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Background: Identifying the genetic basis of airflow limitation is one of the most interest-
ing issues for understanding chronic obstructive pulmonary disease (COPD) pathophysiol-
ogy. Several studies have shown that some genetic variants associated with COPD have been
identified in genome-wide association study (GWAS), especially in patients with moderate to
severe COPD; genetic susceptibility for airflow limitation in the early COPD phase has not
been widely studied.

Objective: We investigated the genetic variants in early COPD.

Methods: The present study analyzed Gene-environment interaction and phenotype
(GENIE) cohort that included participants who received health screening examination. The
association between single nucleotide polymorphism (SNP) and susceptibility to early COPD
(FEV1 predicted >50% and FEV1/FVC <0.7) was tested.

Results: A total of 130 patients with early COPD and 3478 controls (1700 ever smokers and
1778 never smokers) were recruited. When compared with the total controls, certain SNPs
(rs2818103, rs875033, rs9354627, rs34552148) on chromosome 6 were included at the top of
our list (p= 5.6 x 10-7 ~9.6 x 10-6) although they did not reach genome-wide significance.
When compared with the never smoker controls, two SNPs (152857210, rs2621419) of the
HLA-DQB?2 gene class were persistently associated with susceptibility to early COPD.
Conclusion: Certain SNPs located on chromosome 6 or the HLA-DQB2 gene were the top-
scoring SNPs for the association with susceptibility to early COPD in the Korean GENIE
cohort.

Keywords: carly chronic obstructive pulmonary disease, genome-wide association study,

single nucleotide polymorphism, SNP, HLA-DQ gene

Introduction

According to the Global Burden of Disease (GBD), COPD patients were estimated
at 251 million in 2015, an increase of 44.7% compared with 1990." Furthermore,
since the number of elderly patients is increasing worldwide, the global prevalence
and the socio-economic losses of COPD are expected to increase over the next
30 years.”

Although cigarette smoking is the most important risk factor for developing
COPD, several recent studies have implicated a genetic component associated with
COPD susceptibility because up to one-third of all COPD cases are made up of
never smokers while only 10-20% of heavy smokers have been shown to develop
symptomatic COPD.*>"
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Similar to Al antitrypsin deficiency, which is a single
gene abnormality that is related to lung function decline and
is a well-known genetic factor that predisposes to COPD,
several other genetic variants associated with susceptibility
to COPD have been discovered in genome-wide association
(GWAS) studies.® Some of these well-established COPD
risk genes include HHIP, SERPINA, FAMI34, AGER,
CHRNAS, and 11.27.5°10 However, these studies included
a large number of patients with moderate to severe COPD,
with a mean forced expiratory volume in one second (FEV1)
of between 25% and 50%.” There is no study to identify the
susceptible genetic risk factors for early COPD. Current
studies suggest that early COPD is associated with poor
outcomes and early detection of COPD may help to decele-
rate progression of COPD.'"'? And previous researches
have included advanced COPD cases, it is likely to be
influenced by the environmental factors as well as the
genetic factors. Therefore, the aim of this study is to inves-
tigate genetic variants in early COPD. And through this
study, we would be able to identify loci that contribute to
COPD pathogenesis.

Methods

We analyzed samples from the Gene-environment interaction
and phenotype (GENIE) cohort including patients who visited
the Seoul National University Hospital Healthcare System
Gangnam Center (SNUH-GC) for health check-up between
February 2014 and October 2016. Most patients voluntarily
came to the hospital for a personal health check-up or came for
a health check-up following receipt of financial support from

the company. The present study was approved by the
Institutional review board (IRB no: H-1804-028-934) of
Seoul National University of Hospital and was in accordance
with the 1964 and later modifications of the Helsinki declara-
tion on the use of human subjects for research. Informed
consents were obtained from all patients in the cohort.

Among the 4524 subjects of the GENIE cohort, a total
of 912 subjects who met any one of the following criteria
were excluded: (1) under the age of 40 (2) has lung cancer
(3) has an unknown pulmonary function test (PFT) or (4)
has an unknown smoking status. One hundred and thirty-
four patients were classified as COPD and 4 patients were
excluded because those had predicted FEV1 of less than
50%. Finally, a total of 130 patients with early COPD and
3478 controls were recruited (Figure 1). Demographics
including age, sex, body mass index (BMI), smoking
status, and PFT were collected through electronic medical
record review at the time of health screening.

