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Abstract 

Ye Jin Lee 

Medicine, Internal Medicine 

The Graduate School 

Seoul National University 

 

Introduction: Identifying the genetic basis of airflow limitation is one of the most 

interesting issues for understanding COPD pathophysiology. Although some genetic 

variants associated with COPD or airflow limitation 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. 

Methods: Genotyping was performed, using the Affymetrix Axiom®  Customized 

Biobank Genotyping Arrays (Affymetrix, Santa Clara, CA, USA), on blood samples 

from the Gene-environment interaction and phenotype (GENIE) cohort that 

included participants who received health screening examination at the Seoul 

National University Hospital Healthcare System Gangnam Center (SNUH-GC) 

between February 2014 and October 2016. The association between single 

nucleotide polymorphism (SNP) and susceptibility to early COPD (FEV1 predicted 

≥50% & FEV1/FVC <0.7) was tested in smokers vs never-smokers.  
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Results: A total of 130 patients with early COPD and 3,478 controls (1,700 ever-

smokers and 1,778 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 × 10-7 ~9.6 × 10-6) 

although they did not reach genome-wide significance. When compared with the 

never-smoker controls, two SNPs (rs2857210, rs2621419) of the HLA-DQB2 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. 
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Introduction 

According to the burden of obstructive lung disease (BOLD) and other large 

epidemiologic studies, COPD patients were estimated at 380 million in 2010, with 

global prevalence estimated at 11.7%1. 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 years2.  

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 COPD3-5.  

Similar to A1 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) studies6. Some of these well-

established COPD risk genes include HHIP, SERPINA, FAM13A, AGER, CHRNA5, 

and IL276-10. 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%9. With the inclusion of these advanced COPD cases, 

it is likely that environmental factors, in addition to the genetic factors, contributed 
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to the results obtained. Therefore, the current study to investigate genetic variants in 

early COPD was designed to eliminate possible environmental effects. Thus, we 

would be able to identify loci that contribute to COPD pathogenesis independent of 

environmental risk factors. 
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Material and 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) and was in accordance with the 

1964 and later modifications of the Helsinki declaration on the use of human subjects 

for research. Informed consents were obtained from all patients in the cohort.  

Among the 4,520 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. A total of 130 patients with early COPD and 3,478 controls were 

recruited (Figure 1). Demographics including age, sex, body mass index (BMI), 

smoking status, PFT, and Helicobacter pylori infection 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 guidelines11. The diagnosis of H. pylori infection was based on the 

detection of serum H. pylori IgG antibody using a kit (H. pylori-EIA-Well, Radim, 



 

4 

 

Rome, Italy) that was previously validated in a nationwide Korean seroepidemiology 

study12. 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.
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Figure 1. Selection criteria used to enroll subjects  
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Genotyping  

We collected donated blood samples from the remaining 3,608 subjects and analyzed 

them using the Affymetrix Axiom®  Customized Biobank Genotyping Arrays 

(Affymetrix, Santa Clara, CA, USA), and the PLINK program (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 × 10−5) were 

excluded. After performing the quality control evaluations, 345,072 autosomal 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). A total of 345,072 SNPs that passed the quality 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–log10 plots. The 

significant SNPs (P < 1.45 × 10−7, value derived from the 345,072 QC-qualified SNPs 

and Bonferroni correction) were tested in the validation cohort samples. We grouped 
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the significant SNPs by the linkage disequilibrium (LD) and D’ values and generated 

graphs using the Haploview 4.2. software. 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.
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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, H. pylori 

infection, and were likely to have poorer pulmonary functions including FEV1, FVC, 

and FEV1/FVC ratio.  

Top SNPs 

In our study, we found no significant SNP association with early COPD in the GENIE 

cohort. The SNP most associated with early COPD was the rs2818103 SNP and the 

second most associated SNP was the rs875033 SNP, yielding p =5.6 x 10-7 and p = 

2.7 x 10-6, respectively. Both SNPs were located on chromosome 6. The top 10 most 

significant p-values obtained after analysis are presented in Table 2. The Manhattan 

and the Q-Q plots showing 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). We performed multivariable 

regression with adjustment of variables that had the possibility to alter outcomes. To 

investigate whether the SNPs on chromosome 6 are associated with early COPD 

susceptibility regardless of differences (age, sex, BMI) between the two groups, we 
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performed PS matching. In this analysis, the results were similar in that the rs2818103 

SNP on chromosome 6 was just below the exome-wide significance threshold (p = 

1.9 x 10-7) and several other SNPs located on chromosome 6 had trends for 

association with early COPD (Table 3 and Figure 3). 

