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Abstract: Inflammation represents an important event which facilitates prostate carcinogenesis. 

Genetic variations in inflammatory response genes could affect the level and function of the 

protein products, resulting in the differential prostate cancer risk among carriers of different 

variants. This study attempted to investigate the association of IL-4 rs2243250, IL-6 rs10499563, 

IL-8 rs4073, as well as NFKBIA rs2233406 and rs3138053 polymorphisms with prostate cancer 

risk in the Chinese population. Genotyping of the polymorphisms was performed by using 

polymerase chain reaction-restriction fragment length polymorphism technique on 439 prostate 

cancer patients and 524 controls, and the association of each polymorphic genotype with prostate 

cancer risk was evaluated by using logistic regression analysis based on allele, heterozygous, 

and homozygous comparison models, with adjustment to age and smoking status. We showed 

that the C allele of IL-4 rs2243250 polymorphism could increase prostate cancer risk (heterozy-

gous comparison model: odds ratio [OR] =1.434, 95% confidence interval [CI] =1.092–1.881, 

P=0.009; homozygous comparison model: OR =2.301, 95% CI =1.402–3.775, P=0.001; 

allele comparison model: OR =1.509, 95% CI =1.228–1.853, P0.001). On the other hand, 

the C allele of rs10499563 polymorphism could decrease prostate cancer risk (heterozygous 

comparison model: OR =0.694, 95% CI =0.525–0.918, P=0.010; homozygous comparison 

model: OR =0.499, 95% CI =0.269–0.926, P=0.028; allele comparison model: OR =0.692, 

95% CI =0.553–0.867, P=0.001). No association was observed for the other polymorphisms. 

In conclusion, IL-4 rs2243250 and IL-6 rs10499563 polymorphisms could serve as potential 

predictive biomarkers for prostate cancer risk in the Chinese population.

Keywords: biomarkers, inflammation, logistic regression, polymorphisms, prostate 

neoplasm

Introduction
Prostate cancer is the second most common form of cancer in the world.1 Each year, 

there is an estimated 914,000 new cases of prostate cancer worldwide.1 In the People’s 

Republic of China, although the incidence of prostate cancer is comparatively lower 

than that in the Western countries, the occurrence of prostate cancer appears to be 

rapidly increasing in recent years.2 The age-standardized incidence rates of prostate 

cancer in the People’s Republic of China increased several folds between 1970s and 

late 1990s/early 2000s, that is, from 5.1/100,000 to 15/100,000 in Hong Kong and 

from 0.8/100,000 to 6.9/100,000 in Shanghai.3 The alarming rate of increase in prostate 

cancer incidences is a significant public health concern, as prostate cancer accounts 

for ~10% of cancer-related mortality in males.4

Despite the seriousness of the disease, the etiology of prostate cancer remains poorly 

understood. It is known, however, that interaction between genetic and environmental 
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factors contributes to the disease susceptibility.5 In recent 

years, inflammation has emerged as an important event 

which facilitates carcinogenesis.6 There is increasing epi-

demiological and biological evidence which suggests the 

role of chronic inflammation in the prostate, as a result of 

dysregulation of inflammatory response genes, in prostate 

carcinogenesis.7–11

Genetic variations, such as single-nucleotide polymor-

phisms (SNPs), could influence the transcriptional efficiency 

of a gene, as well as structure (and hence, function) of the 

protein product. Therefore, if genetic variations occur in 

inflammatory response genes, and if inflammation is a risk 

factor for prostate cancer, those variations which contribute to 

a high inflammatory level should be able to increase prostate 

cancer risk and vice versa. Several studies have suggested 

that although SNPs in low penetrance genes could influ-

ence the risk of prostate cancer modestly, they are highly 

prevalent in the general population compared to mutations 

in high penetrance genes.12–14 Therefore, many researchers 

have focused on identifying such polymorphic variants in the 

past decade.12–14 The effect of SNPs on cancer risk is known 

to differ across populations, and report on the association of 

SNPs in inflammatory response genes with prostate cancer 

risk in People’s Republic of China is currently scarce.

A few SNPs have been commonly implicated with the 

risk of prostate and/or other cancers. This includes the 

rs2243250 polymorphism of IL-4, rs10499563 polymorphism 

of IL-6, rs4073 polymorphism of IL-8, as well as rs2233406 

and rs3138053 polymorphisms of NFKBIA. Notably, these 

SNPs are all capable of influencing the transcriptional 

and/or translational activity of their respective genes. 

