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Inflammation appears to be important in lung carcinogenesis
among smokers, but its role among never-smokers is not well es-
tablished. We hypothesized that inflammatory medical conditions
and gene polymorphisms interact to increase lung cancer risk in
never-smokers. We interviewed 433 Singaporean female never-
smoker lung cancer patients and 1375 hospital controls, and
evaluated six polymorphisms in the interleukin 1-3, interleukin
6 (IL6), cyclooxygenase-2, peroxisome proliferator-activated
receptor-y and interleukin 1-3 receptor antagonist (IL1RN)
genes. Tuberculosis was associated with a non-significant elevated
risk of lung cancer [odds ratio (OR) 1.58, 95% confidence interval
(CI) 0.95-2.62]. There was no effect of asthma, atopy or chronic
productive cough individually. However, the presence of one or
more of these conditions (asthma, cough or atopy) increased risk
(OR 2.24, 95%CI 1.15-4.38) in individuals possessing the T/T
genotype at interleukin 1-3 -31T/C, but not in those possessing
the C/T (OR 0.87, 95%CI 0.51-1.57) or C/C genotypes (OR 0.58,
95% CI 0.27-1.27), and in individuals having the *2 variable num-
ber of tandem repeat allele of IL1RN [OR 5.09 (1.39-18.67)], but
not in those without (OR 0.93, 95% CI 0.63-1.35). The 1L.6-634 G
allele increased the risk of lung cancer (OR 1.44, 95%CI
1.07-1.94). Lung cancer risk also increased with the number of
polymorphism sites where at least 1 ‘risk’ allele was present [in-
terleukin 1-3 -31T/C (T allele), IL1RN (*2 allele) and IL6-634C/G
(G allele)] among those with asthma, cough or atopy (Py.eng 0.001)
but not in those without (Py,¢,q 0.47). Our results suggest that the
effect of inflammatory medical conditions on lung cancer in never-
smokers is modulated by host genetic susceptibility and will need
to be confirmed in other studies conducted in similar populations.

Introduction

Tobacco use has been identified as the major risk factor for lung cancer,
and over the past several decades, lung cancer incidence and mortality
rates have paralleled tobacco use (1,2). However, there is substantial
variation in the incidence of lung cancer that cannot be accounted for
by tobacco use alone. In particular, the incidence of lung cancer in
Chinese women in various populations around the world is much
higher than expected given their relatively low smoking prevalence

Abbreviations: CI, confidence interval; IL6, interleukin 6; IL1-f, interleukin
1-B; ILIRN, IL1-P receptor antagonist; OR, odds ratio; PCR, polymerase chain
reaction; SNP, single nucleotide polymorphism; VNTR, variable number of
tandem repeat.

(3). Recent evidence suggests that lung cancer in never-smokers may be
a different clinical entity from smoking-related lung cancer: its median
age of onset is about a decade earlier than that of smoking-related lung
cancer and it appears to have a better prognosis (4), incidence rates
may be higher in women than men (5), and the cancer histology is
more probably to be adenocarcinoma than other types (6). Mutations
in the epithelial growth factor receptor are also more common in lung
cancer in never-smokers than in smoking-related cancer (7).

Other risk factors such as environmental tobacco exposure (8), in-
door air pollution from coal-burning heaters (9) or stoves (10), house-
hold radon exposure (11) and diet (12) have all been reported to
contribute to lung cancer development in never-smokers, but the
major etiologic pathways for this disease remain poorly understood.
Recent research has focused on identifying a unifying hypothesis that
could account for the risks seen in these disparate exposures, and the
role of inflammation has been proposed as a possible candidate.

Inflammation is implicated in the pathogenesis of other cancers
such as hepatocellular carcinoma (13), and disruptions in inflamma-
tory signaling due to chronic inflammation of altered immune re-
sponse may be a common pathway in carcinogenesis (14). One of
the etiologic mechanisms by which tobacco use confers risk in lung
cancer may be through its effects on the immune response in the
lung and the resultant excess of proinflammatory molecules in the
lung tissue milieu (15). Previous studies implicate a past history of
chronic inflammatory lung disease such as tuberculosis (16,17),
chronic bronchitis and emphysema (18), pulmonary fibrosis (19)
and chronic rhinosinusitis (20), as risk factors for increased lung can-
cer risk in never-smokers. Asthma, allergic rhinitis and atopic derma-
titis/eczema are related conditions that appear to be manifestations of
an underlying systemic atopic disorder characterized by acute and
chronic inflammation in target organs (lower respiratory tract, upper
respiratory tract and skin, respectively). Although asthma has been
reported previously to be associated with an increase in lung cancer
risk (21-23), the effect of atopy is uncertain, with reports of null or
protective effects (24-26). Other studies have identified genetic poly-
morphisms in key molecules in the inflammatory pathway, such as the
interleukins [in particular interleukin 1-f (27-32) and interleukin 6
(IL6)] (33,34), the interleukin receptor antagonist (interleukin 1-
receptor antagonist (ILIRN)] (35,36), cyclooxygenase 2 (37,38) and
peroxisome proliferator-activated receptor-y (39) as risk factors.