There was a consistent association of chromosome 6 with early COPD but no 

association was observed with the non-smoker control group although several SNPs 

(rs2857210 and rs2621419) on this chromosome were just below the exome-wide 

significance threshold (P = 7.90 × 10-6, 8.56 × 10-6, respectively). Interestingly, early 

COPD was associated with the region on chromosome 6 that included only one gene, 

HLA (Human Leukocyte Antigen)-DQB2 (Figure 3). This gene was detected four 

times among the top 10 most significant SNPs found in this study. 

The next most significant SNP in early COPD patients, when compared with never 

smokers, was the rs74013641 SNP which lies the mitogen-activated protein kinase 6 

(MAPK6) (P = 1.52 × 10-5) gene. The MAPK6 is one of the MAP kinases which is 

known to be activated in fibroblasts upon treatment with serum or phorbol esters13 

and this gene encodes the extracellular signal-regulated kinase 3 (Erk3). The top 10 

SNPs (with the most significant P values) associated with early COPD when 

compared with the never smoker control are presented in Table 4. Figure 4 shows the 

Manhattan plot for GWAS analysis of early COPD based on the 130 cases and the 

1,778 non-smoker controls 
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Table 1. Baseline characteristics of subjects. 

FVC = forced vital capacity; FEV1 = forced expiratory volume in one second; PFT 

= pulmonary function test; COPD = chronic obstructive pulmonary disease 

 
Early COPD  

(n=130) 

Control-never 

(n=1778) 

Control-ever 

(n=1700) 

 

p value 

Age (yr) 54.9 ± 7.9 49.0 ± 6.6 49.6 ± 6.2 <0.001 

Sex (male) 105 (80.8%) 497 (27.9%) 1651 (97.1%) <0.001 

BMI (m
2

/Kg) 
23.7 ± 3.29 22.6 ± 3.0  24.3 ± 2.8 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 20.4 ± 15.8 0.712 

Baseline PFT 

         

 

 

 

 

 

 

 

FEV1(L) 2.64 ± 0.59 2.81 ± 0.60 3.47 ± 0.64 <0.001 

FEV
1
_% 87.4 ± 13.2 105.5 ± 12.8 104.1 ± 11.9 <0.001 

FVC (L) 4.00 ± 0.82  3.39 ± 0.71 4.29 ± 0.62 <0.001 

FVC_ % 97.1 ± 11.6 96.8 ± 11.2 96.6 ±10.4 0.971 

FEV1/FVC 65.9 ± 3.89 83.0 ± 5.55 80.6 ± 5.02 <0.001 

H. pylori (n=2908) 47 (36.2%) 543 (30.5%) 811 (47.7%) <0.001 



 

11 

 

Table 2. The top 20 results of nonsynonymous, stop, and splice variant 

association with early COPD compared with control 

Chromosome SNP Position  

(Hg 18) 

Alternate alleles Gene OR 

 

P value 

6 rs2818103 68375896 T --- 2.03 5.59 x 10 -7 

6 rs875033 68327030 C --- 1.94 2.67 x 10 -6 

9 rs1981075 11124108 A --- 2.39 4.67 x 10 -6 

6 rs9354627 68460987 G --- 1.94 6.59 x 10 -6 

6 rs34552148 68467954 A --- 1.91 9.61 x 10 -6 

3 rs2216393 1.78E+08 T --- 1.77 1.49 x 10 -5 

4 rs13121984 83668330 C SCD5 0.55 1.54 x 10 -5 

18 rs1037349 22452090 T --- 2.22 2.86 x 10 -5 

9 rs74840457 25324524 C TUSC1 2.36 3.29 x 10 -5 

1 rs1436879 217082385 T ESRRG 1.76 3.36 x 10 -5 

11 rs76353488 67779052 T LDH3B1 2.95 3.76 x 10 -5 

7 rs7798061 6713936 T --- 2.43 3.93 x 10 -5 

15 rs16959528 35002935 G GJD2 3.52 4.12 x 10 -5 

1 rs4658337 90304187 C LRRC8D 0.63 4.34 x 10 -5 

12 rs11171153 55290119 T MUCL1 2.97 5.43 x 10 -5 

14 rs73371840 105960629 C C14orf80 2.58 6.98 x 10 -5 

20 rs6044412 16813302 T --- 3.01 7.04 x 10 -5 

14 rs227000 22979348 A --- 0.69 7.79 x 10 -5 

16 rs74250602 8817119 T ABAT 2.24 7.83 x 10 -5 

6 rs76784100 91505805 C MAP3K7 2.74 8.38 x 10 -5 
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Figure 2. Manhattan and Q-Q plots for GWAS analysis of early COPD based 

on the GENIE cohort. 

