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Abstract

Background—Aberrant expression of interleukin-6 (IL-6) may play an important role in lung 

carcinogenesis. Whether IL-6 promoter haplotypes are associated with lung cancer risk and their 

functions have not yet been studied. We tested the hypothesis that single-nucleotide polymorphism 

(SNP) and/or haplotypes of IL-6 promoter are associated with risk of lung cancer.

Methods—Two functional IL-6 promoter SNPs (-6331T>C and -572C>G) were genotyped in the 

discovery group including 622 patients and 614 controls, and the results were replicated in an 

independent validation group including 615 patients and 638 controls. Luciferase reporter gene 

assays were conducted to examine the function of IL-6 promoter haplotypes.

Results—None of the functional IL-6 promoter SNPs were associated with lung cancer risk in 

either study. However, a two-SNP CC (-6331C and -572C) IL-6 promoter haplotype was 

significantly more common among cases than among controls in both groups (P = 0.031 and P = 

0.035, respectively), indicating that this haplotype is associated with increased lung cancer risk 

{adjusted odds ratio [OR], 1.56 [95 % confidence interval (95 % CI), 1.04–2.34] and 1.51 [95 % 

CI, 1.03–2.22], respectively}. Combined analysis of both studies showed a strong association of 

this two-SNP haplotype with increased lung cancer risk (adjusted OR, 1.53; 95 % CI, 1.16–2.03; P 
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= 0.003). Comparably, luciferase reporter assays of A549 lung cancer cell lines transfected with 

the CC haplotype revealed that the two-SNP haplotype had significantly higher IL-6 

transcriptional activity compared with cells transfected with the common haplotype.

Conclusions—This is the first evidence of identifying an IL-6 promoter haplotype (CC) 

associated with increased risk of lung cancer.
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Introduction

Accumulating evidence suggests that chronic inflammation predisposes individuals to 

different types of cancer (Balkwill and Mantovani 2001; Coussens and Werb 2002). Over 15 

% of the worldwide incidence of cancer can be attributed to chronic infections, of which 

inflammation is a major component (Pisani et al. 1997). The link between inflammation and 

cancer is thought to occur through two pathways: inflammation can initiate or promote 

oncogenic transformation and genetic as well epigenetic alterations can generate an 

inflammatory microenvironment that further reinforces tumor progression (Mantovani et al. 

2008). As a member of signal transducer and activator of transcription (STAT) family 

proteins, STAT3 is constitutively activated in various types of cancer (Bromberg et al. 1999) 

and plays an important role in inflammation-associated tumorigenesis initiated by genetic 

changes (Gao et al. 2007; Rebouissou et al. 2009) and environmental factors (Hodge et al. 

2005; Yu et al. 2009). Among inflammatory factors, interleukin-6 (IL-6) is essentially 

required for STAT3 activation (Zhong et al. 1994).

IL-6 is a pleiotropic cytokine that functions in inflammatory response, cell survival, 

proliferation and apoptosis (Kishimoto 2005). Recent studies show that IL-6 and its major 

effector STAT3 play a central role in the epigenetic switch from non-transformed epithelia 

to cancer cells (Iliopoulos et al. 2009, 2010). Elevated expression of IL-6 via autocrine and 

paracrine mechanisms leading to subsequent chronic inflammation also exhibits promoting 

and suppressive roles in tumor development (Grivennikov and Karin 2008; Knupfer and 

Preiss 2007; Okamoto et al. 1997; Park et al. 2010). Common genetic variants, especially 

the functional polymorphisms located in the promoter region of candidate genes that may 

quantitatively change the gene’s expression, are associated with risk of cancer and other 

complex diseases (Dong et al. 2008; Joosten et al. 2001). Three functional polymorphisms, 

including -6331T>C, -572C>G (somewhere also named -634 C>G) and -174G>C, 

associated with IL-6 transcription activity have been found in the IL-6 promoter region 

(Fishman et al. 1998; Nakajima et al. 1999; Smith et al. 2008). The -572C>G and -174G>C 

IL-6 promoter variants were reported not to be associated with lung cancer risk (Campa et 

al. 2005; Engels et al. 2007; Seow et al. 2006; Van Dyke et al. 2009). Besides, the present 

study has shown no association between -6331T>C or -572C>G and lung cancer risk, 

respectively.

