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Short title: COL4A43 polymorphisms in COPD

ABSTRACT: A number of genome-wide linkage analyses have identified the 2q33.3-
2q37.2 region as most likely to contain the genes that contribute to the susceptibility to
chronic obstructive pulmonary disease (COPD). It was hypothesized that the type IV
collagen alpha3 (COL4A43) gene, which is one of the genes located at the 2q33.3-2q37.2
region, may act as a low-penetrance susceptibility gene for COPD.

To test this hypothesis, the association of COL4A3 -1162T>C, IVS2+12C>A,
P141L, G162E, H451R, P574L, and ‘315C>A polymorphisms with the risk of COPD was
investigated in a case-control study of 311 COPD patients and 386 controls.

The presence of at least one 451R allele was associated with a significantly higher
risk of COPD compared with the 451 H/H genotype [adjusted odds ratio (OR) = 1.48, 95%
confidence interval (CI) = 1.03-2.14, P = 0.03]. When the subjects were stratified
according to age and COPD severity, the 451R allele was associated with a significantly
higher risk of COPD only in younger individuals with severe COPD (adjusted OR = 3.02,
95% CI=1.37-6.67, P =0.006).

In conclusion, these findings suggest that the COL4A43 gene contributes to the

genetic susceptibility to COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a disease characterized by progressive
irreversible airflow obstruction due to the narrowing of small airways by inflammation and
loss of lung elastic recoil resulting from parenchymal destruction [1]. Cigarette smoking is
the single most important environmental risk factor for the development of COPD, but
only a fraction of chronic smokers develops symptomatic COPD [2-4]. These
observations, together with the familial clustering of COPD [5], suggest that genetic
factors contribute to the development of COPD [6-8]. The genes related to the protease-
antiprotease hypothesis, oxidant-antioxidant hypothesis, inflammatory response, apoptosis,
and xenobiotic metabolism have been investigated based on the known or presumed
pathophysiology of COPD, but the results were often inconsistent across studies [9].

A number of genome-wide linkage analyses have identified chromosomal regions
that are likely to contain genes that contribute to the susceptibility to COPD [10-13]. The
2q33.3-2q37.2 region showed LOD scores greater than 2.0 for the ratio of forced
expiratory volume at one second (FEV)) to forced vital capacity (FVC) in the Boston
Early-Onset COPD Study families [10]. A similar region on chromosome 2q was linked to
the FEV/FVC ratio in the families studied in Utah Genetic Reference Project [12]. In
addition, it has been suggested that the 2q33.3-2q37.2 region of linkage contains genes that
contribute to COPD susceptibility through gene-by-smoking interactions [13]. This region
harbors a number of candidate genes for COPD, including interleukin-8 receptor-alpha and
-beta (ILSRA and ILSRB), CYP27A1, type IV collagen alpha 3 (COL4A3), and solute
carrier family 11.

Of the positional candidate genes for COPD, we investigated the potential role of
the COL4A43 gene in the susceptibility to COPD. COL4A3, which is one of six genetically
distinct homologous alpha-chains (COL4 A1-A6), is abundantly expressed in normal

alveolar basement membrane [14, 15]. It assembles into triple-helical collagen molecules



with the COL4AS5 and COL4AS, and it plays a pivotal role in the regulation of cellular
proliferation, adhesion, migration, and differentiation [14, 15]. Moreover, COL4A3 can
inhibit the activation of neutrophils. COL4A3 increases cytoplasmic cAMP in neutrophils,
resulting in the inhibition of their superoxide production and proteinase secretion [16, 17].
In addition, several studies have demonstrated that COL4A3 can inhibit endothelial cell
proliferation and induce cell apoptosis [18, 19]. Taken together, these findings suggest that
COL4A3 may be involved in the development of COPD by modulating the inflammatory
response or alveolar wall apoptosis [20-22].

Several polymorphisms in the COL4A43 gene have been deposited into public
databases [23]. Although the functional effects of these polymorphisms have not yet been
fully elucidated, we hypothesized that some of these variants may have an effect on
COLA4A3 expression or activity, and therefore may play a role in modulating the
susceptibility to COPD. To test this hypothesis, we performed a case-control study to

investigate the association between COL4A43 genotypes/haplotypes and the risk of COPD.