 



 

13 

 

Table 3. The top 20 results of nonsynonymous, stop, and splice variant 

association 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 68375896 T  ---  2.10 1.9E × 10 -7 

6 rs875033 68327030 C  ---  1.98 1.43 × 10 -6 

6 rs9354627 68460987 G  ---  2.01 2.65 × 10 -6 

6 rs34552148 68467954 A  ---  1.98 4.31 × 10 -6 

9 rs1981075 11124108 A  ---  2.33 1.28 × 10 -5 

21 rs4819063 46746161 A LINC00315  0.50 1.55 × 10 -5 

18 rs1037349 22452090 T  ---  2.34 1.73 × 10 -5 

6 rs9354616 68386994 A  ---  1.92 2.26 × 10 -5 

3 rs2216393 177744381 T  ---  1.75 2.67 × 10 -5 

1 rs1436879 217082385 T  ESRRG  1.77 2.84 × 10 -5 

1 rs4658337 90304187 C  LRRC8D  0.407 2.85 × 10 -5 

11 rs76353488 67779052 T  LDH3B1  2.15 3.11 × 10 -5 

17 rs74645532 10804151 T  ---  2.68 3.18 × 10 -5 

1 rs7538861 49200407 A  BEND5  1.72 3.45 × 10 -5 

15 rs16959528 35002935 G  GJD2  2.44 3.85 × 10 -5 

1 rs59316804 19772148 G  CAPZB  2.03 3.88 × 10 -5 

1 rs79308175 19775375 A  CAPZB  1.97 4.26 × 10 -5 

1 rs116907204 23649798 G  HNRNPR  2.67 4.56 × 10 -5 

6 rs1319208 68273531 A  ---  1.91 4.69 × 10 -5 

9 rs74986431 103521184 C  ---  0.50 5.44 × 10 -5 
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Figure 3. Manhattan and 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. Top 20 results of nonsynonymous, stop and splice variant association 

with early COPD compared never-smoker control 

Chromosome SNP Position  

(Hg 18) 

Alternate alleles Gene OR 

 

P value 

20 rs6089394 61081701 T  ---  1.43  6.98 × 10-6 

6 rs2857210 32741742 A HLA-DQB2 0.68  7.90 × 10-6 

6 rs2621419 32741006 T HLA-DQB2 0.68  8.56 × 10-6 

15 rs74013641 52306097 C MAPK6  1.63  1.52 × 10-5 

6 rs2621421 32740671 G HLA-DQB2 0.69  1.79 × 10-5 

11 rs34874126 87679663 G  ---  1.47  1.93 × 10-5 

12 rs11111953 104646996 G TXNRD1  1.68  1.95 × 10-5 

6 rs2857194 32747273 A HLA-DQB2  0.68  2.04 × 10-5 

7 rs1799999 113518434 C PPP1R3A  0.71  2.60 × 10-5 

1 rs117938342 220614605 G  ---  1.82  2.65 × 10-5 

7 --- 98719597 T  SMURF1  1.37 3.16 × 10-5 

7 rs2788478 158672619 A  WDR60  1.38 3.19 × 10-5 

1 rs10873947 77986516 A  AK5  0.75 3.36 × 10-5 

6 rs1044043 32793981 A  TAP2  1.50 3.41 × 10-5 

3 rs73158512 157161906 T  VEPH1  0.68 3.43 × 10-5 

22 rs34259162 25410895 G  KIAA1671  1.35 3.50 × 10-5 

15 rs73400750 52375794 G  ---  0.63 3.54 × 10-5 

19 rs75996882 41007798 -  SPTBN4  0.61 3.77 × 10-5 

5 rs11738859 82034311 C  ---  1.42 4.14 × 10-5 

15 rs386555803 61213225 C  RORA  1.67 4.93 × 10-5 

6 rs2621393 32755216 C HLA-DQB2 1.44 5.19 × 10-5 
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Figure 4. Manhattan plot for GWAS analysis of early COPD based on 130 

cases and 1,396 non-smoker controls. 

