA1 rs959974 appeared
to have the most marked influence on the degree of bronchial obstruction. The T allele
of TRPAT rs7819749 had detrimental effect on lung function in COPD. Generally, the
heterozygotes and, especially, TT homozygotes had lower values of spirometric parameters
than the patients with the GG genotype. Similar effects were observed for TRPA1 rs959974
polymorphism with probable pathogenic effect of the G allele. However, in this case there
was only a trend for association (Figure 2).

TRPA1rs7819749 B TRPA1 rs959974
= e
0.03 0.03 . GG 0.10 0.19
mm Gr 60 B GT
B 1T = T

FEV1/FVC FEV1/FVC (BD) FEV1/FVC FEV1/FVC (BD)

Figure 2. Effect of TRPA1 rs7819749 (A) and TRPA1 rs959974 (B) polymorphisms on baseline and post-bronchodilator (BD)
FEV1/FVC in the studied COPD patients (1 = 143). The results are presented as median, lower and upper quartiles. Denoted
levels of significance are FDR corrected and correspond to the differences in FEV1/FVC between homozygous genotypes.

Given the apparent trend of the relationship between lung function parameters and
the number of risk alleles for each of the three polymorphisms, we applied Kendall’s
tau test to measure the significance of these correlations. As a result, we established a
tendency to enhanced bronchial obstruction with the increase in the number of risk alleles
for TRPMS8 rs2052030 (G allele), TRPA1 rs7819749 (T allele) and TRPA1 rs959974 (G allele).
The obtained correlations and FDR corrected p-values are shown in Figure 3.
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TRPMS8 TRPA1 TRPA1
rs2052030 rs7819749 rs959974
FEV1 | 0.12 | 0.20 -0.10
-0.12
FEV1/FVC
-0.14
MMEF -0.16

Base PostBD Base PostBD Base PostBD

Figure 3. Correlation between the number of risk alleles for TRPMS rs2052030, TRPA1 rs7819749 and
TRPA1 15959974 polymorphisms and spirometric parameters of the studied COPD patients measured
at baseline (Base) and after the inhalation of bronchodilator (PostBD). The values of Kendall’s T
coefficient are color-coded; each cell contains the corresponding FDR p-value.

Despite that there were no obvious and strong associations with lung function for
TRPMS8 rs11562975 in COPD, we took a closer look at this polymorphism since its influence
on FEV1 and FEV1/FVC was established in our previous studies in asthma patients,
including those with smoking history > 10 pack-years [28,33]. In accordance with these
data, we noticed that in COPD patients the C allele of TRPMS8 rs11562975 had a trend
to association with lower post-bronchodilator FEV1/FVC (GG—48.9 (41.4-55.8)%, GC—
45.7 (38.1-50.9)%, CC—35.2 (32.7-37.7)%). The CC genotype seemed to have the most
profound effect on FEV1/FVC; however, this was not significant due to the low number of
observations (n = 2). At the same time, analysis carried out in the dominant genetic model
(GG vs. GC+CC) revealed the borderline significance for between-genotype difference
of FEV1/FVC (48.9 (41.4-55.8)% vs. 43.9 (37.3-49.8)%, p = 0.05). Next, we tested the
association of TRPMS8 rs11562975 with post-bronchodilator FEV1 < 60%. This cut-off value
was set to correspond with the previous finding in smoking asthma patients. The GC and
CC genotypes in combination were found in 26.6% of the patients with FEV1 < 60% and
only in 10.2% of the patients with FEV1 > 60% and so increased the odds of having FEV1
< 60% (OR 3.2, 95%CI (1.14-8.94), p = 0.03). This association remained significant after
correction for sex, age and pack year index (adjusted OR 3.3, 95%CI (1.15-9.67), p = 0.03).
Unlike in COPD patients, we did not find any associations of the studied polymorphisms
with lung function parameters in healthy smokers.