We obtained PFTs performed by trained professionals
in accordance with the standardized ATS guidelines."
Subjects were labeled control if they had an FEV1/FVC
ratio >0.7 and an FEV1 >80% of the predicted value. Early
COPD was defined by an FEV1/FVC ratio <0.7 and FEV1
>50% of the predicted value. The primary outcome of our
study was to identify functional SNPs associated with
early COPD vs the control group.

Genotyping
We collected donated blood samples from the remaining
3608 subjects and analyzed them using the Affymetrix

Screening population

(N=4.524)

(Feb 2014~ Oct 2016}

912 patients were excluded
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13 pt: no PFT data
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Figure | Selection criteria used to enroll subjects.
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Axiom® Customized Biobank Genotyping Arrays
(Affymetrix, Santa Clara, CA, USA), and the PLINK pro-
gram (ver. 1.07) was used for quality control. Specimens
with the following characteristics were excluded from the
analyses: low genotype call rate (<97%), sex inconsistency,
and related and cryptically related individuals (identical by
descent >0.9). SNPs with low call rates (<97%), low minor
allele frequency (MAF < 0.05%), or significant deviation
from the Hardy-Weinberg equilibrium permutation test
(HWE P < 1.0 x 107°) were excluded. After performing
the quality control evaluations for this study, 345,072 auto-

somal SNPs were retained for the association analyses.

Statistical Analyses

The SNPs associated with early COPD were evaluated
with multiple linear or logistical regression methods with
adjustments for age, sex, BMI, and smoking status (ever
or never smokers), which had the possibility to alter
outcomes. A total of 345,072 SNPs that passed the qual-
ity control assessment were used for the GWAS. The
R software package (version 3.1.1., R Development
Core Team; R Foundation for Statistical Computing,
Vienna, Austria) was used for statistical analyses and to
draw the Manhattan—log'® plots. The significant SNPs
(P < 1.45 x 1077, value derived from the 345,072 QC-
qualified SNPs and Bonferroni correction). We performed
1:10 match using propensity score matching (PSM) using
Stata 12 software (StataCorp LP, College Station, TX)
with the age, sex, and BMI between early COPD and
control, never smoker among early COPD and never
smoker among the control group, respectively. With this
PS matching, we can show what SNPs are associated
with early COPD susceptibility regardless of differences
(age, sex, and BMI) between early COPD and normal

group.

Results

Participant Details

The baseline characteristics of the study population are
shown in Table 1. Subjects in the early COPD group
were older, had a higher proportion of ever smokers
when compared with the control group. When compared
with the never smoker control group, the early COPD
group had a significantly higher proportion of males and
were likely to have poorer pulmonary functions including
FEV1, FVC, and FEV1/FVC ratio.

Lee et al
Table | Baseline Characteristics of Subjects
Early Control- Control- p value
COPD Never Ever
(n=130) (n=1778) (n=1700)
Age (yr) 549 +79 490 + 66 496+ 62 <0.001
Sex (male) | 105 (80.8%) | 497 (27.9%) 1651 (97.1%) | <0.001
BMI 23.7 £ 329 226 £3.0 24328 0.028
Smoking
Current 28 (21.5%) 0 (0.0%) 566 (33.1%) <0.001
Ex 64 (49.2%) 0 (0.0%) 1134 (66.8%)
Never 38 (29.2%) 1778 (100.0%) | 0 (0.0%)
PY 19.6 +20.7 0 204 £+ 15.8 0.712
Baseline
PFT
FEVI(L) 2.64 £ 0.59 2.81 £ 0.60 347 £ 0.64 <0.001
FEV,_% 874 % 132 1055 + 12.8 104.1 = 1.9 <0.001
FVC (L) 4.00 + 0.82 3.39£0.71 429 + 0.62 <0.001
FVC_ % 97.1 £ 11.6 96.8 £ 11.2 96.6 £10.4 0.971
FEVI/FVC | 659 * 3.89 83.0 £ 5.55 80.6 + 5.02 <0.001

Abbreviations: FVC, forced vital capacity; FEVI, forced expiratory volume in
one second; PFT, pulmonary function test; COPD, chronic obstructive pulmonary
disease; BMI, body mass index.

Top SNPs

In our study, we found no significant SNP association with
early COPD in the GENIE cohort. The SNP most asso-
ciated with early COPD was the rs2818103 SNP and
the second most associated SNP was the rs875033 SNP,
yielding p =5.6 x 1077 and p = 2.7 x 107°, respectively.
Both SNPs were located on chromosome 6. The top 10
most significant p-values obtained after analysis are pre-
sented in Table 2. The Manhattan and the Q-Q plots show-
ing the distribution of the observed p-values from the
GENIE cohort is shown in Figure 2. These results were
obtained after adjusting for age, sex, BMI, and smoking
status (ever vs never smoker).

