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Abstract. Aim: Lung cancer is the leading cause of cancer-
related death worldwide. Interleukin-4 (IL-4) is a typical
pleiotropic T helper 2 cytokine involved in immunology during
carcinogenesis. The present study aimed at evaluating the
contribution of IL-4 promoter T-1099G (rs2243248), C-589T
(rs2243250), C-33T (rs2070874) genetic polymorphisms to the
risk of lung cancer in Taiwan. Materials and Methods: The
contributions of the promoter IL-4 polymorphic genotypes to
lung cancer risk were investigated in 358 lung cancer patients
and 716 age- and gender-matched healthy controls. In
addition, the interaction between IL-4 and individual smoking
status was also evaluated. Results: The percentages of CC, CT
and TT for IL-4 C-589T genotypes were differentially
represented as 69.0%, 26.5% and 4.5% in the lung-cancer
patient group and 61.3%, 30.4% and 8.3% in the non-cancer
control group, respectively (p=0.0156). The TT genotype
carriers were of lower risk for lung cancer (odds ratio
(OR)=048, 95% confidence interval (CI)=0.27-0.86,
p=0.0106) than the CC genotype carriers. We also analyzed
the allelic frequency distributions and the results showed that
the T allele of IL-4 C-589T conducted a protective effect on
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lung cancer susceptibility (p=0.0022). On the contrary, there
was no difference in the distribution of genotypic or allelic
[frequencies among patients and controls for the IL-4 promoter
T-1099G and C-33T. Conclusion: The TT genotype of IL-4 C-
589T compared to the CC wild-type genotype may have a
protective effect on lung cancer risk in Taiwan and may serve
as an early detection and prediction marker.

Statistically, lung cancer has been the leading cause of
cancer-related mortality for years worldwide, and non-small
cell lung cancer (NSCLC) is the most common type,
accounting for about 80% of lung cancer cases (1, 2).
Although the development of anti-tumor therapy is rapid, the
prognosis of lung cancer patients remains poor, with a 5-year
survival rate of less than 20% (3). The most well-established
environmental factor for lung cancer is the individual
consumption of tobacco, which is also useful for prognosis
prediction (4, 5). Carcinogens contained in cigarettes have
been related to elevated reactive oxygen species, DNA
adducts and stand breaks in lung cells. However, there also
exist certain studies showing that only 10-15% of all
smokers actually develop lung cancer during their lifetime,
suggesting that individual susceptibility to carcinogens in
cigarette smoke can vary in different individuals (6, 7). In
the past decade, studies have shown that specific genotypes
contributed to higher risk of lung cancer for cigarette
smokers than non-smokers (8-15) or vice versa (16-19).
Therefore, investigation of gene-environment interactions on
lung cancer risk especially for smokers and non-smokers is
an important issue to reveal lung cancer etiology.
Interleukin-4 (IL-4) is mainly produced by marcrophages
and T lymphocytes, and plays a broad role in both anti-
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Table 1. Distribution of selected demographic data of the 358 lung cancer patients and their 716 matched controls.

Characteristics Controls (n=716) Patients (n=358) p-Value?
n % Mean (SD) n % Mean (SD)
Age (years) 64.8 (6.8) 64.0 (6.9) 0.5871
Gender 0.3642
Male 488 68.1% 254 70.9%
Female 228 31.9% 104 29.1% 0.3642
Smoking status
Ever smokers 563 78.6% 293 81.8%
Non-smokers 153 21.4% 65 18.2% 0.2282

4Based on Chi-square test.

inflammation and immunosuppression. IL-4 not only
controls the activation of B cells but also the maturation of T
helper 2 cells (20, 21). IL-4 has been reported to mediate an
antitumor effect (22-24). Elevated levels of IL-4 expression
were associated with tumors in breast cancer, renal cell
cancer, prostate cancer, colon cancer and lung cancer (25).
In a knockout mice model, it was found that tumor growth
was delayed in IL-47/~ recipient mice challenged with lung
cancer cell transplantation (26). All the above evidence
indicated that the altered expression levels may play a role
in lung carcinogenesis.

To date, the genotypic contribution of /L-4 to cancer is not
well-studied. As for lung cancer, IL-4 rs2243250 single
nucleotide polymorphisms (SNPs) have been found to
associate with a reduced risk of non-small cell lung cancer
(NSCLC) among Portuguese (27). Similarly, the CC and CT
genotypes of IL-4 rs2243250 were also lower in patients with
NSCLC than in healthy controls among people in Beijing
(28). Furthermore, the genotypic frequencies of CC and CT
genotypes of /L-4 rs2243250 were found to be associated
with lung cancer susceptibility only between female
squamous-cell carcinoma (SCC) patients and female controls,
but not between cases and controls, adenocarcinoma patients
and controls, and between male SCC patients and male
controls in China (29). However, previous groups have
focused on only one promoter SNP of /L-4, which could be
strengthened by recruiting other SNPs, especially in the
promoter region controlling the expression levels of IL-4. In
the current study, we aimed to investigate the contribution of
IL-4 promoter T-1099G (rs2243248), C-589T (rs2243250), C-
33T (rs2070874) genetic polymorphisms to the risk of lung
cancer in Taiwan.