3.4. Associations of TRPMS8 and TRPA1 Polymorphisms with the Airway Response to
Bronchodilator

In the COPD group, 58.7% of patients had positive response to salbutamol, which
is considered to be associated with better prognosis in terms of reduced risk of severe
acute exacerbations [34]. The TRPA1 1s959976 polymorphism significantly influenced the
response both qualitatively and quantitatively. The heterozygous AG genotype prevailed
among the patients with positive response (40.5% vs. 17.0%) while the AA and GG
genotypes were more frequent in in non-responders (OR 3.3, 95%CI (1.49-7.69), p = 0.003;
FDR p = 0.02). This effect was independent of sex, age, pack-year index and baseline FEV1
(adjusted OR 3.6, 95%ClI (1.51-8.33), p = 0.003). Carriers of the heterozygous genotype had
the highest bronchodilator response (AFEV1 17.3 (12.1-27.9)%) when compared with the
AA (12.1 (4.2-22.8)%, p = 0.02) or GG genotypes (2.7 (0.1-23.0)%, p = 0.04), whereas the
difference between the homozygous genotypes was not significant.

Polymorphism rs17865682 of TRPMS gene also affected salbutamol response, mea-
sured qualitatively. The AA genotype more frequently occurred in the group with positive
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response (83.3% vs. 59.3%) while the AG and GG genotypes were prevalent among non-
responders (33.9% vs. 15.5%, 6.8% vs. 1.2%, respectively). This association was significant
after analysis under the dominant model (AA vs. AG+GG). Carriage of the AG or GG
genotype increased the odds of being unresponsive to salbutamol in the COPD patients (OR
3.4,95%ClI (1.59-7.69), p = 0.002; FDR p = 0.02), even after correction for sex, age, pack-year
index and baseline FEV1 (adjusted OR 4.2, 95%CI (1.79-10.0), p < 0.001). Nevertheless, the
difference in AFEV1 between the AA and AG+GG carriers showed only a trend toward
statistical significance (15.7 (6.0-23.8)% vs. 8.8 (2.7-17.6)%, p = 0.06).

4. Discussion

Considering the strong evidence for the role of smoking and particulate matter in
COPD pathogenesis, the study of molecular mechanisms related to the reception of these
detrimental environmental factors is highly justified. TRPM8 and TRPA1 cation channels
are polymodal receptors widely expressed in the respiratory tract and sensitive to cigarette
smoke and particulate matter. Indeed, according to the previously conducted research,
TRPMS and TRPAL are likely to be involved in the development of chronic obstructive res-
piratory pathology. Expression of TRPMS8 was repeatedly reported to be upregulated in the
respiratory tract of asthma and COPD patients both at mRNA and protein level [35-37]. Be-
sides smoke, this channel is also capable of activation by cold temperature and menthol [7].
Stimulation of TRPMS in the airways is typically accompanied by inflammatory reaction
including cytokine production, cellular infiltration and mucus hypersecretion [35,37-39].
As compared to TRPMS, the TRPA1 channel, aptly named ‘a gatekeeper of inflamma-
tion” [40], is less studied in real clinical respiratory pathology, probably due to its limited
expression in the airway epithelium. At the same time, TRPA1 is abundantly expressed
in nerve endings, alveolar epithelium and fibroblasts where it mediates neurogenic and
non-neurogenic inflammation upon activation [41,42].

In the present study we investigated the role of TRPMS8 and TRPA1 genetic polymor-
phisms in the development of COPD in smoking subjects and explored their effect on
lung function in COPD patients. We established that TRPMS8 rs2052030 polymorphism
may influence predisposition to COPD development in the over-dominant genetic model.
Carriers of the heterozygous CG genotype were relatively protected against COPD in spite
of smoking. This effect was independent of sex, age or smoking history, but was not signifi-
cant after correction for multiple testing. Previously, the only relevant study conducted
by Xiong et al. [17] in the Chinese Han population also revealed several TRPMS polymor-
phisms associated with COPD and pulmonary hypertension. However, due to significant
difference in allelic frequencies, we were unable to directly replicate the obtained results.

