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A promoter SNP rs4073T>A in the common allele
of the interleukin 8 gene is associated with the
development of idiopathic pulmonary fibrosis via
the IL-8 protein enhancing mode
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Abstract

IPF via up-regulation of IL-8.

Background: Interleukin-8 (IL-8) is a potent chemo-attractant cytokine responsible for neutrophil infiltration in
lungs with idiopathic pulmonary fibrosis (IPF). The IL-8 protein and mRNA expression are increased in the lung
with IPF. We evaluated the effect of single nucleotide polymorphisms (SNPs) of the IL-8 gene on the risk of IPF.

Methods: One promoter (rs4073T>A) and two intronic SNPs (rs2227307T>G and rs2227306C>T) of the IL-8 genes
were genotyped in 237 subjects with IPF and 456 normal controls. Logistic regression analysis was applied to
evaluate the association of these SNPs with IPF. IL-8 in BAL fluids was measured using a quantitative sandwich
enzyme immunoassay, and promoter activity was assessed using the luciferase reporter assay.

Results: The minor allele frequencies of rs4073T>A and rs2227307T>G were significantly lower in the 162 subjects
with surgical biopsy-proven IPF and 75 subjects with clinical IPF compared with normal controls in the recessive
model (OR = 046 and 048, p = 0.006 and 0.007, respectively). The IL-8 protein concentration in BAL fluids
significantly increased in 24 subjects with IPF compared with 14 controls (p = 0.009). Nine IPF subjects
homozygous for the rs4073 T>A common allele exhibited higher levels of the IL-8 protein compared with six
subjects homozygous for the minor allele (p = 0.024). The luciferase activity of the rs4073T>A common allele was
significantly higher than that of the rs4073T>A minor allele (p = 0.002).

Conclusion: The common allele of a promoter SNP, rs4073T>A, may increase susceptibility to the development of

Introduction

Idiopathic pulmonary fibrosis (IPF) is a devastating dis-
ease of the idiopathic interstitial pneumonia family. It
predominantly affects the lung parenchyma and is char-
acterized by progressive dyspnea and worsening lung
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function [1]. Although the pathogenesis of IPF is largely
unknown, a current hypothesis suggests aberrant wound
healing of ongoing alveolar epithelial injury and repair
associated with the formation of patchy fibroblast-myofi-
broblast foci, which evolve to fibrosis [2,3]. The pro-
cesses of inflammation and fibrosis likely involve an
interaction between environmental triggers and genetic
background [2]. Supporting evidence for the genetic
background for pulmonary fibrosis is the familial occur-
rence, as seen in familial IPF [4]. However, the nature of
the genetic basis for sporadic IPF has not been evaluated
due to low disease incidence. Recent reports suggest
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that genetic polymorphisms of putative candidate genes
contribute to the development of lung fibrosis [5-7].

Characteristic of IPF is neutrophilia of the bronchoal-
veolar lavage fluid. The recruitment and activation of
neutrophils plays a fundamental role in the development
of lung injury, which precedes aberrant wound repair in
the pathogenesis of IPF[3]. Interleukin-8 (IL-8) acts as a
potent chemoattractant for neutrophils [8]. The IL-8
protein and mRNA expression are increased in the BAL
fluid and the alveolar macrophages of patients with IPF
[9]. An animal study also confirmed the role of IL-8 in
pulmonary fibrosis by demonstrating that bleomycin-
induced lung fibrosis is attenuated by the neutralization
of IL-8[10]. In addition to promoting inflammation, IL-8
has angiogenic activity[11,12]. Thus, genetic alterations
of IL-8 may be related to the development of IPF.