Materials and Methods

Identification and selection of polymorphisms

In order to screen all the potentially functional variants in the COL4A43 gene, the public
database [23] was used to search for candidate variants in the promoter region, all exons
including intron-exon boundaries (20 bp on either side of the introns), and the 3’-UTR of
the gene because variants in these regions are most likely to affect the gene function.
Seven polymorphisms [-1162T>C (the transcription start site was counted as +1,
rs12613226), IVS2+12C>A (rs1882435), P141L (in exon 7, rs10178458), G162E (in exon
7, 1s6436669), H451R (in exon 22, rs11677877), P574L (in exon 25, rs28381984), and
315C>A (the nucleotide 3’ of the translation termination codon was denoted by "1 [24],
1s2070735)] were captured and their frequencies were determined by direct sequencing in
a preliminary study that included 27 healthy Korean individuals. The samples were
collected after obtaining informed consent from each individual, which included 54
chromosomes, providing at least a 95% confidence level to detect alleles with frequencies
> 5%. The primer sets used for sequencing were designed based on the GenBank reference
sequence (accession no. NT 005403). The sequence variants were confirmed by two
independent authors. Information regarding all SNPs, SNP IDs and allele frequencies was
obtained from the NCBI homepage. The seven SNPs examined had minor allele
frequencies > 10% in the 27 subjects. The P141L and G162E polymorphisms were in
complete LD (|D’| = 1.00 and #* = 1.00). Therefore, six SNPs (-1162T>C, IVS2+12C>A,
G162E, H451R, P574L, and *315C>A) were chosen for the association study (Fig. 1).

Study population
The patient group (n =311) consisted of male COPD patients who visited at the
respiratory center of the Kyungpook National University Hospital between July 2006 and

December 2006. COPD was diagnosed according to the criteria established by the



NHLBI/WHO Global Initiative for COPD (GOLD, Ref. 1). The criteria for COPD were as
follows: chronic respiratory symptoms and signs such as cough and dyspnea; post-
bronchodilator FEV, < 80% of the predicted value, FEV/FVC < 70% and FEV,
reversibility after inhaling 200 pg salbutamol < 12% of the pre-bronchodilator FEV;. The
severity of COPD was classified by the percentage predicted FEV), according to the
guidelines established by the GOLD: mild (> 80%), moderate (50-80%), severe (30-50%)
or very severe (< 30%). The control subjects (n = 386) were recruited from 765 males who
visited the health check-up center at Kyungpook National University Hospital during the
same period. The enrollment criteria for the controls were as follows: age > 45 years, no
known disease and no history of any disease, and no airflow limitation. A total of 386 out
of 718 males who met these criteria agreed to participate in this study (participation rate,
53.8%). Compared with the subjects that refused to participate, the enrolled subjects
showed a similar age distribution and smoking exposure level. All the cases and the

controls were ethnic Koreans and they resided in Daegu City or the surrounding regions.

LightCycler Genotyping

The genotypes of the six polymorphisms were determined by PCR and melting-curve
analysis using fluorescence-labeled hybridization probes (LightCycler, Roche Diagnostic,
Mannheim, Germany). A genotype success rate of more than 98% was achieved using the
FRET method. Samples that could not be scored by the FRET method were re-genotyped
by direct sequencing using an ABI PRISM 3700 genetic analyzer (Applied Biosystems).
All genotyping analyses were performed “blind” with respect to the case/control status in
order to ensure quality control. Approximately 10% of the samples were randomly
selected to be genotyped again by a different investigator, and the results were 100%

concordant.

