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with the risk of clear cell renal cell carcinoma in  
Chinese population
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Abstract: Background: Interleukin-8 (IL-8) is an angiogenic chemokine that plays a potent role in both development 
and progression of many human malignancies. However, there are no data about the role of IL-8 polymorphism 
in development of RCC. Patients and methods: A hospital-based case-control study was conducted among 520 
patients with RCC and 520 healthy controls to investigate the possible association between the IL-8-251A/T and 
+781C/T polymorphisms respectively, and the risk of RCC. Results: Significant differences of genotype distribution 
were observed between RCC cases and controls at the IL-8-251T/A genotypes. Compared with the IL-8-251T/A 
homozygote TT, the heterozygous TA genotype was associated with significantly increased risk for RCC (OR = 1.83, 
95% CI = 1.23-3.95, P = 0.019); the AA genotype was associated with increased risk for RCC (OR = 1.88, 95% CI = 
1.29-3.68, P = 0.015). TA and AA combined variants were associated with increased risk for RCC compared with the 
TT genotype (OR = 1.85, 95% CI = 1.24-3.81, P = 0.018). Moreover, the genotype AA of IL-8-251T/A carried a higher 
risk of RCC metastasis and later stages, compared with the TT genotype. However, the genotype and allele frequen-
cies of IL-8+781C/T polymorphisms in RCC patients were not significantly different from controls. Conclusion: Our 
results showed that the IL-8-251A/T genotype was associated with increased risk for development and metastasis 
of RCC in Chinese Han population. 
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Introduction

Renal cell carcinoma (RCC) represents 2-3% of 
all cancers and is the third leading cause of 
death among genitourinary malignancies, with 
the highest incidence occurring in the devel-
oped countries [1]. It is estimated that approxi-
mately 37.7 men and 16.6 women per 100000 
Chinese individuals are diagnosed with RCC 
every year [2]. Accumulative epidemiological 
studies have suggested that cigarette smoking, 
gender, obesity and a history of hypertension, 
along with some other less certain factors, 
such as alcohol consumption, occupational 
exposures, physical activity and family history 
of cancer, are associated with RCC [3-5].

Although the exact etiology of RCC remains 
unclear, studies have shown that it involves 
environmental and genetic factors. Molecular 

epidemiology studies suggested that single 
nucleotide polymorphisms (SNPs) in specific 
genes and pathways may play an important role 
in the pathogenesis of RCC. Interleukin-8 (IL8) 
is a member of the CXC chemokine family [6]. It 
is a major mediator of inflammation, acting as  
a chemoattractant for neutrophils, basophils 
and T-cells, and is a potent angiogenic factor 
[7]. IL-8 is encoded by the IL-8 gene which was 
localized to 4q12-q13, consisting of four exons, 
three introns, and the proximal promoter region 
[8]. The IL-8 gene polymorphisms at positions 
-251 (rs4073) and +781 (rs2227306) are 
known to affect IL-8 expression [9-11].

Previous studies have revealed that SNPs of the 
IL-8 gene were associated with several diseas-
es, such as respiratory syncytial virus bronchiol-
itis, acute respiratory distress syndrome and 
gastric cancer [12, 13]. To the best of our knowl-
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Biosystems, Foster City, CA). For quality control, 
genotyping was repeated randomly in at least 
5% of the samples, and two of the authors inde-
pendently reviewed all results. PCR reactions 
were carried out in a total volume 10 μl contain-
ing 20 ng of genomic DNA, 0.25 mM of each 
Dntp (Ecogen, Biologia Molecular S.L.), 0.2 
units of Taq polymerase (Biotools, Inc.) and 2.5 
pmol of each primer in a 1×PCR buffer (Sigma-
Aldrich Co.). The details of the primers and PCR 
conditions used for the amplification of IL-8 are 
shown in Table 2.

Statistical analysis

We used χ2 test (for categorical variables) or 
Student’s t-test (for continuous variables) to 
evaluate the frequency distributions of select-
ed demographic variables and each allele and 
genotype of SNPs between the cases and con-
trols. Similarly, the Hardy-Weinberg equilibrium 

edge, no reports have been published regard-
ing the role of the IL-8 polymorphism in RCC. 
The aim of our study was to investigate the pos-
sible association between the polymorphisms 
of IL-8-251 (rs4073) and +781 (rs2227306) 
and risk of RCC in Chinese Han population.

Material & methods

Study population

The case-control study included 520 histopath-
ologically confirmed clear cell RCC patients and 
520 cancer-free controls. Consecutive RCC 
patients were recruited between May 2004 
and September 2010 at Tianjin Medical 
University General Hospital. The control group 
comprised 520 healthy volunteers for the gen-
eral health checkup in our hospital during the 
same period. All the healthy controls had been 
under the health screening, and their clinical 

characteristics were matched to the sex 
and age distribution with the cases, as 
outlined in Table 1. After signed informed 
consent was obtained from all individu-
als, each subjects donated 5 ml blood 
used for genomic DNA extraction. Each 
participant was interviewed using a stan-
dard questionnaire by a trained nurse, to 
collect medical histories, demographic 
characteristics. The present study was 
performed with strict protocol under the 
Ethics Committee of Tianjin Medical 
University General Hospital. All the speci-
mens we recruited were of Chinese Han 
ethnicity and were filtered based on their 
clinical characteristics. Before the assay, 
we obtained a written informed consent 
from each participant in our study.