In humans, the gene encoding IL-8 is located on chro-
mosome 4q12-q21 and consists of four exons and three
introns [13]. Polymorphisms of IL-8 are associated
increased risk of developing various cancers [14]. SNPs
within IL8 have been reported as candidates for cystic
fibrosis lung disease, a neutrophil-dominant inflamma-
tory lung disease like IPF [15]. Although a previous
study reported no association between IPF risk and
these SNPs [16], the study had a small sample size of 71
patients with IPF including 31 surgical biopsy-proven
cases. Thus, a study with a relatively large sample size
was needed to examine the genetic effect of polymorph-
isms of the IL-8 gene on the risk of IPF. We genotyped
and compared the frequencies of three SNPs of the IL-8
genes in 237 subjects with IPF and 456 normal controls
and evaluated their association with the development of
IPF, as well as performed functional validation.

Methods

Study subjects

Subjects with IPF were recruited from the Korean
Cohort of Interstitial Lung Disease. The study popula-
tion comprised 237 patients with IPF recruited from
January 1984 to November 2004 from eight university
hospitals. Normal (control) subjects (n = 456) were the
spouses of the patients or volunteers from the general
population. Control subjects were at least 50 years old,
had no respiratory symptoms, exhibited normal FVC
and FEV1 (>75% of the predicted value), and normal
findings on a simple chest posterior-anterior view x-ray.
The diagnosis of IPF was based on an international con-
sensus statement by ATS/ERS with compatible findings
via surgical lung biopsy (n = 162) or using radio-clinical
criteria (n = 75), i.e., the presence of clinical, functional,
and high-resolution computed tomography patterns
strongly consistent with IPF. None of the patients with
IPF had any evidence of the underlying collagen vascular
diseases clinically or by laboratory diagnosis. The
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institutional review board by Soonchunhyang University
hospital for human studies approved the protocol, and
informed written consent was obtained from all subjects.

Genotyping with fluorescence polarization detection

To genotype polymorphic sites, primers and probes
were designed for TaqMan® 17. Primer Express
(Applied Biosystems, Foster, CA, USA) was used to
design both the PCR primers and the MGB TagMan
probes. One allelic probe was labeled with the FAM dye
and the other was labeled with fluorescent VIC dye. The
PCRs were run on the TagMan Universal Master mix
without UNG (Applied Biosystems), with a PCR primer
concentration of 900 nM and a TagMan MGB-probe
concentration of 200 nM. The reactions were carried
out in a 384-well format in a total reaction volume of
50 ul using 20 ng of the genomic DNA. The plates then
were placed in a thermal cycler (PE 9700, Applied Bio-
systems) and heated to 50°C for 2 min and 95°C for 10
min followed by 40 cycles of 95°C for 15 sec and 60°C
for 1 min. The TaqgMan assay plates were then trans-
ferred to a Prism 7900HT instrument (Applied Biosys-
tems), which measured the fluorescence intensity in
each well of the plate. The fluorescence data files from
each plate were analyzed using automated software
(SDS 2.1). Detailed information concerning the primers
is presented in additional file 1, table S1.

Bronchoalveolar lavage and enzyme immunoassay of IL-8
BAL had been performed in the most affected lobe by
computed tomography in the 24 subjects without any
immunosuppressive therapy and in the right middle
lobe of 14 normal controls, as described previously[17].
The supernatant was separated from cell pellets by cen-
trifugation at 500 x g for 5 minutes. IL-8 in BAL fluids
was measured using a quantitative sandwich enzyme
immunoassay kit (BD Pharmingen, San Diego, CA,
USA). The lower limit of detection for IL-8 was 15.6
pg/mL. Values below this limit were assumed to be 0
pg/mL for the statistical analysis. The inter- and intra-
assay coefficients of variance were below 10%. Protein
concentration of BAL samples was measured for stan-
dardization using a micro BCA protein assay kit (Pierce,
Rockford, IL, USA).