It is probably that the role of inflammation in lung cancer is medi-
ated through interplay between host susceptibility (as reflected through
polymorphisms in key inflammatory genes) and environmental expo-
sures that either cause inflammatory insult to the lung or confer pro-
tection in the lung from these insults. Therefore, a rational approach to
identifying and quantifying lung cancer risks should consider both
gene and environment factors in tandem. Such analyses may offer
insights into the major biological pathways that drive carcinogenesis
in lung cancer tissue. By identifying population groups at high risk of
lung cancer, these findings may also have public health implications.

We hypothesize that previous inflammatory medical conditions
(chronic lung disease, chronic cough and atopy) increase lung cancer
risk in never-smokers and predict that these risks would be modulated
by polymorphisms in inflammatory genes that have previously been
identified as risk factors, in line with the concept of interplay between
host genetic and acquired environmental factors.

Lung cancer is the second most common cancer in Singapore and
the leading cause of cancer death (40). The incidence rate of lung
cancer among Singaporean Chinese women is unexpectedly high
(1,40) for the historically low rates of smoking in this group
(41), and a significant proportion of lung cancers occur amongst
never-smokers. We examined the association of six inflammatory
gene polymorphisms and self-reported history of previous medical
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conditions with lung cancer in a hospital-based case—control study of
Chinese women.

Materials and methods

Participants were recruited in two hospital-based case—control studies in 1996—
1998 (42) and 2005-2008 (43) from the five major public sector hospitals in
Singapore. Both studies used similar study designs and questionnaires. Eligible
cases were Chinese females with incident primary carcinoma of the lung (all
histological types) identified within 3 months of diagnosis. Seven hundred and
eighty-seven eligible lung cancer patients were identified in the five hospitals,
of whom 702 (89.2%) agreed to participate. The response rate for cases was
95.0% in the first study and 84.6% in the second. Histological or cytological
reports were reviewed and confirmed the diagnosis of primary lung carcinoma
in 673 cases; 29 cases were confirmed on the basis of radiological investiga-
tions, in which metastatic cancer to the lung from other sites was deemed to be
unlikely on clinical grounds.

Controls were selected from Chinese female patients admitted to the same
hospitals and frequency matched for age (within 10 years) and date of admis-
sion. Patients admitted for a diagnosis and treatment of cancer or chronic
respiratory disease were excluded, and <10% of controls were recruited within
a single diagnostic category.

The response rate among controls was 91% (96.9% in the first study and
85.4% in the second), and data from a total of 1578 controls were available for
analysis. Control patients were admitted for a wide range of conditions: 27%
had diseases of skin, bones, joints and connective tissue, 11% were admitted
for gastrointestinal or hepatobiliary system complaints, 14% were admitted for
acute trauma, 8% were admitted for neurological or psychiatric conditions and
12% had diseases of the cardiovascular system.

Both cases and controls gave written, informed consent for the interview and
the tracing of their medical records. Where consent was given, blood samples
were also obtained. The study was approved by the Institutional Review Board
of the National University of Singapore and participating healthcare institu-
tions. In total, 702 cases and 1578 controls were recruited in the two studies, of
which 433 cases (61.7%) and 1375 controls (87.1%) were never-smokers, de-
fined as individuals who had not smoked at least one cigarette a day for a year.
Of these, 298 cases and 718 controls provided blood samples.

A structured questionnaire was administered in-person by trained inter-
viewers. Interviewers were not blinded to case or control status, but possible
observer bias was monitored by recording and reviewing at random a sample of
interviews conducted. The structured questionnaire elicited information of
participants” demographic characteristics, occupational history, smoking his-
tory, family history of cancer, personal medical history (self-reported history of
tuberculosis, chronic productive cough, asthma, allergic rhinitis and atopic
eczema), diet (including intake of fruit and vegetable), childhood living con-
ditions, reproductive history, exogenous hormone use and use of other medi-
cations and indoor environmental exposures such as passive tobacco exposure
and exposure to kitchen fumes and inhalants such as incense and mosquito coils.

For cases and controls who provided blood samples, genomic DNA was
extracted from the buffy coat of 5 ml of whole blood samples using the
FlexiGene DNA kit (QIAGEN, Germantown, Maryland), in accordance with
the manufacturer’s protocol. Six polymorphisms in five inflammatory genes
[—31 C/T (rs 1143627) and —511 C/T (rs16944) in the interleukin 1-f gene,
—634 C/G (rs1800796) in the IL6 gene, 8473 C/T (rs5275) in the cyclooxy-
genase 2 gene, Pro'?Ala in exon 2 (rs1801282) of the peroxisome proliferator-
activated receptor-y gene and the 86 base pair variable number of tandem
repeats (VNTR) polymorphism in intron 2 of the IL1RNgene] were genotyped.
The selection of sequence polymorphisms for genotyping was based on (i) their
location in the promoter, untranslated region, or exons of the gene, or published
evidence showing possible effects of the polymorphism on the level and ac-
tivity of the gene products; (ii) a minor allele frequency > 5% in the Chinese
population from the NCBI database and (iii) associations with lung cancer
reported previously by other researchers.