Interleukin-4 is a pleiotropic type I cytokine produced by 

T helper 2 cells, which plays an anti-inflammatory role and 

is also a potent inhibitor of angiogenesis.15 Interleukin-6 is 

a pro-inflammatory cytokine which also regulates several 

carcinogenic events such as apoptosis, angiogenesis, and cell 

proliferation. Interleukin-8 is a pro-inflammatory cytokine 

which has been implicated in a wide variety of carcinogenic 

processes, such as angiogenesis and invasion or metastasis 

of cancer. NFKBIA encodes for IκBα, a protein which 

serves as an absolute requirement to inactivate the NF-κB, 

a class of pleiotropic transcription factors which act as cen-

tral regulators in many carcinogenic pathways, including 

inflammation.16 Given the important role of these genes in 

the inflammatory pathway, we hypothesized that polymor-

phisms in these genes could influence prostate cancer risk. 

This study attempted to examine the association of rs2243250 

polymorphism of IL-4, rs10499563 polymorphism of IL-6, 

rs4073 polymorphism of IL-8, as well as rs2233406 and 

rs3138053 polymorphisms of NFKBIA with prostate cancer 

risk in the Chinese population. In addition, since age and 

tobacco smoking have been established as important risk 

factors of prostate cancer,17 we adjusted our odds ratio (OR) 

findings according to these parameters.

Materials and methods
Patients and controls
Between July 2010 and July 2013, 439 newly diagnosed 

prostate cancer patients were recruited from The First 

Affiliated Hospital of Nanchang University, Jiangxi, People’s 

Republic of China. Diagnosis of prostate cancer was done 

based on clinical, pathological, and laboratory tests by 

qualified physicians and laboratory personnel according 

to the established guideline of prostate cancer diagnosis. 

All patients had a prostate-specific antigen (PSA) level 

of 10  ng/mL and were without metastasis. In addition, 

524 male volunteers who visited the same hospital for 

general medical checkup (and were proven to be healthy 

and free from any medical conditions through the medical 

checkup) were recruited into the present study as controls 

without cancer. The controls were individuals with a PSA 

level of 2 ng/mL. The use of PSA level of 10 ng/mL in 

cases and of 2 ng/mL in controls served as a criterion to 

prevent false positivity and false negativity, respectively. 

All the subjects were self-described Han Chinese ethnicity 

and had no prior history of other cancers. Written informed 

consent was obtained from all participants at recruitment. 

The study was approved by the Medical Ethics Committee 

of Nanchang University.

Laboratory analysis
Peripheral blood was collected from all the participants, 

and DNA was isolated from the specimens obtained by 

using Tiangen DNA isolation kit (Tiangen Biotech, Beijing, 

People’s Republic of China). Briefly, 200 μL of blood sample 

was lysed with Proteinase K and Buffer GB, followed by 

precipitation of DNA using ethanol and further purification 

through the spin column by using the respective buffers 

supplied. The DNA was then eluted in Buffer TE. The DNA 

was used for genotyping of the five SNPs. All the SNPs were 

genotyped with polymerase chain reaction (PCR)-restriction 

fragment length polymorphism (RFLP) method, as summa-

rized in Table 1. All temperature controls (in both PCR and 

RFLP) were performed by using thermocycler. The sequence 

of the PCR primers and the restriction enzymes used were all 

obtained from the literature.18–21 For each SNP, ~20% of the 
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samples were chosen randomly and sequenced to reconfirm 

the genotypes. The concordance rate of the sequencing result 

and the result of PCR-RFLP genotyping was 99.9%.

Statistical analysis
SPSS (version 21.0) was used for all statistical analyses. The 

presence of significant difference between the mean ages 

of cases and controls was evaluated using Student’s t-test. 

Chi-square test was used to determine the difference in the 

smoking status, as well as the distribution of alleles and 

genotypes, of the cases and controls. Similarly, chi-square 

test was used to determine whether the distribution deviates 

from Hardy–Weinberg equilibrium. Multivariate logistic 

regression analysis (with adjustment to age and smoking 

status) was employed to evaluate the association of the 

genotypes and prostate cancer risk based on heterozygous 

and homozygous comparison models, with the wild-type 

genotype serving as the reference. OR of 1.00 indicated a 

positive risk association, and vice versa. P-values of 0.05 

were significant.

Results
General characteristics
The general characteristics of the subjects are listed in Table 2. 

The cases consisted of individuals aged between 48 and 

87 years, and the age range of controls was 42–85 years. 

The mean age of cases was 69.85±8.66, while the mean age 

of controls was 69.39±8.74. No significant difference was 

observed between the mean ages of both groups (P=0.420). 