Given the facts that haplotypes have more power to detect associations with risk of complex 

diseases than single polymorphism (Johnson et al. 2001; Manolio et al. 2008) and the G to C 
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polymorphism at -174 of IL-6 is extremely rare in Asian, including Chinese (Gu et al. 2008; 

Lim et al. 2002; Zhai et al. 2001; Pan et al. 2011), we decided to examine the association of 

IL-6 haplotypes consisting of the two functional polymorphisms of IL-6 promoter 

(-6331T>C and -572C>G) with risk of lung cancer and to define the functional relevance of 

risk haplotypes.

Materials and methods

Study subjects

A total of 1,237 patients with lung cancer and 1,252 cancer-free individuals from East China 

were recruited in a discovery group and an independent validation group and were used to 

evaluate association of IL-6 promoter SNPs and/or haplotypes with risk of lung cancer.

In the discovery group (Table 1), consecutive cases (n = 622) with a biopsy-confirmed 

diagnosis of lung cancer were recruited from the First Affiliated Hospital of Soochow 

University (Suzhou, China) between September 2003 and May 2008. The response rate for 

enrollment into the study was 90 %. A peripheral blood sample was obtained from each 

recruited patient. During the same time period, control samples (n = 614) were randomly 

recruited with a response rate of 87 % from healthy individuals who were participating in 

health checkup examinations conducted at the same hospital. None of the individuals in the 

control group had any personal history of cancer at the time of blood donation.

In the independent validation group (Table 1), blood samples (n = 615) were consecutively 

obtained from patients with a diagnosis of lung cancer at Shanghai Chest Hospital and 

Shanghai Pulmonary Hospital (Shanghai, China) between October 2003 and December 

2007. The response rate was 86 and 85 % from patients recruited at these two hospitals. All 

lung cancer cases were histologically confirmed at the hospitals where the patients were 

diagnosed. Blood specimens from cancer-free controls (n = 638) were randomly recruited 

with a response rate of 82 % from healthy individuals coming for annual checkup at the 

same hospitals during the same time period.

Although there were no restrictions on age, gender and histology, patients who had previous 

cancers and/or previous radiotherapy or chemotherapy were excluded. All biopsy samples 

were carefully reviewed by the Department of Pathology of each hospital to confirm the 

diagnosis. Patients and controls were geographically matched individuals with the same age 

range. Each participant (cases and controls) was interviewed, and the following 

demographic variables were obtained: age, gender and smoking history (Table 1). All cases 

and controls were genetically unrelated ethnic Han Chinese population from Shanghai, and 

its surrounding regions including Jiangsu and Zhejiang provinces. The study protocol was 

approved by the Academic Advisory Boards of Soochow University and Fudan University.

SNPs’ selection

The SNP database (www.ncbi.nlm.nih.gov/snp) and Hap-Map SNP database 

(www.hapmap.org, HapMap phase 3 release #27) were used to explore SNPs among Han 

Chinese population. Eleven SNPs were obtained from a 14-kb region of IL-6 stretching from 

7 kb upstream of the transcriptional start site to 2 kb downstream of the 3′ untranslated 
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region. Of them, 6 SNPs were common variants (minor allele frequencies >5 %), including 

two (rs10499563 and rs1800796) in the promoter region, three (rs2069837, rs1524107, 

rs2066992) in intron 2 and one (rs2069852) in the 1-kb region downstream of the coding 

region (Fig. 1). Notably, after performing linkage disequilibrium (LD) analysis by the 

Haploview program (Barrett et al. 2005), we found that four common SNPs (rs1800796, 

rs1524107, rs2066992 and rs2069852) were in strong LD since Lewontin coefficient (D′) 

and squared correlation coefficient (r2) among these four SNPs are above 0.8 among 

Chinese population. Thus, one SNP can be picked as tagging SNP, and two SNPs 

(rs10499563 and rs1800796) in the promoter region can tag 83.3 % (5 of 6) of common 

variants within IL-6 gene if we use r2 0.80 as the threshold (Fig. 1). Therefore, we selected 

the two promoter SNPs, rs10499563 (-6331T>C) and rs1800796 (-572C>G), to investigate 

whether variants in the IL-6 promoter are capable of affecting expression of IL-6 and 

susceptibility to lung cancer.