 

HLA-DQB2 

MAPK6 
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In addition, to exclude confounding effects such as smoking, we compared the never 

smokers in the early COPD group with the never smokers in the control group. After 

PSM, 130 early COPD patients and 1,294 never smoker controls were included in 

each group, respectively. In this analysis, the rs2777774 SNP located in the 

transducin-like enhancer of split 1 (TLE1) 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. TLE1 is a member of the 

Gruocho/TLE gene family encoding transcriptional corepressors and it interacts with 

DNA-binding transcriptional factors14,15. 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) involved in the toll-like receptor and interleukin-1 signaling pathways and is an 

activator of the MAP kinase. Unfortunately, these SNPs did not reach statistical 

genome-wide significance (Table 5 and Figure 5).  

After PSM, the never smokers in the early COPD and control groups were 38 and 

380 patients, respectively. Unlike the previous matching result, there was no distinct 

chromosomal association with susceptibility to early COPD, excluding 

environmental factors. 
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Table 5. Top 20 results of nonsynonymous, stop, and splice variant association 

with never smoker among early COPD compared with those in control 

Chromosome SNP Position  

(Hg 18) 

Alternate 

alleles 

Gene OR 

 

P value 

9 rs2777774 84208347 A TLE1  4.30 4.01 × 10 -6 

14 rs117744226 56618156 T PELI2 3.79 4.66 × 10 -6 

9 rs72747234 84207320 T TLE1  4.49 5.71 × 10 -6 

6 rs4947324 31528130 T NFKBIL1  4.16 7.52 × 10 -6 

9 rs16912278 28026836 A LINGO2  3.25 9.02 × 10 -6 

3 rs76594178 1.77E+08 A TBL1XR1  4.89 9.18 × 10 -6 

3 rs76600689 50553764 C CACNA2D2  3.86 9.95 × 10 -6 

3 rs117801951 1.58E+08 G LOC100287290  3.96 1.04 × 10 -6 

6 rs1418591 77956816 G HTR1B  2.94 1.38 × 10 -6 

10 rs7913896 26906566 G LINC00264  3.21 1.56 × 10 -6 

3 rs76293890 51026806 T  DOCK3  3.63 1.67 × 10 -5 

9 rs72747210 84195643 T  TLE1  4.42 2.32 × 10 -5 

2 rs6754606 205924277 C  PARD3B  4.29 3.66 × 10 -5 

10 rs77183721 107612938 T LOC101927549  3.7 3.74 × 10 -5 

11 rs2285347 64677380 A  ATG2A  3.54 3.76 × 10 -5 

19 rs12460627 55529089 C  GP6  0.32 4.28 × 10 -5 

1 rs72637207 163846577 C  ---  3.55 4.31 × 10 -5 

9 rs56321152 84200132 A  TLE1  4.06 4.57 × 10 -5 

6 rs138760962 142125473 A  ---  3.30 5.44 × 10 -5 

1 rs72637203 163826043 C  ---  3.39 6.31 × 10 -5 
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Figure 5. Manhattan plot for GWAS analysis of never smoker among early 

COPD based on 38 cases and 1,778 those among control. 

 



 

20 

 

Discussion 

In this Korean GENIE cohort study, we have shown that the rs2818103 and rs875033 

SNPs on chromosome 6 are associated, 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 susceptibility to early COPD but no association observed in the 

control group. Furthermore, we identified that the rs2857210 and rs2621419 SNPs in 

the HLA-DQB2 loci on chromosome 6 are associated with susceptibility to early 

COPD but not with the never-smoker controls.  

To date, only a few studies have looked at the relationship between COPD and HLA. 

Two previous studies reported that HLA-Bw6016 and HLA-DRB1*1417 were 

associated with COPD. A small number of GWAS have demonstrated that there is a 

COPD susceptibility locus in the HLA region on chromosome 67,18,19. In addition, one 

other study, using microRNAs, identified HLA-DQB1-AS1 as a key player in 

smoking-related COPD20. Although the association described in these studies is with 

advanced COPD, emphysema19, and smoking-related COPD20, these findings support 

previously described associations of COPD with HLA-DQ, nevertheless. 