Statistical Analysis



The cases and controls were compared using the Student's #-test for continuous variables
and a Xz test for categorical variables. Hardy-Weinberg equilibrium was tested using a
goodness-of-fit y* test with one degree of freedom, as implemented through SAS Genetics.
The strength of LD between pairs of polymorphisms was measured as D’ and #* by
HaploView [25]. LD blocks were inferred from the definition proposed by Gabriel et al.
[26]. Unconditional logistic regression analysis was used to calculate odds ratios (ORs)
and 95% confidence intervals (Cls), with adjustment for possible confounders (age and
pack-years of smoking as continuous variables). In addition to the overall association
analysis, we performed a stratified analysis according to age and COPD severity in order
to further explore the association between COL4A3 genotypes and the risk of COPD in
each stratum. For the gene-smoking interaction analyses, we used three approaches to
evaluate the consistency of the results: 1) stratified analyses in specific categories of
cumulative smoking exposure, ii) genotype/haplotype-smoking joint effects, and 1ii)
logistic regression model including the interaction term between genotype and smoking. In
the regression model, smoking was considered as both a discrete and continuous variable
as follows: 1) pack-years of smoking, ii) square root of pack-years, and iii) smoking
exposure level; never-smoker/lighter-smoker/heavier-smoker. Because the interaction term
was not statistically significant in any of these models, we only presented the result when
the continuous cumulative smoking dose (pack-years of smoking) was used in the analysis.
For these analyses, ever-smokers in both groups were categorized into two subgroups
according to the median pack-year value: ever-smokers < 33 pack-years (lighter smokers)
and ever-smokers > 33 pack-years (heavier smokers). All of the analyses were performed
using Statistical Analysis Software for Windows, version 8.12 (SAS institute, Gary, NC,

USA).



Results

The baseline characteristics of the cases and controls enrolled in this study are shown in
Table 1. The FEV; and FEV,/FVC ratio were significantly lower in the COPD group than
in the control group.

The genotype and polymorphic allele frequencies of the six COL4A43
polymorphisms in the cases and controls are shown in Table 2. The genotype distributions
of the six polymorphisms in the controls were in Hardy-Weinberg equilibrium. The
frequency of the polymorphic allele at H451R was significantly higher in the cases than in
the controls (0.17 vs 0.13, P =0.02). Individuals with at least one 451R allele were at a
significantly higher risk for COPD compared to carriers of the 451 H/H genotype (adjusted
OR =1.48, 95% CI = 1.03-2.14, P = 0.03). The genotype distributions of the other five
polymorphisms studied were not significantly different between the cases and controls.

The association of the H451R genotypes with the risk of COPD was further
examined after stratifying the subjects according to age, smoking status and the severity of
COPD (Table 3). When stratified by median age, the H/R or R/R genotype was associated
with a significantly increased risk of COPD in younger individuals (adjusted OR = 1.93,
95% CI=1.10-3.39, P =0.02); however, there was no significant association between
these genotypes and risk of COPD in older individuals. When stratified according to the
smoking status, the effect of the H/R or R/R genotype on the risk of COPD was significant
in the smokers (adjusted OR = 1.57, 95% CI = 1.08-2.27, P = 0.02) but not in the never-
smokers. When the ever-smokers were dichotomized by median pack-years of smoking,
the effect of the H/R or R/R genotype on the risk of COPD was significant in the heavier
smokers (adjusted OR = 1.84, 95% CI = 1.10-3.08, P < 0.02), whereas there was no
significant association between these genotypes and risk of COPD in the lighter smokers.

When the COPD cases were categorized by COPD severity, the presence of one or two



451R alleles was associated with a significantly increased risk for severe COPD (GOLD
III-IV, adjusted OR = 1.62, 95% CI = 1.00-2.61, P = 0.04), whereas there was no
significant association between the H451R genotypes and the risk of mild-to-moderate
COPD (GOLD I-IT). When age and COPD severity were considered together, the effect of
the H/R or R/R genotype was only significant in the younger individuals with severe
COPD (GOLD III-IV, adjusted OR = 3.02, 95% CI = 1.37-6.67, P = 0.006; P = 0.001, test
for homogeneity).

In addition to the stratification analyses, the joint effects of the H451R genotypes
and smoking status on the risk of COPD were also investigated (Table 4). When the group
of never-smokers with the H/H genotype was used as the reference group, the group of
heavier smokers with the H/R or R/R genotype was found to have the highest risk of
COPD (adjusted OR =9.51, 95% CI =3.93-23.01, P < 0.001). Nevertheless, we did not
observe statistically significant evidence for interactions between the H451R genotypes
and the continuous cumulative smoking dose in the multivariate logistic regression

analysis (P = 0.32 for the interaction term).