Materials and Methods

Study population. Three hundred and fifty-eight patients diagnosed
with lung cancer were recruited at the Outpatient Clinics of General
Surgery at the China Medical University Hospital during 2005-2008.
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The clinical characteristics of patients, including histological details,
were all graded and defined by expert surgeons. All participants
voluntarily completed a self-administered questionnaire and
provided 5-ml samples of their peripheral blood. Twice as many
non-lung cancer healthy volunteers as controls were selected by
matching for age, gender and smoking behavior after initial random
sampling from the Health Examination Cohort of the hospital. The
exclusion criteria of the controls included previous malignancy,
metastasized cancer from other or unknown origin, and any genetic
or familial diseases. The genotyping study was approved by the
Institutional Review Board of the China Medical University
Hospital (DMR100-IRB-284) and written-informed consent was
obtained from all participants.

Polymerase  chain  reaction-restriction  fragment length
polymorphism (PCR-RFLP) genotyping conditions. Genomic
DNA from the peripheral blood leucocytes of each patient and
control subject was prepared using the QIAamp Blood Mini Kit
(Blossom, Taipei, Taiwan) and further processed as our previous
articles (10, 11, 30). The polymerase chain reaction (PCR)
cycling conditions were: one cycle at 94°C for 5 min; 35 cycles of
94°C for 30 s, 55°C for 30 s, and 72°C for 30 s; and a final
extension at 72°C for 10 min. The sequences of forward and
reverse primers and the restriction enzymes for each SNP are
summarized in Table II. The genotype analysis was performed by
two researchers independently and blindly. About five percent of
the samples for each SNP were randomly selected for direct
sequencing and the results from PCR-RFLP and direct sequencing
were 100% concordant.

Statistical analyses. All 716 controls and 358 cases with genotypic
and clinical data were analyzed. To ensure that the controls used
were representative of the general population and to exclude the
possibility of genotyping error, the deviation of the genotype
frequencies of /L-4 SNPs in the control subjects from those expected
under the Hardy-Weinberg equilibrium was assessed using the
goodness-of-fit test. Pearson’s Chi-square test was used to compare
the distribution of the /L-4 genotypes between cases and controls.
The associations between the /L-4 polymorphisms and lung cancer
risk were estimated by computing odds ratios (ORs) and their 95%
confidence intervals (Cls) from logistic regression analysis with the
adjustment for possible confounders. p<0.05 was considered
statistically significant, and all statistical tests were two-sided.
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Table 1. Summary of primer sequences, polymerase chain reaction and restriction fragment length polymorphisms (PCR-RFLP) for interleukin-4 (IL-

4) promoter G-1099T, C-589T and C-33T sites.

Polymorphisms (locations) Primer sequences

Restriction enzyme  SNP sequence DNA fragment size (bp)

T-1099G F: 5’-GGTCCTTACGTTCACTGCTG-3’
(rs2243248) R: 5’-GGCTCAAGTGCTCCTCCTAC-3’
C-589T F: 5-TAAACTTGGGAGAACATGGT-3’
(rs2243250) R: 5’-TGGGGAAAGATAGAGTAATA-3’
C-33T F: 5’-CTGGAAGAGAGGTGCTGATT-3’
(rs2070874) R: 5’-ACTCACCTTCTGCTCTGTGA-3’

Sfe 1 G 262 bp
T 135 + 127 bp

Ava 11 T 237 bp
C 219 + 18 bp

BsmA 1 C 334 bp
T 169 + 165 bp

*F and R indicate forward and reverse primers, respectively; the forward primer for C-589T was specifically designed at the G underlined for the

cutting of Ava II restriction endonuclease.

Table II1. Distribution of interleukin-4 (IL-4) genotypes among the 358 lung cancer patients and the 716 matched controls.

Genotype Controls Patients OR (95% CI) p-Value?
n % n %
T-1099G
TT 595 83.1% 309 86.3% 1.00 (reference)
TG 108 15.1% 43 12.0% 0.77 (0.52-1.12) 0.1918
GG 13 1.8% 6 1.7% 0.89 (0.33-2.36) 1.0000
Pirend 0.3825
C-589T
cC 439 61.3% 247 69.0% 1.00 (reference)
CT 218 30.4% 95 26.5% 0.77 (0.58-1.03) 0.0848
TT 59 8.3% 16 4.5% 0.48 (0.27-0.86) 0.0106*
Pirend 0.0156%*
C-33T
cC 453 63.3% 238 66.5% 1.00 (reference)
CT 223 31.1% 101 28.2% 0.86 (0.65-1.14) 0.3181
TT 40 5.6% 19 5.3% 0.90 (0.51-1.60) 0.7767
Pirend 0.5777

4Based on Chi-square test; *p<0.05.