All single nucleotide polymorphisms (SNPs) were genotyped using a high-
throughput genotyping platform base on a 5’ nuclease allelic discrimination
assay in a 96-well format on the ABI StepPlusOne real-time polymerase chain
reaction (PCR) system (Applied Biosystems, Carlsbad, California). The Taq-
man universal PCR master mix and predesigned SNP-genotyping assay mix
containing PCR primers and probes were purchased from ABI. To ensure the
accuracy of genotyping results, three positive controls and two negative con-
trols were included in each 96-well plate, and 10% of DNA samples were
genotyped in duplicate for each polymorphism. The concordance rate for the
duplicate analyses was 100%. Call rates for the five SNPs studied ranged from
99.8 to 100%.

The intron 2 VNTR in the ILIRN gene was determined as described pre-
viously (35): primers (5'-CCCCTCAGCAACACTCC-3" and 5'-GGTCA-
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GAAGGGCAGAGA-3") flanking the 86 bp tandem repeat region were used
to amplify a DNA fragment containing the polymorphic region. PCR conditions
comprised an initial denaturing step at 95°C for 5 min, followed by 35 cycles of
95°C for 30 s, 56°C for 40 s and 72°C for 45 s, with a final extension at 72°C for
10 min. The PCR products were then analyzed on 2% agarose gel electropho-
resis along with a 100bp DNA marker. The wild-type allele designated allele I
(ILIRN*1) (44) contains four 86 bp repeats and generated a 410 bp PCR
product. The minor alleles were designated allele II to allele V (43) and corre-
sponded to 240 bp (two repeats), 325 bp (three repeats), S00 bp (five repeats)
and 959 bp (six repeats) PCR products. 10% of DNA samples were also gen-
otyped in duplicate to ensure genotyping accuracy, and the concordance rate for
the duplicates was 100%. The call rate was 99.7% for this analysis. All SNPs
studied were in Hardy—Weinberg equilibrium in the control population.

Based on biologic considerations, as well as results from reverse stepwise
analyses, we decided on a set of 11 variables for adjustment: age at diagnosis,
country of origin, dialect group, housing type, number of years in school,
environmental tobacco exposure at home, environmental tobacco exposure at
work, history of cancer in a first degree relative, mean intake of fruit and of
vegetable (in servings/week) as well as a study set variable to indicate which
case—control study the participant belonged to.

Odds ratios (ORs) and their 95% confidence intervals (Cls) were calculated
using unconditional logistic regression. We used STATA statistical software,
version SE 10.1 (StataCorp LP, College Station, TX) for data analyses. All
P values were calculated using two-tailed statistical tests, and the criterion for
significance was set at P< 0.05. We adjusted for multiple testing using the
method proposed by Benjamini et al.(45) to control the false discovery rate in
our analyses of gene—environment interaction.

Results

Table I gives a summary of relevant characteristics of the lung cases
and their controls in this study. The dialect group, birthplace, educa-
tion level (in years of school) and current housing type of the partic-
ipant, as well as a history of cancer in a first-degree relative, and her
intake of fruit and vegetable were all significantly different between
cases and controls in bivariate analyses. Two-thirds (63%, 271 cases)
of cancers were adenocarcinomas.

Table II summarizes the effect of past history of lung disease or
atopy on risk of lung cancer. Tuberculosis (OR 1.58, 95% CI 0.95—
2.62) appeared to be associated with an increased risk of lung cancer
although this was not statistically significant. Asthma (OR 1.01, 95%
CI 0.66-1.56), chronic cough (OR 1.73, 95% CI 0.65-4.60) and al-
lergic rhinitis/atopic eczema (OR 0.93, 95% CI 0.69-1.26) were not
associated with an increased risk of lung cancer in our study popula-
tion. The composite measure of chronic cough, asthma or allergic
rhinitis/atopic eczema was also not associated with an increased risk
of lung cancer (OR 0.97, 95%CI 0.74-1.27).

When stratified by —31T/C polymorphism genotype in IL-1, a his-
tory of chronic cough, asthma or atopy increased risk only among
participants with the T/T genotype (OR 2.24, 95% CI 1.15-4.38) but
not in participants with the T/C or C/C genotype (Table III). The P for
interaction, after adjustment for multiple testing, was 0.051. Because
the polymorphism at the —511 position was in tight linkage disequi-
librium with this polymorphism (R?>=0.97), similar results (data not
shown) were obtained for the SNP at the —511 position and a history
of asthma, atopy or chronic cough.

When stratified by genotype at the VNTR polymorphism in the
IL1RN gene, a history of chronic cough, asthma or atopy increased
the risk of lung cancer only in participants with the *2 allele (OR 5.09,
95% CI1 1.39-18.67), but not in those with the *1 allele. The P value for
interaction, after adjustment for multiple testing, was 0.058. Compared
with having the *1/*1 genotype of the ILIRN gene and no history of
chronic cough, asthma or atopy, the presence of at least 1 *2 allele and
a positive history of chronic cough, asthma or atopy, but not either
factor alone, was associated with an increased risk of lung cancer (OR
2.96, 95% CI 1.23-7.12). There was no modification of the effect of
chronic cough, asthma or atopy by the other three genotypes studied.