Genotyping

Genomic DNA was extracted from blood samples with the salting-out method (Miller et al. 

1988). The IL-6 promoter region containing the -6331T>C polymorphism was amplified by 

polymerase chain reaction (PCR). The PCR was performed in a total volume of 25ul 

containing 50–100 ng genomic DNA, 1 unit Taq polymerase (Takara, Japan), 1× Taq 

polymerase buffer (Mg2+ plus), 0.2 mM of each dNTP, and 0.4uM each of forward (5′-

GCCTGGTCT GGCCTGTATAA-3′) and reverse (5′-CCCAAGGACCTG TTAGTGGA-3′) 

primers (primer set 1). The DNA template was denatured at 95 °C for 5 min and then 

amplified for 30 cycles at 94 °C for 45 s, 60 °C for 40 s, and 72 °C for 45 s, followed by a 

terminal 5-min extension phase at 72 °C. Each 222-bp PCR product was digested with TaaI 

(Fermentas, Vilnius, Lithuania) at 65 °C for 16 h. The various genotypes were separated 

using 12 % polyacrylamide gel electrophoresis followed by visualization with ethidium 

bromide (EB). The 171- and 51-bp fragments were diagnostic for the C allele, and the 222-

bp fragment was diagnostic for the T allele.

The IL-6 -572C>G polymorphism was amplified using the same conditions (as genotyped 

for the -6331T>C variant) with the following primers (primer set 2: forward: 5′-

TGGCAAAAAGGAGTCACACA-3′ and reverse: 5′-CC CAAGCCTGGATTATGAAG-3′), 

and the annealing temperature was 62 °C. The 162-bp products were digested with MbiI 

(Fermentas, Vilnius, Lithuania) at 37 °C for 16 h. The different alleles were observed after 

gel electrophoresis and EB staining: the 88- and 74-bp fragments were diagnostic for the G 

allele, and the 162-bp fragment was diagnostic for the C allele.

Confirmation of the genotype data obtained from above PCR-restriction fragment length 

polymorphism (PCR-RFLP) analysis was undertaken by direct sequencing, which was 

performed on an Applied Biosystems 3700 DNA Analyzer according to manufacturer’s 

instructions (PE Applied Biosystems, Foster City, CA).

Construction of luciferase reporter gene plasmids

PCR primers were designed as for primer set 1 but contained recognition sites for Kpn I in 

the forward primer and Pst I in the reverse primer. This set of primers were used to produce 
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a 222-bp fragment (-6,379 to -6,158) flanking the IL-6 -6331T>C polymorphism from 

genomic DNA, which was obtained from a cancer-free subject homozygous for -6331T 

allele. A 751-bp sequence (-635 to +116) of IL-6 was amplified from the genomic DNA of a 

healthy subject homozygous for the -572G allele. The primer sequences for the 751-bp 

amplicon were the same as the set 2 primer but contained recognition sites for Pst I in the 

forward primer and Hind III in the reverse primers. The two fragments were digested with 

Pst I restriction enzyme (Takara, Dalian, China) and then linked with T4 DNA ligase 

(Takara, Dalian, China) to form a longer fragment harboring -633IT allele and -572G allele. 

After cutting the fragment with Kpn I and Hind III (Takara, Dalian, China), we cloned it into 

the pGL3-basic luciferase vector (Promega, Madison, WI, USA). The resulting plasmid was 

named p-TG. The p-CG reporter plasmid containing -6331C allele and -572G allele was 

constructed as p-TG.

The G alleles at nucleotide position -572 relative to the transcriptional start site of IL-6 in p-

TG and p-CG constructs were site-specifically mutated to C alleles using Site-Directed 

Mutagenesis Kit (Stratagene, La Jolla, CA, USA) for creating the plasmids p-TC and p-CC. 

Primers are available upon request. Before cell transfection, the sequence of each construct 

was confirmed by direct sequencing.