Results

The frequency distributions of basic characters such as age,
gender, and smoking status for the 358 lung cancer patients
and 716 non-cancer controls are summarized and compared
in Table I. Since we have applied frequency matching to
recruit the non-cancer healthy controls, there was no
difference in the distributions of age and gender between the
control and case groups (Table I).

The distributions of the /L-4 genotypes at promoter T-
1099G  (1s2243248), C-589T  (rs2243250), C-33T
(rs2070874) among the non-cancer controls and the lung
cancer patients are presented and statistically analyzed in
Table III. There was no association between the genotype of
either T-1099G or C-33T and lung cancer risk. However, the
genotypes of IL-4 rs2243250 were differently distributed

between lung cancer and non-cancer control groups
(p=0.0156) (Table III). In detail, the IL-4 rs2243250
heterozygous CT and homozygous TT genotype seemed to
be associated with decreased lung cancer risk (OR=0.77,
95% C1=0.58-1.03, p=0.0848; OR=0.48, 95% CI=0.27-0.86,
p=0.0106, respectively) and only the later was statistically
significant (Table III).

To confirm the above findings, the analysis of allelic
frequency distribution for the three /L-4 promoter SNPs was also
conducted and results are summarized in Table IV. Supporting
the findings that homozygous TT genotype of IL-4 rs2243250
was associated with decreased lung cancer risk, the allele T was
17.7% in the cases, significantly lower than that of 23.5% in
controls (p=0.0022). However, there was no significant
difference in the allelic frequencies of 152243248 or 152070874
between controls and lung cancer cases (Table IV).

6299



ANTICANCER RESEARCH 35: 6297-6302 (2015)

Table IV. Distribution of interleukin-4 (IL-4) allelic frequencies among
358 lung cancer patients and 716 matched controls.

Allele Controls % Patients % p-Value?
T-1099G
Allele T 1298 90.6% 661 92.3% 0.2254
Allele G 134 94% 55 7.7%
C-589T
Allele C 1096 76.5% 589 82.3% 0.0022*
Allele T 336 23.5% 127 17.7%
C-33T
Allele C 1129 78.8% 577 80.6% 0.3652
Allele T 303 21.2% 139 19.4%

ap-Value based on chi-square test. *Statistically significant.

Discussion

In the current study, the contribution of three SNPs at the
promoter region of IL-4 (T-1099G, C-589T and C-33T)
regarding lung cancer risk was evaluated in a Chinese
population. No obvious differential distribution in the
genotypes of T-1099G or C-33T was found. However, the TT
genotype of IL-4 C-589T (rs2243250) was significantly
associated with a decreased risk of lung cancer (Table III).
It is consistent with previous findings that /L-4 rs2243250
plays an important role in the determination of lung cancer
susceptibility (27-29). In existing literature, the CT or CC
genotype at IL-4 rs2243250 was associated with a decreased
expression of IL-4 (31, 32), and allele C was also found to
be associated with lower expression of /L-4 (33, 34). All the
above evidence showed that the C allele at IL-4 rs2243250
may be responsible for the regulation of IL-10 mRNA and
protein expression.

Lung cancer is a gender-related cancer. In the National
Health Insurance Research Database of Taiwan containing
33,919 lung cancer patients recorded during 2002 to 2008,
nearly two thirds of the patients were males (35). During
recent years, there is an increasing trend of gender ratio for
the female lung cancer patients in Taiwan and the prevalence
and mortality rates for female non-small cell adenocarcinoma
are very high in Taiwan. Therefore, we were interested to
see whether the genotype of IL-4 rs2243250 contributed to
the gender difference of lung cancer susceptibility. After
stratification by the gender, it was found that the genotypes
of IL-4 152243250 were not differently distributed among
males, but TT genotype was lower than CC genotype
between the groups of female patients and non-cancer female
subjects. From another angle, lung cancer is also a smoking-
related cancer. Therefore, the interaction of the genotype of
IL-4 152243250 and the cigarette smoking lifestyle of the
participants was analyzed but the results showed that the
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genotypic distribution of the variant genotypes of IL-4
rs2243250 was not significantly different between lung
cancer and control groups who were ever-smokers, but
different in the case among the non-smokers. In 2007, Cesar-
Neto and his colleagues found that smoking behavior
decreased the levels of IL-10, IL-1a, IL-8, TNFa, MMP-8
and osteoprotegerin in sites with periodontitis, but not IL-4
(36). To date, there exists no direct evidence showing that an
altered expression of IL-4 is essential in lung cancer
carcinogenesis in any cell culture models since the cell-cell
interactions of immune suppression and tumor immune
surveillance networks are very complicated. Moreover, the
detail mechanism of the contribution of /L-4 rs2243250
genotype to non-smoker lung cancer development needs
further investigations.

In conclusion, the T allele at the /L-4 rs2243250 promoter
polymorphic site was associated with lower lung cancer risk,
especially among patients that were females and non-
smokers.
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