For both cases and controls, the frequency of never smokers 

was slightly higher than ever smokers. In cases, 45.79% 

were ever smokers, and 54.21% were never smokers, while 

in controls, 44.08% were ever smokers, and 55.92% were 

never smokers. The difference in the distribution of ever and 

never smokers among cases and controls was not significant 

(P=0.597).

Distribution of alleles and genotypes
The distribution of alleles and genotypes of the five poly-

morphisms in cases and controls is shown in Table 3. For 

the IL-4 rs2243250 polymorphism, significant difference was 

observed between cases and controls in the distribution of 

TT and CC genotypes. TT genotype was overrepresented in 

controls group (P=0.001), while CC genotype was overrep-

resented in the cases group (P=0.005). Significant difference 

was also seen for the allele distribution, where the T allele 

was found at a higher frequency in controls than cases, and 

vice versa for C allele (P0.001). However, no significant 

difference was observed for the CT genotype (P=0.056). 

Table 1 PCR primer sequence, annealing temperature, and product size, as well as restriction enzyme used and band sizes obtained 
after digestion, for genotyping of the polymorphisms

SNP Primer sequence Annealing 
temperature (°C)

PCR product 
size (bp)

Restriction 
enzyme

Genotype (bp) References

rs2243250 5′-TAAACTTGGGAGAACATGGT-3′ 52 195 AvaII TT: 195 15

5′-TGGGGAAAGATAGAGTAATA-3′ CT: 195+176+19
CC: 176+19

rs10499563 5′-AGGGAAAGCAGGTTATCAAA-3′ 61 424 TaaI TT: 424 16

5′-AGTGGCTTCAGGGAGACTAA-3′ TC: 424+320+104
CC: 320+104

rs4073 5′-ATCTTGTTCTAACACCTGCCACTCT-3′ 59 121 MunI TT: 121 17

5′-TAAAATACTGAAGCTCCACAATTTGG-3′ TA: 121+82+39
AA: 82+39

rs2233406 5′-GGTCCTTAAGGTCCAATCG-3′ 62 200 BfaI CC: 180+20 18

5′-GTTGTGGATACCTTGCACTA-3′ CT: 200+180+20
TT: 200

rs3138053 5′-GGTCCTTAAGGTCCAATCG-3′ 62 200 TspRI AA: 200 18

5′-GTTGTGGATACCTTGCACTA-3′ AG: 200+129+71
GG: 129+71

Abbreviations: PCR, polymerase chain reaction; SNP, single-nucleotide polymorphism.

Table 2 General characteristics of the subjects

Characteristics Case (n=439) Control (n=524) P-value

Age, years 0.420
Mean ± SD 69.85±8.66 69.39±8.74
Range 48–87 42–85

Smoking status 0.597
Ever smokers 201 (45.79%) 231 (44.08%)
Never smokers 238 (54.21%) 293 (55.92%)

Abbreviation: SD, standard deviation.
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On the other hand, for the IL-6 rs10499563 polymorphism, 

overrepresentation of the TT genotype was observed in cases 

(P=0.003), and the TC genotype was overrepresented in con-

trols (P=0.025). Although the prevalence of CC genotype was 

higher in controls, the difference was not statistically signifi-

cant (P=0.065). In terms of allele frequency, the distribution 

of T and C genotypes was statistically significantly different 

between cases and controls, with a P-value of 0.001.

For the other three polymorphisms, no statistically sig-

nificant difference was observed between cases and controls 

in the allelic and genotypic distributions. For IL-8 rs4073 

polymorphism, the TT genotype was slightly overrepresented 

in cases (P=0.274), and the AA genotype was observed in a 

slightly higher frequency in controls (P=0.182). The frequency 

of the TA heterozygous genotypes was almost identical in 

cases and controls, with a P-value of 0.996. The frequency 

of T and A alleles was not significantly different between 

cases and controls (P=0.134). For NFKBIA rs2233406 and 

rs3138053 polymorphisms, the frequency of homozygous 

wild-type genotype (CC and AA, respectively) was higher in 

controls, while that of the heterozygous (CT and AG, respec-

tively) and homozygous variant (TT and GG, respectively) 

was higher in controls. However, the difference did not reach 

statistical significance. For NFKBIA rs2233406, the P-values 

for CC, CT, and TT genotypes were 0.170, 0.342, and 0.209, 

respectively, while for NFKBIA rs3138053, the P-values for 

AA, AG, and GG genotypes were 0.443, 0.529, and 0.551, 

respectively. The differences in allele distribution were also 

not statistically significant (P=0.104 for NFKBIA rs2233406 

and P=0.406 for NFKBIA rs3138053).