Cell lines and cell culture

Human lung cancer cells (A549) and human bronchial epithelial (HBE) cells were used to 

determine the transcriptional activities of IL-6 promoter harboring different haplotypes. Two 

cell lines were cultured in RPMI 1640 medium with 10 % fetal calf serum (GIBCO/

Invitrogen, Grand Island, NY, USA) and incubated at 37 °C in a humidified environment 

with 5 % CO2.

Transient transfection and luciferase reporter gene assays

Cells were transfected with 800 ng pGL3-basic constructs with different IL-6 promoter 

haplotypes or 800 ng pGL3-basic empty plasmid (as a promoterless control) using 

Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA), and 32 ng Renilla pRL-TK plasmid 

(Promega, Madison, WI, USA) was cotransfected as a normalizing control. Sixteen hours 

later, the plates were washed with PBS buffer, changed with fresh medium, and then 

incubated for 24 h in the presence or absence of IL-1 (R&D systems, Minneapolis, MN, 

USA). Finally, luciferase activity of the transfected cells was determined using the Dual-

Luciferase Reporter Assay System (Promega, Madison, WI, USA) on a TD20/20 

Luminometer (Turner Designs, Sunnyvale, CA, USA). For each plasmid construct, three 

independent transfection experiments were carried out, and each was done in triplicate. 

Results are reported as relative luciferase activities, which are obtained by dividing firefly 

luciferase activity with Renilla luciferase activity.

Statistical analysis

The data are presented as mean ± standard error of mean (SEM) for continuous variables or 

as numbers (percentage) for categorical variables. Comparisons between groups were 

performed with t test for continuous variables or with Chi-square test for categorical 
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variables. Hardy-Weinberg equilibrium (HWE) analysis for genotype distribution in controls 

was carried out by a Pearson’s goodness-of-fit Chi-square test.

We used logistic regression models to assess the effects of the genotypes and the haplotypes 

on risk of lung cancer. We included age, gender and smoking history as covariates in the 

models to adjust for possible confounding effects. For the genotype association analysis, we 

used the additive model to code the main-effect variables of each SNP. In our haplotype 

association analyses, we first inferred the haplotypes using log-linear modeling embedded 

within an expectation-maximization (EM) algorithm (Fallin and Schork 2000; Mander 2001) 

and then adopted the logistic regression model to analyze the association between each 

haplotype and risk of lung cancer using the most common haplotype as the reference 

haplotype (Lin and Zeng 2006; Marchenko et al. 2008; Spinka et al. 2005). All the statistical 

analyses above were implemented with STATA (STATA/SE version 10.1 for Windows; 

Stata Corp, College Station, Texas, USA) and GraphPad Prism (version 5.01 for Windows; 

GraphPad Software, Inc., San Diego, CA, USA).

Results

Characteristics of patients with lung cancer and controls

The characteristics of lung cancer cases and controls enrolled in the two groups are shown in 

Table 1. There was no significant difference with respect to age between cases and controls 

in both groups. The proportions of male subjects and smokers were higher among patients 

with lung cancer than controls. As expected, smoking was associated with risk of lung 

cancer (discovery group: OR, 3.12; 95 % CI, 2.43–1.02; P < 0.001; validation group: OR, 

2.83; 95 % CI, 2.20–3.64; P < 0.001) while gender was not associated with risk (discovery 

group: OR, 1.02; 95 % CI, 0.77–1.33; P = 0.902; validation group: OR, 0.97; 95 % CI, 

0.74–1.27; P = 0.808).

IL-6 genotypes and risk of lung cancer

To determine whether any of the two promoter variants (-6331T>C and -572C>G) can 

modify risk of lung cancer, we genotyped these two SNPs by PCR-RFLP in the two 

independent groups. Fifteen percent of samples from cases and controls were validated by 

direct sequencing, and all sequence results were consistent with the PCR-RFLP analyses 

(Figs. 2, 3). The genotyping results showed that frequencies of these two polymorphisms 

were in Hardy-Weinberg equilibrium in controls in both groups (discovery group: P = 0.055 

for -6331T>C and P = 0.873 for -5720G; validation group: P = 0.297 for -6331T>C and P = 

0.990 for -572C>G). In the discovery group, no significant difference in frequencies of 

genotype and allele at -6331T>C was observed between lung cancer patients and controls. 