Discussion

In the present study, we investigated the potential association between polymorphisms in
the COL4A3 gene and the risk of COPD in a Korean population. The H451R
polymorphism was associated with a significantly increased risk for COPD. The
association between the H451R genotypes and risk of COPD was more evident in younger
individuals and in patients with severe COPD. These findings suggest that the COL4A43
gene may be involved in the development of COPD and that the H451R polymorphism in
the COL4A3 gene may be a useful marker for genetic susceptibility to COPD.

In the present study, the COL4A43 H451R polymorphism interacted with tobacco
smoking in determining the risk of COPD. The H/R or R/R genotype was significantly
associated with the risk of COPD in the smokers but not in the never-smokers, which
reflects a gene-environment interaction. Such an interaction is biologically plausible
because smoking is known to be a major cause of COPD. Another interesting finding of
this study is that the H451R polymorphism had a more pronounced association with severe
COPD in the younger patients, which is consistent with the notion that genetic factors can
play a major role in the early onset of disease [10, 11]. Individuals with aberrant COL4A3
activity may be more prone to developing COPD at a younger age, thus the association
would be more clearly observed in younger patient with severe COPD.

It remains to be elucidated whether the COL443 H451R polymorphism itself
affect protein folding, interaction sites, solubility or stability of the protein or whether it is
in LD with either another COL4A3 variant or an adjacent true susceptibility gene. Several
computational algorithms have been introduced to predict the effect of nonsynonymous
single nucleotide polymorphisms (nsSNPs) on protein structures or functions [27]. The
PolyPhen algorithm was developed to identify functionally important nsSNPs by

predicting whether an amino acid change is likely to be deleterious to the protein on the



basis of the three-dimensional structure and multiple alignments of homologous sequences
[28]. Zhu et al. [29] applied PolyPhen to 166 molecular epidemiologic studies to examine
the correlation between position-specific independent counts (PSIC) score and the OR
associated with a particular nsSSNP. They found a significant inverse correlation between
the ORs and PSIC score difference, and between tolerance index and PSIC score
difference. These results indicate that PolyPhen is helpful in predicting the functional
significance of the nsSSNP. We also used PolyPhen to infer the functional relevance of the
three COL4A43 nsSNPs studied (G162E, H451R and P574L) and found that the H451R
polymorphism was the only polymorphism that may possibly be damaging, which is
consistent with the finding of the current study that the 451R allele was associated with a
significantly increased risk for COPD. This finding is, therefore, biologically plausible.

The interpretation of our data is limited by the lack of published evidence
showing that COL4A3 contributes to the development of COPD. The pathologic hallmarks
of COPD are small airway inflammation and emphysema. One of the most prevailing
hypotheses for the pathogenesis of emphysema is an inflammatory cell theory, which
suggests that cigarette smoke stimulates inflammatory cells, such as neutrophils and
macrophages, to release proteinases, which leads to the disruption of the extracellular
matrix (ECM) and basement membrane [1, 20, 30]. An alternative hypothesis is an
apoptosis theory, which suggests that cigarette smoke decreases the expression of vascular
endothelial growth factor and its receptor-2, resulting in epithelial and endothelial
apoptosis with subsequent loss of ECM components and alveolar units [23, 31]. COL4A3
has been shown to inhibit the activation of neutrophils and thereby decreases their
secretion of superoxide and proteinases, including elastase and type IV collagenase [16,
17]. In addition, several studies have demonstrated that the non-collagenous domain of
COLA4A3 inhibits angiogenesis by interacting with integrins, leading to cell apoptosis [18,
19]. Therefore, it is possible that COL4A3 may be involved in the degradation of the

basement membrane and ECM by modulating either the inflammatory response or



apoptosis, and thus contribute to the development of COPD. However, this hypothesis
must be verified in future studies.