Of the six sequence variations studied, the —634 C/G polymorphism
in IL6 exhibited a main effect (Table IV). Using a codominant model,
compared with the C/C genotype, the C/G genotype was associated
with an increased risk of lung cancer (OR 1.51, 95% CI 1.11-2.05).

523

£T0Z ‘6T Afenuge4 uo 1enb Aq /B1o'seulnolployxo-uiosed;/:.dny wolj pspeojumoq


http://carcin.oxfordjournals.org/

W.-Y.Lim et al.

Table I. Sociodemographic characteristics of lung cancer cases and controls among Singaporean Chinese women never-smokers

Cases [n, (%)] Controls [n, (%)] P value®
N = 433 N = 1375
Age in years® (mean, SD) 63.0+12.5 63.6 +12.2 0.42
Dialect group® 0.008
Hokkien 151 (35.2) 577 (42.8)
Teochew 109 (25.4) 265 (19.7)
Cantonese 85 (19.8) 252 (18.7)
Hainanese 38 (8.9) 80 (5.9)
Hakka 31(7.2) 125 (9.3)
Other 15 (3.5) 49 (3.6)
Birthplace 0.012
Singapore 274 (63.3) 900 (65.5)
Malaysia 57 (13.2) 239 (17.4)
China 85 (19.6) 198 (14.4)
Other 17 (3.9) 38 (2.8)
Education(year) 0.041
Nil 169 (39.0) 561 (40.8)
<6 years 119 (27.5) 435 (31.6)
7 years or more 145 (33.5) 379 (27.6)
Dwelling® 0.001
1-3 room flat 145 (33.7) 517 (37.8)
4 room or larger flat 202 (47.0) 682 (49.8)
Private apartment or house 83 (19.3) 170 (12.4)
Marital status 0.809
Ever married 403 (93.1) 1275 (92.7)
Never married 30 (6.9) 100 (7.3)
Occupational status® 0.406
Currently employed outside home 128 (29.6) 374 (27.2)
Ever employed outside home 202 (46.7) 691 (50.3)
Never employed outside home 103 (23.8) 308 (22.4)
Environmental tobacco smoke exposure at home® 0.297
< Daily 226 (53.1) 764 (55.9)
Daily, <20 years 39 (9.2) 117 (8.6)
Daily, 20 or more years 161 (37.8) 485 (35.5)
Environmental tobacco smoke exposure at work® 0.061
No exposure/never worked outside the home 320 (74.8) 1084 (79.1)
Exposed to smoking coworkers 108 (25.2) 287 (20.9)
Family history of cancer? <0.001
No 309 (71.4) 1112 (80.9)
Yes, other sites 88 (20.3) 208 (15.1)
Yes, lung cancer 36 (8.3) 55 (4.0)
Intake of fruit, (mean, SD) (servings/week) 7.5+7.1 9.3 +8.5 <0.001
Intake of vegetable, (mean, SD) (servings/week) 223+194 259 +21.3 0.002
Histologic type
Adenocarcinomas® 271 (62.6)
Squamous cell carcinomas’ 25 (5.8)
Small cell carcinomas® 5(1.2)
Other histology” 115 (26.6)
No histology/cytology 17 (3.9)

“Refers to age at diagnosis (cases) and age at interview (controls)

PPearson chi-square test for categorical variables and one way anova for continuous variables
“Numbers do not add up to N=433 for cases and N= 1375 for controls because of missing responses to some of these variables: 31 missing for dialect group, 9 missing for
dwelling type, 2 missing for occupational status, 16 missing for environmental tobacco exposure at home, and 9 missing for environmental tobacco exposure at work

IFirst-degree relative

“Histology codes (ICD-0O-3) 8140/3—adenocarcinoma NOS, 8260/3—papillary adenocarcinoma, NOS, 8480/3—mucinous adenocarcinomas

instology code (ICD-0-3) 8070/3 squamous cell carcinoma, NOS
#Histology code (ICD O-3) 8041/3 small cell carcinoma, NOS

"Other histology codes, the most common being-(ICD-0O-3) 8012/3 large cell carcinoma, NOS, 8046/3 non-small cell carcinoma, NOS, 8250/3 bronchioalveolar

carcinoma

The G/G genotype was not associated with an increased risk (OR 1.00,
95% CI 0.49-2.05) although there were relatively small numbers in
this group. Using a dominant model, the presence of the G allele
was associated with an increased risk of lung cancer (OR 1.44, 95%
CI 1.07-1.94) compared with having no G allele. This effect was
not modulated by a history of tuberculosis, asthma, chronic cough or
atopy.