In PS matching (age, sex and BMI) analysis, the results
were similar in that the rs2818103 SNP on chromosome
6 was just below the genome-wide significance threshold
(p=1.9 x 1077) and several other SNPs located on chromo-
some 6 had trends for association with early COPD (Table 3
and Figure 3). This chromosome 6 was detected five times
among the top 10 most significant SNPs found in this study.

There was a consistent association of chromosome
6 with never smoker among early COPD, when compared
with never smoker control. Although no novel variants
reached genome-wide significance, but several SNPs
(rs2857210 and rs2621419) on this chromosome 6 were
just below the genome-wide significance threshold

International Journal of Chronic Obstructive Pulmonary Disease 2020:15
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Table 2 Association Results for the Top 10 Selected SNPs with Early COPD Compared with Control

Chromosome SNP Position (Hg 18) Alternate Alleles Gene OR P value

6 rs2818103 68,375,896 T — 2.03 559x 107
6 rs875033 68,327,030 C — 1.94 267 x 10 ¢
9 rs1981075 11,124,108 A — 2.39 467 x 10 ¢
6 rs9354627 68,460,987 G — 1.94 659 x 10 ¢
6 rs34552148 68,467,954 A — 1.91 9.6l x 10 ¢
3 rs2216393 177,744,381 T — 1.77 149 x 10 °
4 rs13121984 83,668,330 C SCDh5 0.55 1.54x 10 °
18 rs1037349 22,452,090 T — 222 286 x 10 °
9 rs74840457 25,324,524 C TUsCI 2.36 329x10°°
| rs1436879 217,082,385 T ESRRG 1.76 336x 10 °

(P =790 x 10°° 856 x 107, respectively) (Table 4).
These two SNPs and other SNPs on chromosome 6 were
located within HLA (Human Leukocyte Antigen)-DQOB2
(Figure 4). After SNPs in chromosome 6, the next most
significant SNP in never smoker among early COPD
patients, when compared with never smokers, was the
rs74013641 SNP which lies the mitogen-activated protein
kinase 6 (MAPK6) (P = 1.52 x 10°) gene. The top 10
SNPs (with the most significant P values) associated with
never smoker among early COPD when compared with
the never smoker control is presented in Table 4 and
Figure 4.

In addition, to exclude confounding effect of smoking,
which is by far the most important cause of COPD, we
compared the never smokers in the early COPD group with
the never smokers in the control group. After PSM, 38 never
smoker among early COPD patients and 1294 never smoker
controls were included in each group, respectively. In this
analysis, the rs2777774 SNP located in the transducin-like

-logyo (p-value)

Chromosomal Coordinates

enhancer of split 1 (TLEI) gene on chromosome 9 was
associated with patients in the early COPD group (despite
having no history of smoking) but no association was
observed with the never smoker controls. The second most
associated SNP associated with the never smokers in the early
COPD group was the rs117744226 SNP located in the pellino
E3 ubiquitin protein ligase family number 2 (PELI2, on
chromosome 14). Unfortunately, these SNPs did not reach
statistical genome-wide significance (Table 5 and Figure 5).

Discussion

In this Korean GENIE cohort study, we have shown that the
rs2818103 and rs875033 SNPs on chromosome 6 are asso-
ciated, after adjusting for smoking, age, sex, and BMI, with
genetic susceptibility to early COPD although genome-wide
significance was not met. After PSM for age, sex, and BMI,
these SNPs were also observed to be associated with sus-
ceptibility to early COPD. Furthermore, we identified that
the rs2857210 and rs2621419 SNPs in the HLA-DQOB2 loci

Observed -logo (p-value)
3
|

—

T T T T T
0 1 2 3 Rl 5 6

Expected —log,q (p-value)

Figure 2 Manhattan (A) and Q-Q (B) plots for GWAS analysis of early COPD based on the GENIE cohort.
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Table 3 Association Results for the Top 10 Selected SNPs with Early COPD Compared with Control After Propensity Score

Matching Using Age, Sex, and BMI

Chromosome SNP Position (Hg 18) Alternate Alleles Gene OR P value

6 rs2818103 68,375,896 T — 2.10 I.9E x 107
6 rs875033 68,327,030 C — 1.98 143 % 107
6 rs9354627 68,460,987 G — 201 265 % 10°¢
6 rs34552148 68,467,954 A — 1.98 431 x 10°¢
9 rs1981075 11,124,108 A — 233 128 x 107°
21 rs4819063 46,746,161 A LINC00315 0.50 1.55 x 107°
18 rs1037349 22,452,090 T — 234 1.73 x 107°
6 rs9354616 68,386,994 A — 1.92 226 x 10°°
3 rs2216393 177,744,381 T — 1.75 267 x 10°°
| rs1436879 217,082,385 T ESRRG 1.77 284 x 107

on chromosome 6 are associated with susceptibility to early
COPD but not with the never smoker controls.