DNA extraction and genotyping

The polymorphisms in the promoters  
of the IL-8 genes analyzed in this study 
are shown in Table 2. The polymerase 
chain reaction (PCR) combined with the 
restriction fragment length polymor-
phism (RFLP) was used to determine the 
IL-8 genotypes. Genomic DNA was iso-
lated from leukocytes of venous blood by 
proteinase K digestion and phenol/chlo-
roform extraction. Genotyping of these 
six polymorphisms were all conducted 
with the MGB TaqMan Probe Assay 
(7900 HT Real-Time PCR System, Applied 

Table 1. Distribution of selected variables between the 
renal cell carcinoma cases and control subjects 

Characteristics Cases (%)  
N = 520

Controls (%)  
N = 520 P value*

Mean Age(years) 61.5 (± 13.3) 59.7 (± 12.4) 0.316
    ≤ 60 282 (54.2) 303 (58.3)
    ﹥ 60 238 (45.8) 217 (41.7)
Gender 0.249
    Male 367 (70.6) 345 (66.3)
    Female 153 (29.4) 175 (33.7)
BMI, kg/m2 25.5 (± 3.3) 24.6 (± 3.8) 0.315
    ≤ 25 245 (47.1) 224 (43.1)
    ﹥ 25 275 (52.9) 296 (56.9)
Smoking status 0.221
    Never  278 (53.5) 296 (56.9)
    Ever  242 (46.5) 224 (43.1)
Drinking status 0.303
    Never  395 (76.0) 358 (68.8)
    Ever  125 (24.0) 162 (31.2)
Stage
    Localized (I + II) 408 (78.5)
    Advanced (III + IV) 112 (21.5)
Grade
    Well (I + II) 385 (74.0)
    Moderately (III) 89 (17.1)
    Poorly (IV) 46 (8.9)
Student’s t-test for age and BMI distributions between cases and 
controls. Two-sided χ2 test for the frequency distribution of selected 
variables between renal cell carcinoma cases and cancer-free con-
trols. SD, standard deviation; BMI, body mass index.
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The genotype and allele frequencies of the IL-8-
251T/A (rs4073) and IL-8+781C/T (rs2227306) 
polymorphisms for all the studied variations are 
shown in Table 3. All genotype frequencies of 
the control group conformed to the Hardy-
Weinberg equilibrium. 

There were significant differences in the geno-
type and allele frequencies of IL-8-251T/A 
(rs4073) genotypes between RCC cases and 
controls. Compared with the IL-8 rs4073 homo-
zygote TT, the heterozygous TA genotype was 
associated with significantly increased risk for 
RCC (OR = 1.83, 95% CI = (1.23-3.95), P = 
0.019); the AA genotype was associated with 
increased risk for RCC (OR = 1.88, 95% CI = 
1.29-3.68, P = 0.015). TA and AA combined 
variants were associated with increased risk 
for RCC compared with the TT genotype (OR = 
1.85, 95% CI = 1.24-3.81, P = 0.018). However, 
the genotype and allele frequencies of IL-8 
rs2227306 polymorphisms in RCC patients 
were not significantly different from controls (P 
﹥ 0.05) as shown in Table 3. 

(HWE) of each subject was examined by im- 
plying a two-sided chi-square (χ2) test which 
was performed by comparison of observed  
and expected genotype frequencies. The IL-8-
251A/T and +781C/T polymorphisms geno-
types related RCC risk was assessed by odds 
ratio (OR) and their corresponding respective 
confidence intervals 95% (CIs) value of the 
logistic regression, for both combined and 
respective genotype. We managed all the sta-
tistical analysis with the SPSS software version 
19.0. A two-sided P value less than 0.05 was 
considered to be statistically significant for all 
the analyses.

Results

Characteristics of the study population

This study included 520 RCC patients and 520 
healthy controls, their age, gender, BMI, smok-
ing status, drinking status, stage and grade 
were summarized in Table 1. The mean age (± 
SD) for case and control groups was 61.5 (13.3) 
and 59.7 (12.4) years, respectively. Our study 

included 520 RCC cases, 
including 367 males and 
153 females, and 520 heal- 
thy controls, including 345 
males and 175 females.  
No significant difference 
was detected in the age 
and gender distribution 
between two groups (P ﹥ 
0.05). Regarding the clini-
cal stage, 78.5% of patients 
were in stage I and II, and 
21.5% were in stage III and 
IV. The control population 
was consistent with the 
Hardy-Weinberg Equilibrium 
(HWE) for the poly-mor-
phisms in IL-8-251A/T and 
+781C/T. 