Although the -572G allele frequency was significantly higher in controls than patients (P = 

0.041), neither genotype nor allele at -572C>G was associated with lung cancer risk (Table 

2). In the validation group, no significant difference in frequencies of genotype and allele at 

-6331T>C and -572C>G was found between patients with lung cancer and controls (Table 

2).
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After stratification by age, gender, smoking history and histology, we did not observe any 

association between the -6331T>C polymorphism and lung cancer risk in both groups 

(Table 3). No association between the -572C>G polymorphism and lung cancer risk was 

found in the validation group, albeit there was an association of this polymorphism with 

lung cancer risk by histology stratification in the discovery group (Table 4).

IL-6 haplotypes and risk of lung cancer

Given the fact that association studies based on haplotypes of multiple markers instead of 

genotypes at single markers significantly improve the power of mapping and characterizing 

disease-causing genes (Akey et al. 2001; Johnson et al. 2001; Manolio et al. 2008), we 

sought to assess whether various haplotypes consisting of the two SNPs of IL-6 promoter 

(-6331T>C and -572C>G) were associated with risk of lung cancer. LD analysis found that 

these two common polymorphisms shared high D′ value and low r2 value in controls 

(discovery group: D′ = 0.847, r2 = 0.361; validation group: D′ = 0.833, r2 = 0.367), 

suggesting that the two polymorphisms are suitable for haplotype reconstruction.

After applying haplotype reconstruction analysis according to the genotyping data in lung 

cancer patients and controls, we discovered that the CC (-6331C and -572C) haplotype was 

significantly more common among lung cancer patients than among controls in either group 

(P = 0.031 and P = 0.035, respectively), indicating that this haplotype is associated with 

increased lung cancer risk {adjusted OR, 1.56 [95 % CI, 1.04–2.34] and 1.51 [95 % CI, 

1.03–2.22], respectively} (Table 5). Furthermore, when combining the two independent 

groups, we found that the CC haplotype was significantly associated with increased risk of 

lung cancer compared with the common TC haplotype (adjusted OR, 1.53; 95 % CI, 1.16–

2.03; P = 0.003).

Although an association of the CG (-6331C and -572G) haplotype with decreased lung 

cancer risk was observed marginally significant in the discovery group (adjusted OR, 0.80; 

95 % CI, 0.64–1.00; P = 0.046), this association was not validated in the validation group 

(adjusted OR, 0.84; 95 % CI, 0.67–1.04; P = 0.110) (Table 5).

Effects of four different IL-6 promoter haplotypes on transcriptional activity

Next, we tested the hypothesis that the CC (-6331C and -572C) IL-6 haplotype alters IL-6 

transcriptional activity. We therefore constructed luciferase reporter vectors containing four 

different IL-6 promoter haplotypes (Fig. 4a) and transiently transfected them into A549 and 

HBE cells, respectively.

As illustrated in Fig. 4, a significant induction of luciferase activity was observed in the two 

cell lines in the presence of IL-1, which is consistent with previous findings (Terry et al. 

2000; Woods et al. 1998). In HBE cells stimulated with IL-1, reporter gene expression 

driven by the -6331C allelic IL-6 promoter was ~1.44-fold higher than that driven by the 

-6331T allelic counterpart (1.61 ± 0.16 versus 1.12 ± 0.05, P = 0.043), and reporter gene 

expression driven by the -572C allelic IL-6 promoter was ~1.35-fold higher than that driven 

by the -572G allelic counterpart (1.12 ± 0.05 versus 0.83 ± 0.06, P = 0.025) (Fig. 4b). The 

similar findings were observed in HBE cells without stimulation of IL-1 (Fig. 4b) and in 
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A549 cells with or without stimulation of IL-1 (Fig. 4c). These findings demonstrated the 

biological significance of the two SNPs on IL-6 promoter activity. We further evaluated the 

combined effects of the -6331T>C and -572C>G on transcriptional activity and found that 

the constructs containing the CC promoter haplotype showed significantly higher 

transcriptional activities than those containing the common TC haplotype (Fig. 4b, c), 

suggesting a significant synergic effect between -6331C and -572C alleles in the context of 

haplotype on increasing transcriptional activity of IL-6.