Another finding of this study indicates that the TRPA1 rs7819749 polymorphism
significantly influences lung function in COPD patients. Correlation analysis showed that
the degree of bronchial obstruction had a tendency to aggravation with the increase in
the number of the T alleles. In addition, we replicated the effect of TRPMS rs11562975 on
lung function that was previously found in smoking asthma patients [33]. There are no
previous studies that estimated the influence of TRPM8 and TRPA1 polymorphisms on
lung function in COPD, so the identified associations are now reported for the first time.
Gallo et al. [31] and Kotova et al. [43] described linkage between TRPA1 polymorphisms
and the development of asthma in children and adults. However, in the former study the T
allele of rs959974 increased the risk of childhood asthma, while we found that it was rather
protective against excessive deterioration of lung function in COPD. TRPMS8 rs11562975
is another polymorphism with well documented functional significance. The C allele
was consistently reported to determine increased sensitivity to local skin cooling [44,45],
bronchoconstriction in response to cold air inhalation [27] or severe bronchial obstruction
in smoking asthma patients [33]. These results are in perfect agreement with the data
obtained in this study—the C allele carriers were prone to enhanced bronchial obstruction
as measured by FEV1/FVC ratio and significantly prevailed among COPD patients with
post-bronchodilator FEV1 < 60% independently on the other factors.
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Finally, we unexpectedly found that TRPA1 rs959976 and TRPMS rs17865682 polymor-
phisms may alter the airway response to 32-adrenergic agonist salbutamol. It is difficult to
draw firm conclusions regarding the molecular mechanisms explaining this effect, although
interactions between G protein-coupled receptors and TRP channels are quite common [46].
It was also established that rs959976 is associated with migraine onset before the age of 15
and can modulate the response of TRPA1 to coal fly ash [32,47].

Relatively small sample size is the main limitation of this study. Nevertheless, sub-
stantiated hypothesis and choice of polymorphisms, consistent significance of the obtained
associations after correction for possible confounding factors and repetitive confirmation
of TRPMS rs11562975 effect in independent samples increase the likelihood of the results’
reliability.

5. Conclusions

In conclusion, in the present study we discovered the variants of TRPMS8 and TRPA1
genes that may probably influence COPD predisposition and lung function in European
population which suggests the potential importance of these cationic channels in COPD
pathogenesis. The heterozygous genotype of TRPMS8 rs2052030 tended to protect smokers
from COPD development. In COPD patients, TRPAT rs7819749 influenced the degree of
bronchial obstruction measured both before and after the inhalation of bronchodilator. In
addition, we replicated the effect of TRPMS rs11562975 on lung function and established
the associations of TRPA1 rs959976 and TRPM8 rs17865682 polymorphisms with changes
in salbutamol response. Future studies are suggested not only to verify the role of TRPM8
and TRPA1 polymorphisms in a larger sample but also to provide functional evidence for
the observed effect of allelic variants at molecular level.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2075-442
6/11/2/108/s1, Table S1: Detailed conditions of TRPMS8 and TRPA1 polymorphisms genotyping.

Author Contributions: Conceptualization, D.E.N.; Data curation, O.0.K., D.A.G. and E.Y.A.; Formal
analysis, O.0.K,; Investigation, O.0.K., D.A.G., 1L.Y.S,, EY.A. and E.G.S.; Methodology, D.E.N.;
Resources, E.G.S.; Supervision, ]. M.P; Visualization, D.A.G.; Writing—original draft, I.Y.S.; Writing—
review & editing, D.E.N.; All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Science and Higher Education of the Russian
Federation under the Program for Basic Research (0420-2019-0006).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the local Ethics Committee of Far Eastern Scientific Center
of Physiology and Pathology of Respiration (Ethic approval No. 131; 11 January 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

1.  Global Initiative for Chronic Obstructive Lung Disease. Global Strategy for Diagnosis, Management, and Prevention of COPD.
2010. Available online: http://www.goldcopd.org/ (accessed on 28 November 2013).

2. Adeloye, D.; Chua, S.; Lee, C.; Basquill, C.; Papana, A.; Theodoratou, E.; Nair, H.; Gasevic, D.; Sridhar, D.; Campbell, H.;
et al. Global and regional estimates of COPD prevalence: Systematic review and meta—analysis. J. Glob. Health 2015, 5, 020415.