COL4A3 polymorphisms may have an influence on disease progression.
However, in this study, however, there was no significant difference in the genotype
distributions of COL4A43 polymorphisms according to the severity of COPD. In addition,
the COL4A43 genotypes were not significantly associated with the quantitative lung
function measures (data not shown).

In conclusion, the COL4A43 H451R polymorphism was significantly associated
with the risk of COPD. The association between the H451R polymorphism and the risk of
COPD appeared to be influenced by tobacco smoking. The effect of the polymorphism on
the risk of COPD was more pronounced in the younger patients with severe COPD. These
results suggest that the COL4A43 gene may contribute to a genetic predisposition to COPD
by influencing the response to cigarette smoke exposure through a gene-smoking
interaction. However, because this is the first case-control study investigating the
associations between COL4A43 polymorphisms and the risk of COPD, additional studies
are required to confirm our finding. Moreover, further study is needed to define a

functional role for COL4A43 in COPD.
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Fig. 1. Gene map, polymorphisms, and linkage disequilibrium (LD) coefficients. (A) Gene
map and polymorphisms in COL4A43 gene on chromosome 2q36-q37. Coding exons are
marked by black blocks and 3’-UTR by white block. The first base of transcription start
site is denoted as +1 (Ref. genomic sequence NT 005403). (B) LD block between
COL4A3 polymorphisms in 27 healthy Koreans. Black box indicates complete LD (|D’| =
1.0 and /= 1.0). White boxes indicate strong recombination (upper CI < 0.9), and the gray
boxes indicate uninformative findings. Triangle indicates haplotype block. Numbers in

squares are |D’| (x 100) values.
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Table 1. Characteristics of the study population

Variable COPD (n = 311) Control (n = 386) P
Age (years) 65.5 + 8.1 60.4 + 8.0 <0.001"
Smoking status <0.001"
Current 171 (55.0)" 205 (53.1)
Former 129 (41.5) 128 (33.2)
Never 11 (3.5) 53 (13.7)
Pack-years' 42.6 + 20.0 30.8 = 16.9 <0.001"
FEV, (% Predicted 63.4 + 26.3 104.9 + 16.8 <0.001"
)
FEV/FVC (%) 49.7 + 13.1 80.7 + 7.4 <0.001"

Note. All the cases and controls are male and ethnic Koreans.

FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity.

“t-test

2 test.

"Numbers in parenthesis, column percentage.
TIn current and former smokers.



Table 2. COL4A43 genotypes of COPD cases and controls, and their association with the risk of COPD

Polymorphi Cases Controls Minor allele frequency  Adjusted OR"
(rs no.) Genoty n (%) n (%) P*  Cases Contro P* (95% CI) yadl
-1162T>C TT 154 (49.5) 191 (49.5) 09 0.30 0.30 0.85 1.00
(rs12613226 TC 130 (41.8) 158 (40.9) 0.98 (0.69-1.3 0.9
CC 27 (8.7) 37 (9.6) 0.99 (0.55-1.8 0.9
IVS2+12C> cc 101 (32.5) 135 (35.0) 0.7 042 0.41 0.54 1.00
(rs1882435) CA 157 (50.5) 188 (48.7) 1.20 (0.83-1.7 0.3
AA 53 (17.0) 63 (16.3) 1.18 (0.72-1.9 0.5
G162E (G> GG 241 (77.5) 307 (79.5) 0.3  0.12 0.11 0.74 1.00
(rs6436669) GE 68 (21.9) 73 (18.9) 1.11 (0.74-1.6 0.6



EE
H451R (A> HH
(rs11677877  HR
RR
HH
HR+RR
P574L (C> PP
(rs28381984  PL
LL
315C>AT CcC
(rs2070735)  CA
AA

2 (0.6)
213 (68.5)
88 (28.3)
10 (3.2)
213 (68.5)
98 (31.5)
86 (27.7)
165 (53.1)
60 (19.3)
187 (60.1)
112 (36.0)
12 (3.9)

6 (1.6)
294 (76.2)
84 (21.8)

8 (2.1)
294 (76.2)
92 (23.8)
123 (31.9)
183 (47.4)
80 (20.7)
220 (57.0)
147 (38.1)
19 (4.9)