Assessing promoter activity using the luciferase reporter
assay

The promoter region of IL-8 was amplified using PCR.
The genomic DNA fragment was isolated from B cell
lines of the IPF subjects using a genomic DNA prepara-
tion kit (Gentra, Ipswich, MA, USA). The first PCR pro-
duct was amplified using the following primers: forward;
5-TGCCTTTGGAAGATTCTGCT-3’, reverse; 5'-
GCCAGCTTGGAAGTCATGTT-3". The primary PCR
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reaction mixture was diluted and used as a template for
a nested PCR reaction using the nested primers contain-
ing restriction enzyme sequences (forward; 5-ACTGG-
TACC(KpnI) ACATTACTCAGAAA-3’, reverse; 5'-
CCTACGCGT(MIul)GTCTCTGAAAGTTTG-3’) for
construction of the IL8 reporter plasmid. The amplified
fragment of the promoter region of the IL8 gene (-79 to
-743 bp from the transcription start site) was cloned
using the pGEM-T easy vector system (Promega Co.
Madison, WI, USA), was ligated with pGL-3 basic Luc+
reporter vector (Promega). Cloned DNA sequences were
determined by a DNA direct-sequencing service (Geno-
tech, Daejeon, Korea). One day before transfection, 293
T cells were seeded at 5 x 10° cells per well (6-well
plate) in 2 ml with 10% FBS. A 2-ug aliquot of the IL8-
pGL3 basic constructor plasmid and 50 ng of PSV-
galactosidase reporter vector (Promega, transfection
parameter) were diluted in 250 pl OptMEM (GIBCO
BRL, Burlington, MD, USA) without serum. The 4 pl of
lipofectamine 2000 (recommended DNA ug: lipofecta-
mine ul = 1:2, Invitrogen, Carlsbad, CA) was diluted in
250 ul OptMEM (GIBCO BRL) per well. The diluted
DNA was combined with the diluted lipid (total volume
500 ul per well). Then, 500 pl of transfection complex
was added, and the cells were incubated at 37°C with
5% CO2 in humidified air for 48 h. B-galactosidase
activity was measured by ortho-nitrophenyl-D-galacto-
pyranoside (ONPG) hydrolysis using B-Gal Assay kit
(Promega). The cells were solubilized by scraping with
400 pl of cell lysis buffer of Luciferase Assay System kit
(Promega). Luciferase activity was measured using the
Luciferase Assay System and luminometer (VICTORS3,
Perkinelmer, Waltham, MA, USA). And the relative
luciferase activity was normalized to the protein concen-
tration and PB-galactosidase activity.

Statistics

We applied widely used measures of linkage disequili-
brium to all pairs of biallelic loci: Lewontin’s D’ (|D’|)
[18] and 7°. Haplotypes of each individual were inferred
using the PHASE algorithm (ver. 2.0) developed by Ste-
phens et al. [19]. The genotype and haplotype distribu-
tions were analyzed using logistic regression models
with age (continuous value), gender (male = 0, female =
1), smoking status (non-smoker = 0, ex-smoker = 1,
smoker = 2), atopy (absence = 0, presence = 1), and
BMI as covariates. Cox models were used for calculating
relative hazards and P-values controlling age, sex and
smoking status[20]. Mantel-Haenszel chi-square (MHC)
tests were used to test for trend in the categorical analy-
sis. The data were managed and analyzed using SAS
version 9.1 (SAS Inc., Cary, NC, USA). Statistical power
of single associations was calculated with false-positive
rate of 5% and four given MAFs and sample sizes and
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assuming a relative risk of 1.5, using PGA (Power for
Genetic Association Analyses) software [21].

Results

Clinical profiles of study subjects

Clinical profiles of the study subjects are summarized in
Table 1. In total, 237 subjects with IPF and 456 normal
controls were recruited. Age and sex ratios of normal con-
trols were similar to those of the subjects with IPF. The
162 subjects with biopsy-proven IPF and the 75 subjects
with clinical IPF had similar age and sex ratios. The fre-
quency of current smokers and ex-smokers were higher in
the subjects with both biopsy-proven IPF and clinical IPF
compared with that in normal controls. The patients with
IPF had a significant reduction in FVC when compared
with normal control subjects (p < 0.01). The subjects with
biopsy-proven IPF and those with clinical IPF had the
comparable impairment of FVC and DLCO.