[CrossRef]

3. Lortet-Tieulent, ].; Soerjomataram, I.; Lopez-Campos, J.L.; Ancochea, J.; Coebergh, J.W.; Soriano, J.B. International trends in COPD
mortality, 1995-2017. Eur. Respir. ]. 2019, 54, 1901791. [CrossRef]

4. Mirza, S.; Benzo, R.P. Chronic Obstructive Pulmonary Disease Phenotypes: Implications for Care. Mayo Clin. Proc. 2017, 92,
1104-1112. [CrossRef] [PubMed]


https://www.mdpi.com/2075-4426/11/2/108/s1
https://www.mdpi.com/2075-4426/11/2/108/s1
http://www.goldcopd.org/
http://doi.org/10.7189/jogh.05.020415
http://doi.org/10.1183/13993003.01791-2019
http://doi.org/10.1016/j.mayocp.2017.03.020
http://www.ncbi.nlm.nih.gov/pubmed/28688465

J. Pers. Med. 2021, 11, 108 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Terzikhan, N.; Verhamme, K.M.C.; Hofman, A.; Stricker, B.H.; Brusselle, G.G.; LaHousse, L. Prevalence and incidence of COPD in
smokers and non-smokers: The Rotterdam Study. Eur. |. Epidemiol. 2016, 31, 785-792. [CrossRef]

Eisner, M.D.; Anthonisen, N.; Coultas, D.; Kuenzli, N.; Perez-Padilla, R.; Postma, D.; Romieu, I.; Silverman, E.K.; Balmes, J.R. An
Official American Thoracic Society Public Policy Statement: Novel Risk Factors and the Global Burden of Chronic Obstructive
Pulmonary Disease. Am. ]. Respir. Crit. Care Med. 2010, 182, 693-718. [CrossRef]

Clapham, D.E. TRP channels as cellular sensors. Nat. Cell Biol. 2003, 426, 517-524. [CrossRef] [PubMed]

Grace, M.S.; Baxter, M.; Dubuis, E.; A Birrell, M.; Belvisi, M. Transient receptor potential (TRP) channels in the airway: Role in
airway disease. Br. J. Pharmacol. 2013, 171, 2593-2607. [CrossRef] [PubMed]

Kichko, T.I; Kobal, G.; Reeh, PW. Cigarette smoke has sensory effects through nicotinic and TRPA1 but not TRPV1 receptors on
the isolated mouse trachea and larynx. Am. J. Physiol. Cell. Mol. Physiol. 2015, 309, L812-L820. [CrossRef]

Wang, M.; Zhang, Y.; Xu, M.; Zhang, H.; Chen, Y.; Chung, K.F,; Adcock, LM.; Li, F. Roles of TRPA1 and TRPV1 in cigarette
smoke-induced airway epithelial cell injury model. Free. Radic. Biol. Med. 2019, 134, 229-238. [CrossRef] [PubMed]

Xu, M.; Zhang, Y.; Wang, M.; Zhang, H.; Chen, Y.; Adcock, LM.; Chung, K.E; Mo, J.; Zhang, Y.; Li, FE. TRPV1 and TRPA1 in Lung
Inflammation and Airway Hyperresponsiveness Induced by Fine Particulate Matter (PM2.5). Oxidative Med. Cell. Longev. 2019,
2019, 7450151-15. [CrossRef]

Baxter, M.; Eltom, S.; Dekkak, B.; Yew-Booth, L.; Dubuis, E.D.; A Maher, S; Belvisi, M.G.; A Birrell, M. Role of transient receptor
potential and pannexin channels in cigarette smoke-triggered ATP release in the lung. Thorax 2014, 69, 1080-1089. [CrossRef]
Li, J.; Kanju, P; Patterson, M.; Chew, W.-L.; Cho, S.-H.; Gilmour, L; Oliver, T.; Yasuda, R.; Ghio, A.; Simon, S.A.; et al. TRPV4-
Mediated Calcium Influx into Human Bronchial Epithelia upon Exposure to Diesel Exhaust Particles. Environ. Health Perspect.
2011, 119, 784-793. [CrossRef]