For all polymorphisms, the distribution of genotypes did 

not deviate significantly from Hardy–Weinberg equilibrium 

(P0.05) (Table 3).

Risk association
Table 4 shows the association between the five polymor-

phisms and prostate cancer risk in the population studied. 

For IL-4 rs2243250 polymorphism, a significantly increased 

Table 3 Genotype and allele distribution of the five polymorphisms, as well as Hardy–Weinberg equilibrium of the controls

Case (n=439), n (%) Control (n=524), n (%) P-valuea HWEcontrol

rs2243250
TT 222 (50.6) 322 (61.5) 0.001 χ2=0.810
TC 171 (39.0) 173 (33.0) 0.056 P=0.360
CC 46 (10.5) 29 (5.5) 0.005
T allele 615 (70.0) 817 (78.0) 0.001
C allele 263 (30.0) 231 (22.0)

rs10499563
TT 301 (68.6) 310 (59.2) 0.003 χ2=0.891
TC 122 (28.0) 181 (34.5) 0.025 P=0.345
CC 16 (3.6) 33 (6.3) 0.065
T allele 724 (82.5) 801 (76.4) 0.001
C allele 154 (17.5) 247 (23.6)

rs4073
TT 164 (37.4) 178 (34.0) 0.274 χ2=2.306
TA 201 (45.8) 240 (45.8) 0.996 P=0.129
AA 74 (16.9) 106 (20.2) 0.182
T allele 529 (60.3) 596 (56.9)

0.134
A allele 349 (39.7) 452 (43.1)

rs2233406
CC 319 (72.7) 401 (76.5) 0.170 χ2=0.379
CT 106 (24.1) 113 (21.6) 0.342 P=0.538
TT 14 (3.2) 10 (1.9) 0.209
C allele 744 (84.7) 915 (87.3)

0.104
T allele 134 (15.3) 133 (12.7)

rs3138053
AA 324 (73.8) 398 (76.0) 0.443 χ2=1.621
AG 109 (24.8) 121 (23.1) 0.529 P=0.203
GG 6 (1.4) 5 (1.00) 0.551
A allele 757 (86.2) 917 (87.5)

0.406
G allele 121 (13.8) 131 (12.5)

Notes: aSignificant at P0.05. Data in bold indicates statistical significance.
Abbreviation: HWEcontrol, Hardy-Weinberg equilibrium in controls.
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prostate cancer risk was observed in the heterozygous com-

parison model (TC vs TT) and homozygous comparison 

model (CC vs TT), after adjustment to age and smoking 

status. In heterozygous comparison model, the adjusted OR 

was 1.430 (95% confidence interval [CI]: 1.085–1.877), 

with a P-value of 0.010. On the other hand, in homozy-

gous comparison model, the adjusted OR was 2.239 (95% 

CI =1.397–3.763, P=0.001). In allele comparison model, 

the C allele was shown to result in an increased risk with an 

adjusted OR of 1.509 (95% CI =1.228–1.853, P0.001).

Similarly, for IL-6 rs10499563 polymorphism, significant 

risk association was observed in the heterozygous (TC vs TT) 

and homozygous comparison (CC vs TT) models. However, 

rather than an increased risk association, IL-6 rs10499563 

polymorphism showed a reduced prostate cancer risk in 

the three comparison models. In heterozygous comparison 

model, the adjusted OR was 0.696 (95% CI =0.526–0.920, 

P=0.011), while a greater risk reduction was observed 

in the homozygous comparison model (OR =0.504, 95% 

CI =0.272–0.936, P=0.030). Besides, in allele comparison 

model, the C allele showed an adjusted OR of 0.692 (95% 

CI =0.553–0.867, P=0.001).

Statistically significant prostate cancer risk association 

was not found for the IL-8 rs4073, NFKBIA rs2233406, and 

NFKBIA rs3138053 polymorphisms in all the three compari-

son models investigated (P0.05).

Discussion
Chronic inflammation has long been thought of as an impor-

tant risk factor for cancer development.6 The present study 

hypothesized that genetic variations such as SNPs in inflam-

matory response genes could play a role in influencing the 

overall inflammatory levels in their carriers, thus conferring 

them either a risk for, or protection against, prostate cancer. 

We studied SNPs in the IL-4, IL-6, IL-8, and NFKBIA genes 

and established the relationship between these polymor-

phisms and prostate cancer risk in the Chinese population.