Association of SNPs within the /L8 gene with
development of IPF

One promoter SNP (rs4073T>A) and two intronic SNPs
(rs2227307T>G and rs2227306C>T) within the IL8 gene
were genotyped in IPF patients and normal subjects (see
Additional file 2, figure S1). Frequencies and heterozyg-
osities of the SNPs are presented in additional file 3,
table S2. Genotype distributions of the SNPs were in
Hardy-Weinberg equilibrium (p < 0.05). The LDs were
calculated, and haplotypes of IL8 polymorphisms were
constructed (see Additional file 2, figure S1 B and C).
Three major haplotypes with over 5% of MAF were
detected. However, IL8-htl and IL8-ht2 were not ana-
lyzed due to their equivalency with IL8 rs4073 and L8
rs2227306, respectively. IL8 rs4073 and rs2227307 were
significantly associated with a decreased risk of develop-
ing IPF and clinical IPF in the recessive model (OR =
0.46 and OR = 0.48, p = 0.006 and p = 0.007, respec-
tively; Table 2). The minor allele frequencies of

Table 1 Clinical profiles of study subjects

Description Normal IPF Clinical-IPF
controls

N 456 162 75

Age, yr (range) 62 (50-87) 58 (41-83) 66 (47-83)

Sex (male/female) 278/178 112/50 51/24

Current Smoker (%)/Ex- 13.8/14.4 28.4/30.2 24.0/28.0

smoker (%)

FVC % pred. 98.70 £ 16.73 7256 £ 1737 7094 + 17.28

DLCO % pred. ND 66.60 = 1951 60.71 + 22.05

IPF: Idiopathic pulmonary fibrosis

FVC: forced expiratory vital capacity

DLCO: Carbon Monoxide Diffusing Capacity
pred.: prediction

ND: not determined
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Table 2 The association of IL8 SNPs with the risk of idiopathic pulmonary fibrosis (IPF)
rs s Distribution Codominant Dominant Recessive MAF Statistical
power
Case NC OR(95%Cl) P Pcorr OR(95% P Pcorr OR(95% P Pcorr Case NC
cl) cl)
rs4073 T 87 191
(41.63%)  (42.16%)
AT 103 191 0.84(065- 0.17 022 1.000.71 0.99 1 0.46 0.006 0.008 0.337 0368 82.2%
(49.28%)  (42.16%) 1.08) -142) (0.26-
0.80)
A 19(9.09%) 71
(15.67%)
rs2227307 T 94 191
(4234%)  (42.35%)
GT 107 189 083(065- 0.14 019 0970069 087 1 048 0.007 0.009 0336 0367 93.5%
(48.20%)  (41.91%) 1.06) -137) (0.28-
0.82)
G 21(9.46%) 71
(15.74%)
rs2227306 C 103 216
(48.13%)  (47.58%)
@) 95 196 092(0.70- 051 067 0970069 084 1 070037- 026 034 0297 0308 79.9%
(4439%)  (43.17%) 1.19) -1.36) 1.30)
T 16(7.48%) 42(9.25%)
IL8_ht3 -/- 175 398
(91.15%)  (87.86%)
ht3/-  16(8.33%) 55 065(037- 015 019 0610034 010 013 0.047 0061 35.6%
(12.14%) 1.16) -1.10)
ht3/ 1(0.52%)  0(0.00%)
ht3

* Logistic models were used for calculating odd ration and p-values in recessive model controlling for age, sex, and smoking status as covariates.

NC: normal controls
MAF: Minor allele frequency

rs4073T>A and rs2227307T>G were significantly lower
in the subjects with IPF compared with that in normal
controls (33.7% vs. 36.8% and 33.6% and 36.7%, respec-
tively). When the study subjects were stratified by gen-
der, the association of the two SNPs was restricted to
male gender (Table 3).