As we mentioned above in the introduction briefly, the
previous researches have been focused on the major sus-
ceptibility loci of patients with moderate to severe COPD
and they adjusted for smoking behavior and pack-years of
smoking but did not show significant susceptible SNPs
among never smoker separately. Our study showed not
only the susceptible SNPs in early COPD after adjustment
smoking behavior, but also demonstrated the GWAS result
of never smoker early COPD patients.

To date, only a few studies have looked at the relation-
ship between COPD and HLA. Two previous studies
reported that HLA-Bw60'* and HLA-DRBI*14'° were
associated with COPD. A small number of GWAS have
demonstrated that there is a COPD susceptibility locus in
the HLA region on chromosome.”'®!” In addition, one
other study, using microRNAs, identified HLA-DQOBI-
ASI as a key player in smoking-related COPD.'’
Although the association described in these studies is

-log1o (p-value)

3 4 56 789

1 2 0 14 1% 18202

Chromosomal Coordinates

with advanced COPD, emphysema,'” and smoking-
related COPD,'® these findings support previously
described associations of COPD with HLA-DQ, neverthe-
less. Autoimmunity may contribute to COPD pathogenesis
since COPD occurs among never smokers and, more fre-
quently, in patients with rheumatoid arthritis.'” The HLA
molecules, particularly HLA class II, are associated with
autoimmune diseases, for example, type 1 diabetes and
systemic lupus erythematous.”® This study, therefore,
raises the possibility of an association between COPD
and HLA class II, mainly HLA-DQ.

The third most significant SNP in our cohort is the
rs74013641 SNP found in the intron of MAPK6 which is
one of the MAP kinase. The MAPKG is one of the MAP
kinases which is known to be activated in fibroblasts upon
treatment with serum or phorbol esters®’ and this gene
encodes the extracellular signal-regulated kinase 3
(Erk3). This gene is known to be activated in fibroblasts
upon treatment a gene associated with marked pulmonary

hypoplasia in mice.”> Other studies have shown that

Observed -logyo (p-value)

Expected —logyq (p-value)

Figure 3 (A) Manhattan and (B) Q-Q plots for GWAS analysis of early COPD based on the GENIE cohort after propensity score matching using age, sex, and BMI.
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Table 4 Association Results for the Top 10 Selected SNPs with Never Smoker Among Early COPD Compared with Those in Control

Chromosome SNP Position (Hg 18) Alternate Alleles Gene OR P value

20 rs6089394 61,081,701 T — 1.43 6.98 x 10°°
6 rs2857210 32,741,742 A HLA-DQB2 0.68 7.90 x 10°®
6 rs2621419 32,741,006 T HLA-DQB2 0.68 856 x 10°¢
I5 rs74013641 52,306,097 Cc MAPK6 1.63 152 107°
6 rs2621421 32,740,671 G HLA-DQB2 0.69 1.79 x 107
I rs34874126 87,679,663 G — 1.47 193 x 107°
12 rsl 1111953 104,646,996 G TXNRD| 1.68 1.95 x 10°°
6 rs2857194 32,747,273 A HLA-DQB2 0.68 2,04 x 10°°
7 rs1799999 113,518,434 Cc PPPIR3A 0.71 2,60 x 10°°
| rsl17938342 220,614,605 G — 1.82 2.65x 10°°

MAPK®6, as a mediator of antenatal steroid action, plays
a key role in producing surfactant protein.*>** The role of
MAPKG6 in the pathogenesis of COPD or in lung develop-
ment in human remains unknown. Hence, our finding is
the first to demonstrate a potential novel COPD suscept-
ibility locus in the MAPK6 gene on chromosome 15.