Lin, A-H.; Liu, M.-H.; Ko, H.-K.B.; Perng, D.-W.,; Lee, T.-S.; Kou, Y.R. Inflammatory Effects of Menthol vs. Non-menthol Cigarette
Smoke Extract on Human Lung Epithelial Cells: A Double-Hit on TRPMS8 by Reactive Oxygen Species and Menthol. Front.
Physiol. 2017, 8, 263. [CrossRef]

Deering-Rice, C.E.; Johansen, M.E.; Roberts, ] K.; Thomas, K.C.; Romero, E.G.; Lee, ].; Yost, G.S.; Veranth, ].M.; Reilly, C.A.
Transient Receptor Potential Vanilloid-1 (TRPV1) Is a Mediator of Lung Toxicity for Coal Fly Ash Particulate Material. Mol.
Pharmacol. 2011, 81, 411-419. [CrossRef]

Zhu, G.; ICGN Investigators; Gulsvik, A.; Bakke, P.; Ghatta, S.; Anderson, W.; Lomas, D.A; Silverman, E.K,; Pillai, S.G. As-
sociation of TRPV4 gene polymorphisms with chronic obstructive pulmonary disease. Hum. Mol. Genet. 2009, 18, 2053-2062.
[CrossRef]

Xiong, M.; Wang, J.; Guo, M.; Zhou, Q.; Lu, W. TRPMS genetic variations associated with COPD risk in the Chinese Han
population. Int. J. Chronic Obstr. Pulm. Dis. 2016, 11, 2563-2571. [CrossRef] [PubMed]

Xiong, M.; Guo, M.; Huang, D.; Li, J.; Zhou, Y. TRPV1 genetic polymorphisms and risk of COPD or COPD combined with PH in
the Han Chinese population. Cell Cycle 2020, 19, 3066-3073. [CrossRef] [PubMed]

Graham, B.L.; Steenbruggen, 1.; Miller, M.R.; Barjaktarevic, I.Z.; Cooper, B.G.; Hall, G.L.; Hallstrand, T.S.; Kaminsky, D.A.;
McCarthy, K.; McCormack, M.C; et al. Standardization of Spirometry 2019 Update. An Official American Thoracic Society and
European Respiratory Society Technical Statement. Am. . Respir. Crit. Care Med. 2019, 200, e70-e88. [CrossRef] [PubMed]

Xu, Z.; Taylor, J.A. SNPinfo: Integrating GWAS and candidate gene information into functional SNP selection for genetic
association studies. Nucleic Acids Res. 2009, 37, W600-W605. [CrossRef]

Sanchez, J.A.; Pierce, K.E.; Rice, J.E.; Wangh, L. Linear-After-The-Exponential (LATE)-PCR: An advanced method of asymmetric
PCR and its uses in quantitative real-time analysis. Proc. Natl. Acad. Sci. USA 2004, 101, 1933-1938. [CrossRef] [PubMed]

He, J.; Kelly, TN.; Zhao, Q.; Li, H.; Huang, J.; Wang, L.; Jaquish, C.E.; Sung, Y.J.; Shimmin, L.C.; Lu, F; et al. Genome-wide
association study identifies 8 novel loci associated with blood pressure responses to interventions in Han Chinese. Circ. Cardiovasc.
Genet. 2013, 6, 598-607. [CrossRef]

Igoshin, A.V.; Gunbin, K.V,; Yudin, N.S.; Voevoda, M.I. Searching for Signatures of Cold Climate Adaptation in TRPMS8 Gene in
Populations of East Asian Ancestry. Front. Genet. 2019, 10, 759. [CrossRef]

Freilinger, T.; International Headache Genetics Consortium; Anttila, V.; De Vries, B.; Malik, R.; Kallela, M.; Terwindt, G.M.;
Pozo-Rosich, P.; Winsvold, B.S.; Nyholt, D.R.; et al. Genome-wide association analysis identifies susceptibility loci for migraine
without aura. Nat. Genet. 2012, 44, 777-782. [CrossRef]