0.0 0.17 0.13
0.0

0.3 046 0.44
0.6 022 0.24

0.34 (0.06-1.9
1.00
1.44 (1.00-2.1
1.99 (0.69-5.7
1.00
1.48 (1.03-2.1
1.00
1.39 (0.95-2.0
1.25 (0.78-2.0
1.00
0.88 (0.62-1.2
0.55 (0.24-1.2

0.02

0.60

0.35

0.2

0.0
0.2

0.0

0.0
0.9

0.4
0.1

" Two-sided y2 test for either genotype distributions or allele frequencies between the cases and controls

YORs (95% Cls) and P-values were calculated by unconditional logistic analysis, adjusted for age and pa

ck-years of smoking.

"The nucleotide 3° of the translation termination codon was denoted by 1.

Table 3. Association between COL4A43 H451R (rs11677877A>G) genotypes and the risk of COPD

Cases Controls Adjusted OR (95
Variables HH  HR + RR HH  HR + RR % CI) P Py
for HR + RR vs
HH
Age (years)
< 60 51 (61.4 32 (38.6) 155 (76.4 48 (23.6) 1.93 (1.10-3.39)* 0.02 0.10
) )
> 60 162 (71.1 66 (28.9) 139 (76.0 44 (24.0) 1.25 (0.78-2.01)*  0.35
) )

Smoking status



Never 8 (72.7) 3 (27.3) 40 (75.5 13 (24.5) 1.16 (0.27-5.01)1  0.85

)
Ever! 205 (68.3 95 (31.7) 254 (763 79 (23.7) 1.57 (1.08-227)1  0.02 0.29
) )
Pack-years of smokin
gT
<33 69 (74.2 24 (25.8) 151 (76.3 47 (23.7) 1.15 (0.65-2.06) " 0.63
) )
> 33 136 (65.7 71 (34.3) 103 (76.3 32 (23.7) 1.84 (1.10-3.08) " 0.02 0.09
) )
Severity of COPD
GOLD I+1I 138 (69.7 60 (30.3) 294 (762 92 (23.8) 1.33 (0.88-2.01)F 0.18
) )
GOLD III + IV 75 (66.4 38 (33.6) 294 (762 92 (23.8) 1.62 (1.00-2.61)* 0.04 0.38
) )
Age & Severity of C
OPD
Age <60, GOLD I + 35 (67.3 17 (32.7) 155 (76.4 48 (23.6) 1.44 (0.73-2.84)"  0.30
II ) )
GOLD IIT + 1 16 (51.6 15 (48.4) 155 (76.4 48 (23.6) 3.02 (1.37-6.67)"  0.00 O.%O
A% ) ) 6 1
Age > 60, GOLD I + 103 (70.5 43 (29.5) 139 (76.0 44 (24.0) 1.25 (0.75-2.10)*  0.39
II ) )
GOLD IIT + 1 59 (72.0 23 (28.0) 139 (76.0 44 (24.0) 1.31 (0.69-2.49)"  0.40
\ ) )

" Test for homogeneity.

Adjusted for pack-years of smoking; TAdjusted for age; TCurrent and former smokers; ¢Adjusted for age a
nd pack-years of smoking.

SCompared with all the other groups combined.



Table 4. Interaction of COL443 H451R genotypes and tobacco smoking on the risk of
COPD

Genotype
Smoking status H/H Adjlisted OR (95% H/R + R/ Adjysted OR (95%
CI) R CI)
Never smoker 8/40" 1.00 (reference) 3/13 1.23 (0.27-5.47)
Smoker
< 33 pack-years  69/151 2.40 (1.05-5.401  24/47 2.79 (1.11-7.05)"
> 33 pack-years  136/103 5.36 (2.37-12.13)  71/32 9.51 (3.93-23.01)*
t

"Data were calculated by logistic regression, with H/H genotype in never-smokers as
reference group and adjusted for age.
#

Cases no./Controls no.
TP =0.04,;TP=0.03; *P < 0.001.

P =0.32 for the interaction term between the genotype and continuous cumulative
smoking dose (pack-years of smoking) in the multivariate model.