Discussion

This is the first study investigating the association of IL-6 promoter haplotypes with lung 

cancer. In this study, we found that the CC (-6331C and -572C) IL-6 promoter haplotype 

was significantly associated with a 56 % increased risk of lung cancer in the discovery group 

and 51 % in the validation group.

Three functional polymorphisms associated with IL-6 transcription activity have been 

identified in the IL-6 promoter region (Fishman et al. 1998; Nakajima et al. 1999; Smith et 

al. 2008). One is a -174G>C polymorphism (rs1800795), located within the core promoter 

of IL-6, which modulates transcriptional response to β-adrenergic activation of the GATA1 

transcription factor in vitro. The -174C allele is significantly associated with lower levels of 

plasma IL-6 (Cole et al. 2010; Fishman et al. 1998). Several investigations have shown that 

the -174G>C polymorphism contributes to the pathogenesis of colorectal cancer (Landi et al. 

2003; Slattery et al. 2009) and Kaposi sarcoma (Foster et al. 2000; Gazouli et al. 2004). 

However, molecular epidemiologic studies have not shown an association between this 

functional polymorphism and lung cancer susceptibility in the European population (Campa 

et al. 2004, 2005; Colakogullari et al. 2008; Engels et al. 2007; Seifart et al. 2005; Van Dyke 

et al. 2009). Our metaanalysis of 83 studies involving 44,735 cases and 60,747 controls did 

not show a significant association between the -174G>C polymorphism and cancer risk, 

including lung cancer (Liu et al. 2012). Of note, the -174C allele is extremely rare in Asian, 

including Chinese (Gu et al. 2008; Lim et al. 2002; Zhai et al. 2001; Pan et al. 2011).

Another functional polymorphism -6331T>C (rs 10499563), which is common in the 

Chinese population (Table 2) and located near a distal regulatory region upstream of the 

IL-6 transcription start site, was reported to modulate IL-6 expression level in acute 

inflammation via a mechanism involving binding of the POU2F1 transcription factor (Smith 

et al. 2008). We did not find any association between the polymorphism and lung cancer 

susceptibility in this report. The third functional variant -572C>G (rs 1800796), is common 

in the Chinese population (Table 2) and was associated with transcriptional activity of IL-6 

promoter in human myelocytic leukemia cells (Gu et al. 2008). The present study revealed 

that this polymorphism was not associated with lung cancer risk, which provided support for 

what Seow et al. observed in lung cancer, albeit Seow et al. (2006) reported that in the 

presence of -572G allele, atopy and asthma were associated with lung cancer. This could be 

explained by the fact that many factors, such as sample size and specific clinical features, 

may influence the results obtained from the case-control association studies.
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While investigating the two variants (rs 10499563 and rs 1800796) of IL-6 promoter region, 

we also explored the role of four non-promoter common polymorphisms, including 

rs2069837, rs1524107, rs2066992 and rs2069852 (Fig. 1). Of the four variants, rs1524107, 

rs2066992 and rs2069852 share higher D′ and r2 values (>0.8) with the -572C>G 

polymorphism (rs 1800796) among Chinese population. Thus, the two promoter variants 

(-6331T>C and -572C>G) can represent all the common variants of IL-6 except for 

rs2069837. Additionally, we genotyped rs2069837 and found no difference in the frequency 

for rs2069837 between patients with lung cancer and cancer-free controls (P = 0.39), 

suggesting that rs2069837 is not associated with susceptibility to lung cancer.

Taken together, the previous (Colakogullari et al. 2008; Gu et al. 2008; Seow et al. 2006; 

Van Dyke et al. 2009) and present studies suggested that none of the three functional IL-6 

promoter polymorphisms (-174G>C, -572C>G and -6331T>C) are associated with risk of 

lung cancer in the Chinese population. However, when performing haplotype-based 

analyses, we found that the CC (-6331C and -572C) IL-6 promoter haplotype was 

significantly associated with increased lung cancer risk. These findings are consistent with 

the notion that IL-6 haplotypes are more functionally relevant to certain diseases than single 

polymorphisms (Fife et al. 2005; Terry et al. 2000). More recently, Hardy and Singleton also 

suggested that a collection of multiple variants may confer a graded risk of disease (Hardy 

and Singleton 2009). We have also shown an association between TGFBRI haplotypes and 

risk of lung cancer while no single SNP was associated with risk (Lei et al. 2009).