Table V shows the additive effects of possessing one or more ‘risk’
alleles at the three gene polymorphism sites for which an association
with lung cancer was found in our study (the T allele at IL-13-31T/C
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SNP site, the G allele at IL6-634C/G CNP site and *2 allele at ILIRN
86bp VNTR site). Compared with those without any alleles at these
three sites, those persons having risk alleles at one site had an OR of
1.20, those with alleles at two sites, an OR of 1.57, and those with
alleles at all three sites, an OR of 1.89. Although none of the individ-
ual ORs were statistically significant, the P value for trend was 0.026.
The additive effect was seen only in those with a positive history of
chronic cough, asthma or atopy (ORs 2.87, 6.76 for those with risk
alleles at one and two or three sites, respectively, P for trend 0.001)
but not in those without (ORs 0.98, 1.14 for those with risk alleles at
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Table II. Effect of past medical history of lung disease or atopy on risk of lung cancer in Singaporean Chinese women never-smokers

Past medical history Cases (n = 433) Controls (n = 1375) OR*® (95% CI) P value

Tuberculosis Yes 27 (6.2) 53 (3.8) 1.58 (0.95-2.62) 0.080
No 406 (93.8) 1322 (96.2) 1.0

Chronic productive coughb Yes 7 (1.6) 12 (0.9) 1.73 (0.65-4.60) 0.27
No 425 (98.4) 1361 (99.1) 1.0

Asthma Yes 34 (7.8) 97 (7.1) 1.01 (0.66-1.56) 0.96
No 399 (92.2) 1278 (92.9) 1.0

Allergic rhinitis/atopic eczema Yes 79 (18.2) 244 (17.8) 0.93 (0.69-1.26) 0.64
No 354 (81.8) 1131 (82.2) 1.0

Asthma or allergic rhinitis/atopic eczema Yes 101 (23.3) 311 (22.6) 0.93 (0.70-1.22) 0.59
No 332 (76.7) 1064 (77.4) 1.0

Chronic productive cough, asthma or allergic rhini- Yes 106 (24.5) 315 (22.9) 0.97 (0.74-1.27) 0.84

tis/atopic eczema No 327 (75.5) 1060 (77.1) 1.0

#Adjusted for age, history of cancer in first degree relative, fruit and vegetable consumption, country of origin, dialect group, housing type, number of years in
school, environmental tobacco exposure at home, environmental tobacco exposure at work and study set

Three (one case and two controls) participants did not respond to this question

Table ITI. ORs and 95% Cls for the interaction between IL1f and ILIRN genotypes and a history of chronic cough/asthma/allergic eczema/atopic rhinitis on risk

of lung cancer in Singaporean Chinese women never-smokers

Polymorphism History of chronic cough, asthma  Cases Controls OR* P values  Stratified analyses, P values
or atopic eczema/allergic rhinitis (n = 298) (n =1718) (95% CI) by genotype OR? (95% CI)
IL1B-31T/C
C/IC No 49 (164) 119 (16.6) 1.0 1.0
Yes 16 (5.4) 43 (6.0) 0.60 (0.29-1.23)  0.16 0.58 (0.27-1.27) 0.17
T/C No 121 (40.6) 292 (40.8)  0.90 (0.59-1.38)  0.64 1.0
Yes 31 (10.4) 66 (9.2) 0.80 (0.44-1.43) 044 0.87 (0.51-1.49) 0.62
T/T No 51(17.1) 158 (22.1)  0.62 (0.38-1.01)  0.053 1.0
Yes 30 (10.1) 38 (5.3) 1.44 (0.76-2.72)  0.26 2.24 (1.15-4.38) 0.018
LR test for interaction P value® = 0.051 (unadjusted P = 0.011)
ILIRN
1771 No 187 (63.6) 486 (68.5) 1.0 1.0
Yes 64 (21.8)  135(19.0)  0.93 (0.64-1.36)  0.70 0.93 (0.63-1.35) 0.70
*1/*2 or *2/*2  No 31 (10.5) 78 (11.0)  1.00 (0.62-1.62)  0.98 1.0
Yes 12 (4.1) 11 (1.6) 2.96 (1.23-7.12)  0.015 5.09 (1.39-18.67) 0.014

LR test for interaction P value® = 0.058 (unadjusted P = 0.029)

#Adjusted for age, history of cancer in first-degree relative, fruit and vegetable consumption, country of origin, dialect group, housing type, number of years in
school, environmental tobacco exposure at home, environmental tobacco exposure at work and study set
PLikelihood Ratio test for interaction P value adjusted for multiple testing using the method of Benjamini et al.(45)

one and two or three sites, respectively, P for trend 0.47), and this
interaction was significant at P=0.035.

Supplementary Table 1, available on Carcinogenesis Online shows
the likelihood ratio test P values for the interaction between the five
SNPs with, separately, a history of tuberculosis, history of chronic
cough, history of asthma and history of atopic eczema/allergic rhini-
tis. As IL1B511C/T and IL1B31T/C are in strong linkage disequilib-
rium, only the results for ILIB31T/C are shown. The P values for
interaction for history of asthma with IL1B31T/C and IL1RN and for
history of allergic rhinitis/atopic eczema with IL1RN are significant.

Supplementary Table 2, available on Carcinogenesis Online shows
the results for the joint effect of the composite variable of chronic
cough, asthma and allergic rhinitis/atopic eczema and the remaining
three SNPs (IL6-634C/G, peroxisome proliferator-activated receptor
Pro'?Ala and cyclooxygenase 2 8973T/C). No statistical interactions
were observed for the composite variable of chronic cough, asthma
and allergic rhinitis/atopic eczema.