Key, EM.; Abdul-Aziz, M.A.; Mundry, R.; Peter, B.M.; Sekar, A.; D’Amato, M.; Dennis, M.Y.; Schmidt, ].M.; Andrés, A.M. Human
local adaptation of the TRPMS cold receptor along a latitudinal cline. PLoS Genet. 2018, 14, €1007298. [CrossRef] [PubMed]
Naumov, D.; Kotova, O.; Gassan, D.; Prikhodko, A.; Kolosov, V. Sex-Dependent Effect of TRPMS rs10166942 Polymorphism on
Cold-Induced Airway Hyperresponsiveness in Asthma. Am. |. Respir. Crit. Care Med. 2019, 199, A3823. [CrossRef]

Naumov, D.E.; Perelman, ].M.; Kolosov, V.P.; Potapova, T.A.; Maksimov, V.N.; Zhou, X. Transient receptor potential melastatin
8 gene polymorphism is associated with cold-induced airway hyperresponsiveness in bronchial asthma. Respirology 2015, 20,
1192-1197. [CrossRef] [PubMed]

Naumov, D.E.; Gassan, D.A.; Kotova, O.O.; Prikhodko, A.G.; Perelman, ].M.; Kolosov, V.P. Polymorphism of TRPMS8 gene as an
independent factor of bronchial obstruction in asthma. Bull. Physiol. Pathol. Respir. 2019, 71, 31-36. [CrossRef]

Naumov, D.E.; Kotova, O.0.; Gassan, D.A.; Prikhodko, A.G.; Perelman, ].M.; Kolosov, V.P. Role of TRPMS8 polymorphisms in the
formation of asthma phenotype with cold airway hyperresponsiveness. Bull. Physiol. Pathol. Respir. 2017, 1, 16-23. [CrossRef]


http://doi.org/10.1007/s10654-016-0132-z
http://doi.org/10.1164/rccm.200811-1757ST
http://doi.org/10.1038/nature02196
http://www.ncbi.nlm.nih.gov/pubmed/14654832
http://doi.org/10.1111/bph.12538
http://www.ncbi.nlm.nih.gov/pubmed/24286227
http://doi.org/10.1152/ajplung.00164.2015
http://doi.org/10.1016/j.freeradbiomed.2019.01.004
http://www.ncbi.nlm.nih.gov/pubmed/30639616
http://doi.org/10.1155/2019/7450151
http://doi.org/10.1136/thoraxjnl-2014-205467
http://doi.org/10.1289/ehp.1002807
http://doi.org/10.3389/fphys.2017.00263
http://doi.org/10.1124/mol.111.076067
http://doi.org/10.1093/hmg/ddp111
http://doi.org/10.2147/COPD.S109026
http://www.ncbi.nlm.nih.gov/pubmed/27789940
http://doi.org/10.1080/15384101.2020.1831246
http://www.ncbi.nlm.nih.gov/pubmed/33103544
http://doi.org/10.1164/rccm.201908-1590ST
http://www.ncbi.nlm.nih.gov/pubmed/31613151
http://doi.org/10.1093/nar/gkp290
http://doi.org/10.1073/pnas.0305476101
http://www.ncbi.nlm.nih.gov/pubmed/14769930
http://doi.org/10.1161/CIRCGENETICS.113.000307
http://doi.org/10.3389/fgene.2019.00759
http://doi.org/10.1038/ng.2307
http://doi.org/10.1371/journal.pgen.1007298
http://www.ncbi.nlm.nih.gov/pubmed/29723195
http://doi.org/10.1164/ajrccm-conference.2019.199.1_meetingabstracts.a3823
http://doi.org/10.1111/resp.12605
http://www.ncbi.nlm.nih.gov/pubmed/26272603
http://doi.org/10.12737/article_5c88b6c40f6135.99480729
http://doi.org/10.12737/article_59aca9cabd1528.72418133

J. Pers. Med. 2021, 11, 108 11 of 11

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Binder, A.; May, D.; Baron, R.; Maier, C.; Tolle, T.R.; Treede, R.D.; Berthele, A.; Faltraco, F; Flor, H.; Gierthmiihlen, J.; et al.
Transient receptor potential channel polymorphisms are associated with the somatosensory function in neuropathic pain patients.
PLoS ONE 2011, 6, €17387. [CrossRef]