Autoimmunity may contribute to COPD pathogenesis since COPD occurs among 

never smokers and, more frequently, in patients with rheumatoid arthritis21. The HLA 

molecules, particularly HLA class II, are associated with autoimmune diseases, for 
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example, type 1 diabetes and systemic lupus erythematous22. 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 (mitogen-activated protein kinase 6), a gene associated with 

marked pulmonary hypoplasia in mice23. Other studies have shown that MAPK6, as 

a mediator of antenatal steroid action, plays a key role in producing surfactant protein 

24,25. The role of MAPK6 in the pathogenesis of COPD or in lung development in 

human remains unknown. Hence, our finding is the first to demonstrate a potential 

novel COPD susceptibility 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 TLE1 gene was found to be associated with the never 

smokers in the early COPD group. TLE1 has been described as an important player 

in synovial sarcoma26,27, lung cancer28 and a major negative regulator of inflammation 

involving macrophages by regulating the NF-κB pathway leading to lung 

hypoplasia29. However, no literature reported the association of TLE1 with COPD. 

Large sample studies are needed to validate our findings and to evaluate for a possible 

association of TLE1 with COPD patients with no previous smoking history. 

More than 70% of patients with COPD have GOLD stage 1 (mild) or 2 (moderate) 

with no apparent respiratory symptoms such as dyspnea on exertion30. Previous 
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studies showed that Tiotropium could ameliorate the annual decline in the FEV1 and 

lower the frequency of acute exacerbation when compared with placebo-treated 

patients with GOLD stage 1 or 2 COPD31,32. Therefore, earlier detection of COPD 

could lead to early effective intervention, reducing disease progression and 

socioeconomic burden. Such early detection has been the focus in areas 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 susceptibility 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 susceptibility 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. 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 
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investigation 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%)33. 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. 

Therefore, our findings may not be appropriately generalized to the Korean 

population. 

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-DQB2 are possibly associated with early COPD. 

We also identified that the MAPK6 and TLE1 genes might have a role in 

susceptibility to early COPD development, particularly in lung hypoplasia. Further 

studies are needed to validate our findings.  
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국문 초록 

조기 만성 폐쇄성 폐 질환의 감수성에 대한 전장 유전체 

연관 분석 

 

서론: 만성폐쇄성폐질환 환자의 병태생리학을 이해하는데 있어 

기류제한의 유전학적 기본을 밝혀내는 것은 흥미로운 이슈 중 하나이다. 

현재까지의 연구들은 모두 중등도 혹은 중증의 만성폐쇄성폐질환 환자를 

대상으로 전장 유전체 연관분석을 시행했으나 조기 만성폐쇄성폐질환 

환자를 대상으로 한 연구는 없는 실정이다. 

방법: 유전제분석은 서울대학교 병원 강남센터에서 2014년 2월부터 

2016년 10월까지 건강검진을 받은 환자를 포함하는 GENIE 코호트에 

있는 sample을 가지고 미국에 본사를 두고 있는 Affymetrix Axiom을 

이용하여 실행되었다. 1초 강제 호기량이 50% 이상이고 폐활량의 비가 

0.7미만인 환자를 조기 만성폐쇄성폐질환 환자로 정의하였고 흡연자 

그리고 비 흡연자 대조군과 비교하여 이 만성폐쇄성폐질환으로의 이환의 

위험성과 연관이 있는 단일염기 다형성을 찾아보았다. 

결과: 전체 3,478명의 대조군 (1,700명: 흡연자 대조군, 1,778명: 비흡연자 
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대조군)과 130명의 조기 만성폐쇄성폐질환 환자가 연구에 모집되었다. 

대조군과 환자군을 비교했을 때 비록 통계학적 유의미성에 미치지는 

못했지만, 염색체 6번에 위치한 몇 개의 단일염기 다형성이 (rs2818103, 

rs875033, rs9354627, rs34552148) 관찰되었고 비흡연자 대조군과 비교했을 

때 역시 염색체 6번과 관련이 있었으며 그 중 HLA-DQB2 유전자에 

위치한 단일염기 다형성이 (rs2857210, rs2621419) 관찰되었다. 

결론: 염색체 6번 내에 위치한 유전자 혹은 HLA-DQB2 내에 위치한 몇 

몇 단일 염기 다형성이 한국인에서 조기 만성폐쇄성 폐질환으로의 

이환이 될 위험성과 연관된 것을 밝혀내었다. 

 

주요어 : 조기 만성폐쇄성폐질환, 전장 유전체 연관 분석, 인간 백혈구 

항원 

학 번 : 2017-28903 
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