Supplementary Table 3, available on Carcinogenesis Online shows
the ORs and 95% Cls for the joint effect of the two SNPs of interest
(i.e. IL1B31T/C and IL1RN) with, separately, a history of chronic
cough, asthma and allergic rhinitis/atopic eczema. The joint effects
for each of these three variables are similar for both polymorphisms,
and support our use of a composite variable comprising these three
variables of chronic cough, asthma and allergic rhinitis/atopic eczema.

Discussion

Our results suggest that among inflammatory conditions of the lung,
a history of tuberculosis (but not asthma, allergic rhinitis and atopic
eczema and chronic cough, individually or in combination) may be
associated with an increased risk of lung cancer although the ORs
did not reach statistical significance. A positive association of chronic
cough, asthma or atopy with lung cancer risk was evident in the
presence of the T/T genotype in the IL1B and the *2 allele in the
IL1RN genes. We also demonstrated an independent effect of IL6-
634 C to G polymorphism in conferring risk. We found increasing
ORs for lung cancer with increasing number of polymorphism sites
where there was at least one ‘risk’ allele in those with a history of
chronic cough, asthma and atopy but not in those without such a his-
tory. Taken collectively, these data support the hypothesis that inflam-
mation plays a role in lung carcinogenesis among never-smokers.

In our study, the number of cases with a history of tuberculosis was
relatively small, and the study was inadequately powered to detect
a true association of this magnitude. Our finding of an increased,
although non-significant, risk is consistent with other studies that have
also reported increased risks associated with tuberculosis (46-48).
Asthma was associated with a 1.8-fold increased risk of lung cancer
in a meta-analysis of five case—control studies that studied the asso-
ciation in never-smokers (23), and other cohort studies support this
finding (21,22). On the other hand, studies of the relationship of
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Table IV. Effect of polymorphisms in six inflammatory pathway genes on the risk of lung cancer in Singaporean Chinese women never-smokers

Inflammatory gene Genotype Cases (n = 298) Controls (n = 718) OR* (95% CI) P value OR (95% CI)b
IL1B —31T/C (rs 1143627)°

T/T 81 (27.2) 196 (27.4) 1.0

C/T 152 (51.0) 358 (50.0) 1.14 (0.80-1.61) 0.47

C/C 65 (21.8) 162 (22.6) 1.13 (0.74-1.71) 0.57

—511 C/T (rs16944)°

C/C 83 (27.9) 200 (27.9) 1.0

C/T 155 (52.0) 359 (50.1) 1.14 (0.81-1.60) 0.46

T/T 61 (20.1) 157 (21.9) 1.07 (0.70-1.63) 0.75
1L6 —634 C/G (rs1800796)

C/C 163 (54.7) 449 (62.5) 1.0 1.0

C/G 123 (41.3) 231 (32.2) 1.51 (1.11-2.05) 0.008 1.44 (1.07-1.94)

G/G 12 (4.0) 38 (5.3) 1.00 (0.49-2.05) 0.99 P value = 0.015
PPAR-y Pro'?Ala (rs1801282)

C/C 274 (92.0) 653 (91.0) 1.0

C/G 23 (7.7) 64 (8.9) 1.04 (0.62-1.76) 0.87

G/G 1(0.3) 1(0.1)
COX-2 —8973 T/C (rs5275)°

T/T 182 (61.3) 462 (64.4) 1.0

T/C 100 (33.7) 228 (31.8) 1.20 (0.88-1.64) 0.25

C/C 15 (5.0) 28 (3.9) 1.32 (0.66-2.64) 0.44
ILIRN 86 bp VNTR in intron 2°¢

141 251(85.4) 621 (87.5) 1.0

172 40 (13.6) 89 (12.5) 1.26 (0.83-1.92) 0.28

*2/%2 3 (1.0) 0 (0)

IL1B -31 T/C and IL1B-511C/T are in linkage disequilibrium, R> = 0.97. COX-2, cyclooxygenase; PPAR- v, peroxisome proliferator-activated receptor.
“Adjusted for age, history of cancer in first-degree relative, fruit and vegetable consumption, country of origin, dialect group, housing type, number of years in
school, environmental tobacco exposure at home, environmental tobacco exposure at work and study set

" Adjusted ORs, comparing participants with a genotype of C/G or G/G at IL6 —634C/G versus those with a C/C genotype

“Excludes samples with no-calls—two samples for IL1 —31 T/C (rs 1143627) and —511 C/T (rs16944), one sample for COX2 —8973 T/C (rs5275) and three

samples for 86bp VNTR in intron 2 in ILIRN

IFurther excludes seven participants with *1/°4 and two participants with *1/*5 genotypes

Table V. Additive effect of ‘risk” alleles at three gene polymorphism sites [IL1B-31TC (T allele), ILIRN 86 bp VNTR (*2 allele), and IL6-634CG (G allele)] on

lung cancer risk

Number of All
sites with at

No history of chronic cough, asthma or
allergic rhinitis/atopic eczema

History of chronic cough, asthma or
allergic rhinitis/atopic eczema

least 1 allele™®

Cases/controls N=298/718 ORs (95% CI)° P value Cases/controls ORs (95% CI) P value Cases/controls ORs (95% CI) P value