Association of rs4073T>A within the IL-8 gene with IL-8
protein levels in BAL fluids

The amount of IL-8 protein was measured in BAL
fluids from 24 subjects with IPF and 14 NC. IL-8

concentrations were significantly increased in IPF
patients compared with NC (9.24 + 1.11 pg/mg of pro-
tein vs. 1.71 + 0.27 pg/mg of protein, p = 0.009, Figure
1). A total of 15 subjects with IPF were genotyped, and
the subjects with IPF exhibiting rs4073T>A, a common
allele homozygote, had a higher level of IL-8 protein
(27.01 £ 3.45 pg/mg of protein) than of minor allele
homozygotes (2.35 + 0.46 pg/mg of protein, p = 0.024).
The IL-8 concentration in BAL fluids did not differ
among individuals with the rs2227307T>G genotype
(data, not shown).

Table 3 The association of IL8 SNPs with the risk of idiopathic pulmonary fibrosis (IPF) by gender

Male Female

MAF OR(95%ClI)* pP* MAF OR(95%ClI)* P*
IPF and Clinical IPF (n = 152)  NC (n = 178) IPF and Clinical IPF (n = 70) NC (n = 276)

0340 0.394 0.51 (0.26-0.97) 0.04 0.331 0.351 0.53 (0.18-1.57)  0.25

0336 0.394 0.49 (0.26-0.93) 0.03 0336 0.350 0.57 (0.20-1.64) 030

0.288 0326 0.83 (0.39-1.75) 0.62 0316 0.297 064 (0.19-2.24) 049

0.064 0.071 0.008 0.054

* Logistic models were used for calculating odd ration and p-values in recessive model controlling for age, sex, and smoking status as covariates.

NC: normal controls
MAF: Minor allele frequency
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Figure 1 Levels of IL-8 protein of in BAL fluid collected from
normal controls and subjects with IPF. NC: normal controls, IPF:
Surgical IPF, A: IPF subjects having rs4073 TT alleles, T: IPF subjects
having rs4073 AA alleles. Levels of IL-8 protein were normalized with
BAL protein concentration.

Comparison of promoter activity between TT and AA
alleles of the IL8 promoter rs4073T>A

Given that the rs40737T>A is located in the promoter
region, we investigated the promoter activity of
rs4073T>A using luciferase reporter assay. The lucifer-
ase activity was adjusted by pGL3 basic vector, and the
yield of DNA transfection adjusted using pSV-b-galacto-
sidase (+) vector and ONPG activity. The luciferase
activity of the rs40737T>A TT allele was significantly
higher than that of the rs40737>A AA allele (25.2 + 2.8
vs. 6.8 + 0.7, p = 0.002, Figure 2).

Discussion

Our logistic regression analysis of a case-control study
determined that the IL8 rs4073T>A and rs2227307T>G
SNPs from the promoter region are associated with
development of IPF. The frequencies of the minor allele
of the two SNPs were significantly decreased in IPF sub-
jects compared with normal controls. These are the first
data to indicate that the common alleles may increase
susceptibility to development of IPF. Several reports
have shown a relationship between IL8 gene polymorph-
isms and human lung diseases [22-26]. Two SNPs in the
IL8 genes (rs4073 and rs2227307) were evaluated in
patients with systemic sclerosis with (n = 78) or without
fibrosing alveolitis (n = 50), those with cryptogenic
fibrosing alveolitis (n = 71), and normal healthy subjects
in the UK [16]. These study reported no association of
the SNPs of /L8 with the risk of pulmonary fibrosis. The
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Figure 2 Comparison of luciferase activity between rs407307T
and rs40703AA alleles. The luciferase activity adjusted by pGL3
basic vector and the yield of DNA transfection adjusted using pSV-
b-galactosidase (+) vector and ONPG activity.