Gallo, V.; Dijk, EN.; Holloway, ].W.; Ring, S.M.; Koppelman, G.H.; Postma, D.S.; Strachan, D.P.; Granell, R.; De Jongste, J.C.;
Jaddoe, VW.V,; et al. TRPA1 gene polymorphisms and childhood asthma. Pediatr. Allergy Immunol. 2016, 28, 191-198. [CrossRef]
[PubMed]

Deering-Rice, C.E.; Shapiro, D.; Romero, E.G.; Stockmann, C.; Bevans, T.S.; Phan, Q.M.; Stone, B.L.; Fassl, B.; Nkoy, F.; Uchida,
D.A.; et al. Activation of Transient Receptor Potential Ankyrin-1 by Insoluble Particulate Material and Association with Asthma.
Am. |. Respir. Cell Mol. Biol. 2015, 53, 893-901. [CrossRef]

Gassan, D.A.; Naumov, D.E.; Kotova, O.O.; Prikhodko, A.G.; Kolosov, V.P. TRPMS8 gene polymorphism and smoking as the
factors of severe bronchial obstruction in patients with asthma. Bull. Physiol. Pathol. Respir. 2017, 1, 24-30. [CrossRef]

Kim, J.; Kim, W.].; Lee, C.H.; Lee, S.H.; Lee, M.G.; Shin, K.C.; Yoo, K.H.; Lee, ].H.; Lim, S.Y.; Na, J.O.; et al. Which bronchodilator
reversibility criteria can predict severe acute exacerbation in chronic obstructive pulmonary disease patients? Respir. Res. 2017, 18,
107. [CrossRef] [PubMed]

Li, M,; Li, Q.; Yang, G.; Kolosov, V.P; Perelman, ].M.; Zhou, X.D. Cold temperature induces mucin hypersecretion from normal
human bronchial epithelial cells in vitro through a transient receptor potential melastatin 8§ (TRPM8)-mediated mechanism. J.
Allergy Clin. Immunol. 2011, 128, 626-634. [CrossRef] [PubMed]

Kolosov, V.; Naumov, D.; Gassan, D.; Kilimichenko, K.; Afanaseva, E.; Sheludko, E.; Zhou, X.-D. TRPMS is overexpressed in the
respiratory tract of steroid-naive asthma patients. Asian Pac. |. Trop. Med. 2018, 11, 16. [CrossRef]

Kim, J.H; Jang, Y.S.; Kim, H.I; Park, ]J.Y.; Park, S.H.; Hwang, Y.I; Jang, S.H.; Jung, K.S.; Park, H.S.; Park, C.S. Activation of
Transient Receptor Potential Melastatin Family Member 8 (TRPM8) Receptors Induces Proinflammatory Cytokine Expressions in
Bronchial Epithelial Cells. Allergy Asthma Immunol Res. 2020, 12, 684-700. [CrossRef]

Liu, H.; Liu, Q.; Hua, L.; Pan, J. Inhibition of transient receptor potential melastatin 8 alleviates airway inflammation and
remodeling in a murine model of asthma with cold air stimulus. Acta Biochim. et Biophys. Sin. 2018, 50, 499-506. [CrossRef]
[PubMed]

Wang, J.; Yang, G.; Li, M.; Zhou, X. Transient Receptor Potential Melastatin 8 (TRPM8)-Based Mechanisms Underlie Both the
Cold Temperature-Induced Inflammatory Reactions and the Synergistic Effect of Cigarette Smoke in Human Bronchial Epithelial
(16HBE) Cells. Front. Physiol. 2019, 10, 285. [CrossRef]

Bautista, D.M.; Pellegrino, M.; Tsunozaki, M. TRPA1: A Gatekeeper for Inflammation. Annu. Rev. Physiol. 2013, 75, 181-200.
[CrossRef]

Nassenstein, C.; Kwong, K.; Taylor-Clark, T.; Kollarik, M.; MacGlashan, D.M.; Braun, A.; Undem, B.]. Expression and function of
the ion channel TRPA1 in vagal afferent nerves innervating mouse lungs. J. Physiol. 2008, 586, 1595-1604. [CrossRef]