0 25/91 1.0 21/68

1 143/362 1.20 (0.71-2.01) 0.50 105/279
2 117/240 1.57 (0.93-2.67) 0.093  86/201
3 11/22 1.89 (0.75-4.75) 0.18 8/20

P for trend 0.026
P value for interaction 0.035

1.0 4/23 1.0

0.98 (0.55-1.75) 0.99 38/83 2.87 (0.71-11.53) 0.14

1.14 (0.64-2.05) 0.66 31/39 6.76 (1.68-27.13) 0.007
32

P for trend 0.47 P for trend 0.001

“Excludes five samples with no-calls in at least one of the three polymorphism sites
Counts were made for each individual based on the number of polymorphism sites in which there was at least one ‘risk’ allele: [IL1B-31TC (T allele), ILIRN 86bp

VNTR (*2 allele) and IL6-634CG (G allele)]

“Adjusted for age, history of cancer in first-degree relative, fruit and vegetable consumption, country of origin, dialect group, housing type, number of years in
school, environmental tobacco exposure at home, environmental tobacco exposure at work and study

systemic atopic conditions such as food allergies, allergic rhinitis or
atopic eczema with lung cancer have mainly reported null or negative
associations (24-26). Some authors (20) have proposed that local lung
effects such as mucosal inflammation are the reason for the increased
risk seen in asthma, rather than the shift of T lymphocyte response to
a Th2-dominated activity in the hyperreactive state of the immune
system, which is found also in systemic atopic conditions. If so, mild
and infrequent asthmatic attacks and the use of local medications such
as inhaled corticosteroids may mitigate the risk association and may
explain our null findings. Chronic cough has been identified as an
independent risk factor for lung cancer (49,50), especially among
smokers. In our population of never-smokers, chronic productive
cough are probably due to either undiagnosed asthma or to chronic
obstructive pulmonary disease. Asthma is a known risk factor for
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chronic obstructive pulmonary disease in non-smokers (51), and ec-
zema, allergic rhinitis and asthma are known to occur in the same
patient in sequence, an effect known as the atopic march (52). We
believe, therefore, that the cluster of symptoms or diagnoses of
chronic cough, asthma, allergic rhinitis and atopic eczema are related
and point to persons with an underlying atopic phenotype and a pre-
disposition to chronic inflammation in the lungs.

We observed a main effect with the IL6-634 polymorphism in our
study population. There is biological plausibility for the role of the
1L6-634 G allele in increasing lung cancer risk. The —634 SNP is in
the promoter region of the IL6 gene, and in vitro studies have in-
dicated that the G allele is associated with an increased production
and secretion of IL-6 by peripheral blood mononuclear cells (53).
Our group had previously reported (33), using data from the first
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case—control study conducted between 1996-1998, that although
a history of asthma or atopy and the G allele of 1L6-634 did not
increase risk of lung cancer on their own, the combined effect of
the G allele and a history of asthma or atopy resulted in an OR of
3.1 (95% CIs 1.2-8.3) compared with the group with the C/C geno-
type and no history of asthma. We did not find any other studies
investigating the 1L.6-634 SNP with lung cancer. Other groups have
primarily investigated another SNP in the IL6 gene-IL6-174G/C
(rs1800795), and most of these studies have reported null findings
with this SNP (29-31,54).

Our study implicates the C allele in IL1B511C/T and the T allele in
IL1B 31T/C and the *2 allele of ILIRN as alleles that confer risk to
lung cancer in the presence of a background of atopy (allergic rhinitis
or atopic eczema), chronic cough or asthma. The —31T/C polymor-
phism is a TATA-box polymorphism; the C allele disrupts this box and
reduces binding and induction; hence suggesting that the T allele may
be proinflammatory (55). Zienolddiny et al. (27) previously reported
an increased risk of lung cancer with the T allele at IL1B31T/C, and
Wu et al. (56) also reported that the T allele was associated with
increased risk in a Chinese population, although other groups have
reported null effects (29,31), and results from one other study impli-
cated, in contrast, the C allele of —31T/C as the risk allele (32). These
studies were conducted in study populations of smokers or mixed
populations with high proportions of smokers (ranging from 84 to
96%). The inconsistencies in results could have been due to the dif-
ferent ethnic populations that were studied, as well as to the different
distribution of relevant host factors such as exposure to environmental
pollutants and pre-existing health conditions such as asthma. Results
for C3954T (rs1143634), the other SNP in the IL1[ gene that has been
commonly studied, have been similarly inconsistent, with reports both
of an increased risk associated with the T allele (31,57) and null
effects (58).

The 86bp VNTR polymorphism of the ILIRN gene contains po-
tential regulatory protein-binding sites (43), and probably has func-
tional significance in the regulation of ILI-Ra production. In
opposition to our findings, Hu er al. (35) reported reduced risks
of lung cancer with the *2 allele in ethnic Chinese, but the
study population in that report was predominantly (70%) male and
smokers (60% of cases and 48% of controls), with relatively fewer
adenocarcinomas among the lung cancer cases (38% of cancers).
Further epidemiologic studies to delineate the main effect and
possible interactions of IL1RN alleles are needed, as are functional
studies to clearly describe the effect of the *2 allele in biological
systems.