discrepancy between ours and the previously reported
results may be due to the small study population in the
previous study[16] or to ethnicity differences between
study cohorts, as the minor allele frequency of
rs4073T>A was 33.7% in our study subjects with IPF,
whereas it was 56% in the UK study. Interestingly, the
rs4073T>A polymorphism has recently been reported to
be a risk factor of other lung diseases, including bron-
chial asthma [23] and bronchiolitis, caused by respira-
tory syncytial virus [22,24]. In addition, Hillian AD and
coworkers reported an association of the rs 4073 T>A
and cystic fibrosis when the analysis was restricted to
male subjects. In the present study, the SNP was also
significantly associated with IPF restricted to male gen-
der[15]. This data suggest that the SNP may have a
genetics effect on IL-8 gene expression in male gender,
but not in female gender. We could not explain the
restriction of the SNP to male gender. The location of
IL-8 is in chromosome 4q13-q21, and the transcription
factor supposed to bind to the SNP: eEF1A1 is in chro-
mosome 6q14.1. Plasma IL-8 levels were reported to be
similar in the subjects with male or female gender fol-
lowing sever trauma [15]. Further study on the associa-
tion restricted to male would be performed.

We did not validate the association between the SNPs of
the IL-8 gene in an independent replication population.
We evaluate the effect of the SNP on IL-8 gene or protein
expression instead. We measured IL-8 protein concentra-
tions in the lung. IL-8 protein was increased in the BAL
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fluids of patients with IPF compared with normal controls.
The IL-8 protein level in BAL fluid was significantly
increased in the subjects with IPF having the common
allele of rs4073T>A compared to those with the minor
allele. This result indicates that the rs4073T>A allele
within the promoter may result in increased IL-8 produc-
tion when compared with the minor allele.

The promoter activity was examined using a luciferase
reporter vector, and the promoter activity of the
rs4073T>A TT allele was significantly stronger than that
of the rs4073T>A AA allele. This is in accordance with a
previous study, which reported that the rs40737>A TT
allele exhibited 2- to 5-fold stronger transcriptional activ-
ity than did the rs40737>A AA counterpart [27]. Given
that high IL-8 concentrations in BAL fluid were asso-
ciated with the common allele of rs4073 T>A in the pre-
sent study, our luciferase data confirm that the rs4073 T
allele on the promoter may enhance the IL-8 transcrip-
tion compared with the rs4073 A allele. Putative tran-
scription factor binding sites in the promoter of the IL8
gene were searched using the TFSEARCH and TESS
websites. The candidate binding protein for the transcrip-
tion of IL8 at rs4073 was eEF1A1 (see Additional file 4,
figure S2). The eEF1A family consists of two members,
eEF1A1 and eEF1A2 [28]. Thus, eEF1A1 may regulate
the activation and production of IL-8 as a transcription
enhancer or inducer; this is a topic for future research.

In summary, we evaluated the genetic effect of IL-8
gene polymorphisms on the risk of IPF using a relatively
large size population of subjects with IPF and normal
controls. Logistic regression analysis demonstrated that
the minor allele frequencies of rs4073T>A was signifi-
cantly lower in the subjects with IPF compared with
that in normal controls. The subjects with IPF homozy-
gous for the rs40737>A common allele exhibited signifi-
cantly higher IL-8 protein concentrations in BAL fluids
and enhanced luciferase activities compared with those
homozygous for the rare allele. This study shows that
the IL8 rs4073 T allele is significantly associated with an
increased risk of IPF in the Korean population and this
effect may result from the up-regulation of IL-8 protein
synthesis in the lung. Our results may provide the clue
of the genetic contribution to the pathogenesis of IPF.

Additional material

Additional file 1: The fluorescence labeled allelic probe for
amplification of IL8, IL8RA and IL8RB genes. The data provided
represent the probe for amplification of IL8, ILBRA and IL8RB genes.

Additional file 2: SNPs on the map of the IL8 gene, linkage
disequilibrium, and haplotypes of IL8 genes. The figure provided
represent the map of the IL8 gene, linkage disequilibrium, and
haplotypes of IL8 genes.
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Additional file 3: The Minor allele frequency (MAF), Heterozygosity,
Hardy-Weinberg equilibrium (HWE) of IL8 gene polymorphisms. The
data provided represent the MAF, HWE of IL8 gene polymorphisms.

Additional file 4: The candidate binding protein for the
transcription of IL8 at rs4073. The figure provided represent the
putative transcription factor binding sites in the promoter of the IL8
gene.
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