We showed that the C allele of IL-4 rs2243250 polymor-

phism could increase the risk of prostate cancer. The IL-4 

rs2243250 polymorphism is located within a transcription 

factor-binding site of the gene, which could influence its 

affinity toward its transcriptional activator, thereby influ-

encing its transcriptional activity.22 Several studies have 

demonstrated that the C allele of the polymorphism has a 

lower transcriptional activity compared to the T allele.23,24 

Therefore, the C allele could result in a low-level produc-

tion of the anti-inflammatory cytokine, which in turn caused 

the inefficient inflammation inhibitory function, leading to 

an increased risk of prostate cancer, as in the case of our 

observation in this study.

In addition, we also demonstrated a reduction in prostate 

cancer risk by the C allele of the rs10499563 polymorphism 

of IL-6. In fact, the role of IL-6 in prostate cancer has been 

firmly established. It has been shown that IL-6 could pro-

mote epithelial–mesenchymal transition and can lead to the 

malignant transformation of prostate cells.25 It has also been 

observed that high levels of IL-6 and its receptors are pro-

duced by cancerous cells of the prostate.26 The C allele of 

the IL-6 rs10499563 polymorphism has been shown to be 

associated with a decreased IL-6 concentration, and therefore 

Table 4 Association of the polymorphisms and prostate cancer risk based on heterozygous, homozygous, and allele comparison 
models

SNP Comparison model Odds ratio (95% CI)a P-valueb

rs2243250 Heterozygous comparison (TC vs TT) 1.430 (1.085, 1.877) 0.010
Homozygous comparison (CC vs TT) 2.293 (1.397, 3.763) 0.001
Allele comparison (C vs T) 1.509 (1.228, 1.853) 0.001

rs10499563 Heterozygous comparison (TC vs TT) 0.696 (0.526, 0.920) 0.011
Homozygous comparison (CC vs TT) 0.504 (0.272, 0.936) 0.030
Allele comparison (C vs T) 0.692 (0.553, 0.867) 0.001

rs4073 Heterozygous comparison (TA vs TT) 0.912 (0.687, 1.211) 0.523
Homozygous comparison (AA vs TT) 0.762 (0.529, 1.098) 0.145
Allele comparison (A vs T) 0.873 (0.727, 1.047) 0.143

rs2233406 Heterozygous comparison (CT vs CC) 1.188 (0.877, 1.610) 0.265
Homozygous comparison (TT vs CC) 1.762 (0.772, 4.021) 0.179
Allele comparison (T vs C) 1.246 (0.962, 1.614) 0.096

rs3138053 Heterozygous comparison (AG vs AA) 1.121 (0.832, 1.512) 0.452
Homozygous comparison (GG vs AA) 1.501 (0.453, 4.973) 0.507
Allele comparison (G vs A) 1.132 (0.868, 1.476) 0.361

Notes: aSignificant at P0.05. bAdjusted to age and smoking status.
Abbreviations: SNP, single-nucleotide polymorphism; CI, confidence interval.
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an overall decreased inflammatory level.27 This could be the 

reason why the C allele was observed to reduce the risk of 

prostate cancer in our study.

The rs4073 polymorphism of the IL-8 gene has been found 

to alter the transcriptional activity of the gene.28 However, 

we failed to find any association between the rs4073 poly-

morphism of IL-8 and prostate cancer risk in our study. This 

finding contradicted with that reported in a recent systematic 

review and meta-analysis, which showed that the A allele 

could reduce prostate cancer risk.29 The disparity of these 

findings could be due to the different population investigated 

in our study and those included in the meta-analysis.

In addition, we found no association of the two NFKBIA 

polymorphisms, rs2233406 and rs3138053, with prostate 

cancer risk. It has been shown that the variant alleles of 

NFKBIA rs2233406 and rs3138053 polymorphisms were 

associated with a decreased promoter activity of NFKBIA.30 

As such, the polymorphisms have been reported to be associ-

ated with several cancers.21,31,32 However, no study has been 

performed previously to evaluate the association between the 

two NFKBIA polymorphisms and prostate cancer risk. Our 

study provides the first evidence of the lack of association 

between two NFKBIA polymorphisms and prostate cancer 

risk in the Chinese population.

In conclusion, our study demonstrated that the variant 

allele of rs2243250 of IL-4 and rs10499563 of IL-6 was 

associated with increased and decreased prostate cancer 

risk, respectively, in the Chinese population. No association 

was observed between rs4073 of IL-8, as well as rs2233406 

and rs3138053 of NFKBIA, and prostate cancer risk in the 

population. However, studies with a larger sample size are 

required to confirm our findings.
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