Our analysis of the summed effect of alleles at these three poly-
morphism sites suggests that there is an additive effect in lung cancer
risk with increasing number of polymorphism sites where there was at
least one allele present among those with a history of chronic cough,
asthma and atopy, but not among those without. Although this anal-
ysis was based on relatively small numbers of cases and controls with
chronic cough, asthma and atopy, this finding, if replicated, would
suggest that the effects of inflammatory gene polymorphisms are
important only in the presence of relevant host factors such as pre-
vious medical history.

The gene—environment interactions observed in our study suggest
that failure to take into account environmental and personal risk fac-
tors may explain the inconsistency of results obtained thus far with
studies looking at the association of inflammation with lung cancer
risk. Rothman et al. (59) conceptualized a causal pie where combi-
nations of risk factors explain the occurrence of non-communicable
diseases with multiple etiologies such as cancer. Most of these factors
are neither necessary nor sufficient in themselves to cause illness, and
it is the combination of factors that determine the risk to any individ-
ual. Some risk factors (for example, smoking) may have such strong
biological effects that, regardless of the underlying host genetic sus-
ceptibility or the presence of other risk factors, these factors invari-
ably confer risk. Other factors may have weaker effects, and the risk
associated with these factors may manifest only in hosts with
underlying predisposition. Applying this concept to the role of
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inflammation in lung carcinogenesis, and in the light of our findings,
the development of inflammatory pathway perturbations that result in
lung carcinogenesis may depend on both the presence of ‘environ-
mental’ risks that predispose to inflammatory pathway disruptions
such as personal medical history as well as on underlying host genetic
susceptibility to such perturbations.

Our study represents, to our knowledge, the first study of inflam-
matory genotypes and lung cancer in a large group of never-smokers.
This feature has allowed us to investigate weak associations in this
subgroup, which may be overshadowed by smoking-related effects in
other populations.

Previous studies of genetic polymorphisms have used study popu-
lations of smokers or mixed populations where smokers comprised
a heavy majority. Despite the inconsistencies in findings, the evidence
overall appears to suggest that both a medical history of lung or in-
flammatory conditions and genetic variation in the inflammatory gene
pathways are associated with lung cancer risk in smokers. Our study
adds to this body of knowledge by suggesting that similar associations
are seen in never-smokers.

On the other hand, the retrospective nature of our study and the use of
hospital controls may complicate the interpretation of our results. To
reduce possible selection bias, we sampled from a wide variety of
hospital departments and admission symptoms. In addition, we ex-
cluded patients admitted for cancers or chronic respiratory conditions.
Even if there were a selection bias in our study (with enrichment of
persons with chronic diseases in the control group), the direction of this
bias would have resulted in an underestimate of the true risk. We
depended on participant reports of their medical history, and there
may have been reporting bias with cases being more probably to report
a positive medical history than controls. Because of the similarity of
symptoms, some cases might have been misdiagnosed as asthma
prior to the diagnosis of lung cancer being made. As we had not asked
the age of onset of their pre-existing medical condition, we were not
able to exclude reports of medical conditions of recent onset that
could have been misdiagnosed lung cancer. However, we do not be-
lieve that this was a major source of bias because diagnostic chest
imaging is readily available to family practitioners in Singapore, and
this would have correctly identified lung cancer as the cause of their
symptoms for most patients. We did not conduct any interviews solely
with next of kin, hence eliminating possible biases resulting from
proxy reports.

Furthermore, our results, especially with regard to those showing
gene—environment interactions, should be considered to be explor-
atory in nature. Only a subset of participants provided blood samples.
Our analysis suggested that there were minimal differences between
cases and controls that provided blood samples and those who did not
(data not shown). The exception to this was in environmental tobacco
smoke exposure amongst controls: 52% of those who provided blood
specimens reported environmental tobacco smoke exposure compared
with 44% in the study population as a whole (P<<0.05). Environmen-
tal tobacco smoke exposure has been linked to asthma, and the higher
proportion of asthma among controls providing blood samples may
have resulted in an attenuation of the actual effect of the composite
variables of cough, asthma and atopy in analyses stratified by geno-
type. Mechanistic or biological effect is plausible for these interac-
tions, but the likelihood ratio tests for interaction, although significant
without adjustment for multiple testing at P<<0.05, gave borderline
significant P values after adjustment, and confirmation of these find-
ings in other well-designed studies of lung cancer in never-smokers is
needed.

In summary, our results suggest that acquired inflammatory medi-
cal conditions and inherited polymorphisms of genes in the inflam-
matory response pathway may interact to confer risk in lung
carcinogenesis among never-smokers. Our finding that the cluster of
conditions of chronic cough, asthma and atopy confer risk only in the
presence of proinflammatory genotypes linked to the IL-1 cytokine
emphasizes the need to consider host genetic susceptibility when in-
vestigating putative environmental or acquired risk factors in etiologic
studies.
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