Our luciferase assays demonstrated a significant difference in transcriptional activity 

between the -633 IT and -6331C alleles, and between the -572C and -572G alleles in HBE 

and A549 cells. Smith et al. (2008) reported higher IL-6 transcription with the T allele at 

-6331T>C in the IL-6 promoter region. Kitamura et al. (2002) found the -572G allele to be 

associated with increased secretion and production of IL-6. Pan et al. (2011) also reported 

that the -572G allele was associated with higher circulating levels of IL6. Despite of 

different methods used in these documents and their different results from ours, the 

polymorphisms -6331T>C and -572C>G in the IL-6 promoter region were shown to play an 

important role in regulating IL-6 transcription activity. More importantly and intriguingly, in 

the present study, we found a significantly increased transcriptional activity when the 

-6331C and -572C alleles (CC haplotype) are simultaneously present in the IL-6 promoter, 

suggesting an interplay between these two SNPs within a haplotype. Taken together, these 

findings are consistent with our association analysis of the haplotypes and support the notion 

that haplotypes have more power to detect associations with risk of complex diseases than 

single polymorphism (Johnson et al. 2001; Manolio et al. 2008).

In conclusion, our results suggest that the CC (-6331C and -572C) IL-6 promoter haplotype 

increase IL-6 transcriptional activity and is associated with risk of lung cancer in the 

Chinese population.
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Fig. 1. 
Pairwise LD between six polymorphisms of IL-6 gene. Totally, eleven SNPs were obtained 

from a 14-kb region of IL-6 from 7 kb upstream of the transcriptional start site to 2 kb 

downstream of the 3′ untranslated region in the Chinese population. Of them, six SNPs were 

common variants (minor allele frequencies >5 %), including two (rs10499563 and 

rs1800796) in the promoter region, three (rs2069837, rs1524107, rs2066992) in the intron 2 

and one (rs2069852) in the 1 kb downstream of the coding region. Among four non-

promoter variants, rs1524107, rs2066992 and rs2069852 share higher D′ and r2 values 
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(>0.8) with rs1800796. Thus, the two promoter variants can represent all the common 

variants of IL-6 except for rs2069837 with a threshold of 0.80 for r2. The value in each 

diamond indicates pairwise correlation between tagging SNPs (measured as r2) located at 

the upper left and the upper right sides of the diamond. The shading with a red-to-white 

gradient reflects higher to lower LD values (measured as D′)
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Fig. 2. 
Representative analysis of the rs10499563 (-6331T>C) polymorphism. a PCR-RFLP 

analysis for the -6331T>C polymorphism. M DNA size marker; lanes 1, 3,4, 5 and 7 TT 

genotype; lanes 6, 8 TC genotype; lane 2 CC genotype, b DNA sequencing analysis for 

genotypes of the -6331T>C polymorphism. The three charts represent the TT, TC and CC 

genotypes, respectively. The arrows localize the base changes at the nucleotide positions
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Fig. 3. 
Representative analysis of the rs1800796 (-572C>G) polymorphism. a PCR-RFLP analysis 

for the -572C>G polymorphism. M DNA size marker; lanes 1, 4, 5, 7 and 8 CC genotype; 

lanes 2, 3 CG genotype; lane 6 GG genotype. b DNA sequencing analysis for genotypes of 

the -572C>G polymorphism. The three charts represent the CC, CG and GG genotypes, 

respectively. The arrows localize the base changes at the nucleotide positions
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Fig. 4. 
Transient reporter gene expression assays with constructs containing IL-6 promoter 

haplotypes. a Schematic representation of luciferase reporter constructs carrying the IL-6 

promoter region. Luciferase activity profiles were assayed following transfection of the 

constructs into HBE (b) and A549 (c). Cells were incubated for 24 h in the absence or 

presence of IL-1. Firefly luciferase activity was normalized for transfection efficiency by co-

transfection with a Renilla pRL-TK plasmid. Relative luciferase activities were calculated 

by dividing firefly luciferase activity with Renilla luciferase activity. Data shown are the 
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mean ± SEM from three independent transfection experiments, each done in triplicate. *P < 

0.05 and **P < 0.01 compared with the p-TC construct
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