Nassini, R.; Pedretti, P.; Moretto, N.; Fusi, C.; Carnini, C.; Facchinetti, F.; Viscomi, A.R.; Pisano, A.R.; Stokesberry, S.; Brunmark,
C.; et al. Transient Receptor Potential Ankyrin 1 Channel Localized to Non-Neuronal Airway Cells Promotes Non-Neurogenic
Inflammation. PLoS ONE 2012, 7, e42454. [CrossRef]

Kotova, O.0.; Gassan, D.A.; Naumov, D.E.; Sheludko, E. Effect of TRPA1 gene polymorphisms on predisposition to the formation
of bronchial asthma. Bull. Physiol. Pathol. Respir. 2019, 73, 27-33. [CrossRef]

Kozyreva, T.V.; Tkachenko, E.Y.; Potapova, T.A.; Romashchenko, A.G.; Voevoda, M.I. Single-nucleotide polymorphism rs11562975
of the thermosensitive ion channel TRPMS8 gene and human sensitivity to cold and menthol. Hum. Physiol. 2011, 37, 188-192.
[CrossRef]

Kozyreva, T.V.; Tkachenko, E.Y.; Potapova, T.A.; Voevoda, M.I. Respiratory system response to local cooling in subjects with
single nucleotide polymorphism rs11562975 of the TRPMS8 temperature-sensitive ion channel gene. Hum. Physiol. 2014, 40,
197-200. [CrossRef]

Veldhuis, N.A.; Poole, D.P,; Grace, M.; McIntyre, P.; Bunnett, N.W. The G Protein-Coupled Receptor-Transient Receptor Potential
Channel Axis: Molecular Insights for Targeting Disorders of Sensation and Inflammation. Pharmacol. Rev. 2015, 67, 36-73.
[CrossRef] [PubMed]

Kowalska, M.; Prendecki, M.; Kapelusiak-Pielok, M.; Grzelak, T.; Lagan-Jedrzejczyk, U.; Wiszniewska, M.; Kozubski, W.;
Dorszewska, J. Analysis of Genetic Variants in SCN1A, SCN2A, KCNK18, TRPA1 and STX1A as a Possible Marker of Migraine.
Curr. Genom. 2020, 21, 224-236. [CrossRef]


http://doi.org/10.1371/journal.pone.0017387
http://doi.org/10.1111/pai.12673
http://www.ncbi.nlm.nih.gov/pubmed/27779810
http://doi.org/10.1165/rcmb.2015-0086OC
http://doi.org/10.12737/article_59acaae9dad902.64338769
http://doi.org/10.1186/s12931-017-0587-9
http://www.ncbi.nlm.nih.gov/pubmed/28558829
http://doi.org/10.1016/j.jaci.2011.04.032
http://www.ncbi.nlm.nih.gov/pubmed/21762971
http://doi.org/10.4103/1995-7645.243081
http://doi.org/10.4168/aair.2020.12.4.684
http://doi.org/10.1093/abbs/gmy033
http://www.ncbi.nlm.nih.gov/pubmed/29635321
http://doi.org/10.3389/fphys.2019.00285
http://doi.org/10.1146/annurev-physiol-030212-183811
http://doi.org/10.1113/jphysiol.2007.148379
http://doi.org/10.1371/journal.pone.0042454
http://doi.org/10.36604/1998-5029-2019-73-27-33
http://doi.org/10.1134/S0362119711020101
http://doi.org/10.1134/S0362119714020108
http://doi.org/10.1124/pr.114.009555
http://www.ncbi.nlm.nih.gov/pubmed/25361914
http://doi.org/10.2174/1389202921666200415181222

	Introduction 
	Materials and Methods 
	Study Population 
	Lung Function Measurement 
	Genotyping 
	Statistical Analysis 

	Results 
	Clinical and Functional Characteristics of the Studied Subjects 
	Role of TRPM8 and TRPA1 Polymorphisms in COPD Predisposition 
	Effect of TRPM8 and TRPA1 Polymorphisms on Lung Function in COPD 
	Associations of TRPM8 and TRPA1 Polymorphisms with the Airway Response to Bronchodilator 

	Discussion 
	Conclusions 
	References