In the analysis excluding smoking (a well-known, most
powerful risk factor for the development of COPD) the
TLEI gene was found to be associated with the never
smokers in the early COPD group. TLE! is a member of
the Groucho/TLE gene family encoding transcriptional
corepressors and it interacts with DNA-binding transcrip-
tional factors.”>?® This gene has been described as an
important player in synovial sarcoma,”’® lung cancer”
and a major negative regulator of inflammation involving
macrophages by regulating the NF-kB pathway leading to
lung hypoplasia.®® However, no literature reported the
association of TLE] with COPD. Large sample studies

are needed to validate our findings and to evaluate for
a possible association of TLE! with COPD patients with
no previous smoking history.

PELI2 gene, which was associated with early COPD
next to the TLE genes in our result, involved in the toll-
like receptor and interleukin-1 signaling pathways and is
an activator of the MAP kinase. However, like TLE, there
is no study to evaluate the association between PELI2 and
COPD.

More than 70% of patients with COPD have GOLD
stage 1 (mild) or 2 (moderate) with no apparent respiratory
symptoms such as dyspnea on exertion.*' Previous studies
showed that Tiotropium could ameliorate the annual
decline in the FEVI1 and lower the frequency of acute
exacerbation when compared with placebo-treated patients
with GOLD stage 1 or 2 COPD.**** Therefore, earlier
detection of COPD could lead to early effective interven-

tion, reducing disease progression and socioeconomic

-log1o (p-value)

L
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Figure 4 Manhattan plot for GWAS analysis of never smoker among early COPD based on 38 cases and 1778 never smoker controls.
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Table 5 Association Results for the Top |0 Selected SNPs with Never Smoker Among Early COPD Compared with Those in Control

After Propensity Score Matching Using Age, Sex, and BMI

Chromosome SNP Position (Hg 18) Alternate Alleles Gene OR P value

9 rs2777774 84,208,347 A TLEI 4.30 401 x 10°¢
14 rs| 17744226 56,618,156 T PELI2 3.79 466 x 10°¢
9 rs72747234 84,207,320 T TLEI 4.49 571 x10°¢
6 rs4947324 31,528,130 T NFKBIL! 4.16 752 % 10°¢
9 rs16912278 28,026,836 A LINGO2 3.25 9.02x 10°¢
3 rs76594178 176,980,388 A TBLIXRI 4.89 9.18 x 10°¢
3 rs76600689 50,553,764 C CACNA2D2 3.86 9.95 x 10°¢
3 rs1 17801951 158,476,158 G LOC100287290 3.96 1.04 x 10°°
6 rs1418591 77,956,816 G HTRIB 2.94 1.38 x 10°°
10 rs7913896 26,906,566 G LINC00264 3.21 1.56 x 10°°

burden. Such early detection has been the focus in arecas
like in the United States America (USA) where COPD
monitoring is performed through the National Lung
Health Education Program.

It is cost effective to perform selective PFT with
bronchodilator response only to patients with genetic sus-
ceptibility to COPD, rather than to all patients. Also,
considering that the development of COPD is not only
linked to genetic susceptibility but also to exposure to
various environmental factors, a GWAS of early COPD
is needed to determine the genetic factors affecting COPD.
Despite substantial progress in evaluating the genetic sus-
ceptibility to COPD using GWAS, there has been no study
that investigated the genetic risk factors for early COPD.
Thus, our study has provided meaningful insights into this
genetic risk association.

Our study has several limitations. First, our top SNPs
did not approach genome-wide significance probably due
to the small patient sample size when compared with the
control sample size. Therefore, a replication cohort study
with a large sample size to support our study is needed.

-log1o (p-value)

Second, the definition of COPD is based on pre-
bronchodilator data. Indeed, it is possible that asthma
patients might have been included among those defined
as having COPD. Third, we did not perform functional
investigation of whether these single genetic variants
affect early COPD in lung tissue samples. Finally, the
prevalence of COPD in this study (4.1%) is lower than
expected among Korean adults over 40 years old
(13.4%).>* A possible explanation for this discrepancy is
that the current cohort consists of participants who are
healthy, have a high socioeconomic status than the general
population and have regular check-ups.

In conclusion, our study, using the GENIE Korean
cohort, suggests that several SNPs including the
rs2818103 and rs875033 SNPs on chromosome 6 and the
rs2857210 and rs2621419 SNPs in loci HLA-DQB?2 are
possibly associated with early COPD. We also identified
that the MAPK6 and TLEI genes might have a role in
susceptibility to early COPD development, particularly in
lung hypoplasia. Further studies are needed to validate our
findings.

8 9

10 11 12

Chromosomal Coordinates

Figure 5 Manhattan plot for GWAS analysis of never smoker among early COPD based on 38 cases and 1294 those among control after propensity score matching using

age, sex, and BMI.
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