Distributions of IL-8-251A/T 
and +781C/T genotypes 
and risk of RCC

Table 2. Details of PCR Primer sequences and RFLPs conditions in our study
Gene Polymorphism SNP ID Primer sequence PCR Conditions
IL-8 -251T/A rs4073 F: TCATCCATGATCTTGTTCTAA

R: GGAAAACGCTGTAGGTCAGA
35 cycles: 95°C 40 s, 54°C 40 s, 72°C 60 s

IL-8 +781C/T rs2227306 F: CTCTAACTCTTTATATAAGGAATT
R: GATTGATTTTATCAACAGGCA

35 cycles: 94°C 180 s, 62°C 30 s, 72°C 30 s

Table 3. Interaction analyses of the two SNP (-251T/A [rs4073], 
+781C/T [rs2227306]) of IL-8 gene polymorphisms to predict renal 
cell carcinoma risk

Polymorphisms Cases (N = 
520) (%)

Controls (N 
= 520) (%) OR (95% CI) P-value*

-251T/A rs4073
    TT 286 (55.0) 328 (63.1) 1
    TA 130 (25.0) 104 (20.0) 1.83 (1.23-3.95) 0.019*
    AA 104 (20.0) 88 (16.9) 1.88 (1.29-3.68) 0.015*
    TA+AA 234 (45.0) 192 (36.9) 1.85 (1.24-3.81) 0.018*
    T 702 (67.5) 760 (73.1) 1
    A 338 (32.5) 280 (26.9) 1.92 (1.25-4.51) 0.013*
+781C/T rs2227306
    CC 237 (45.3) 255 (47.4) 1
    CT 213 (47.4) 190 (46.3) 1.30 (0.82-3.63) 0.241
    TT 70 (7.3) 75 (6.3) 1.45 (0.89-3.36) 0.282
    CT+TT 283 (54.7) 265 (52.6) 1.67 (0.87-3.41) 0.169
    C 687 (68.9) 700 (70.5) 1
    T 353 (31.1) 340 (29.5 ) 1.46 (1.19-.3.41) 0.155
OR, odds ratio; CI, confidence interval. *Bold numbers indicate that the P-value is < 
0.05.
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C/T) as a risk factor for RCC and found that IL-8 
rs4073 genotype variations do influence sus-
ceptibility to RCC development and metastasis 
in the Chinese Han population. 

RCC is a common malignant tumor, which exists 
widely in the bone of children and adolescents 
[14]. It aroused people’s concern universally 
owing to its highly malignant, facilely reversion, 
and readily metastases [15]. Up to now, inaugu-
ral mechanism of RCC was considered as a 
complex process and was not clear, but it was 
universally acknowledged that environment 
carcinogens could induce genomic polymor-
phism, such as oxidative stress, drinking, smok-
ing, and ionizing radiation [16]. Interleukin-8, a 
member of the chemokine family, is produced 
by a wide range of normal cells including mono-
cytes, neutrophils, fibroblasts, and endothelial 
cells, as well as by several types of tumor cells 
[17]. It was originally described as a chemoat-
tractant for neutrophils and lymphocytes [18] 
and recently linked to cancer progression 
through its functions as mitogenic, motogenic, 
and angiogenic factor [13]. Recent studies 
revealed that IL-8 is overexpressed in a range 
of human cancers including nasopharyngeal 
[19], breast [20], and gastric cancers [21] and 
may, thus, constitute a risk factor in the devel-
opment of solid tumors.

In agreement with our findings, several studies 
reported a relationship between the IL-8-251 

Distributions of IL-8-251A/T and +781C/T gen-
otypes and clinicopathological characteristics

The relationships between the IL-8-251A/T  
and +781C/T genotypes polymorphisms and 
clinicopathological parameters were calculat-
ed. The results are given in Table 4. For IL-8-
251T/A rs4073, the genotype AA frequency in 
tumor metastasis patients was greater com-
pared to patients without tumor metastasis, 
and the difference in frequency distribution 
between genotypes reached significance (P = 
0.032). The similar result was fond with respect 
to grade No significant difference was observed 
with respect to age, gender and the IL-8 rs4073 
genotypes. For IL-8+781C/T rs2227306, there 
are no any obvious differences in the relations 
between their age, gender, BMI, smoking sta-
tus, drinking status, stage and grade respec-
tively, and IL-8 rs2227306 genotypes.

Discussion

In current hospital based case-control study, 
we assessed the association between the poly-
morphisms of two SNPs of IL-8 (rs4073-251T/A, 
rs2227306+781C/T) and risk of RCC in Chinese 
Han population and found the significant asso-
ciation between IL-8 rs4073-251T/A polymor-
phisms and risk of RCC. The genotype and 
allele distribution of polymorphisms rs4073-
251T/A of IL-8 genotypes were significantly dif-
ferent between case and control groups, indi-

cating that rs4073-251T/A 
of IL-8 might be related to 
RCC development. 

Moreover, our results sh- 
owed the genotype AA  
frequency of IL-8-251T/A 
rs4073 in tumor metasta-
sis patients was greater 
compared to patients with-
out tumor metastasis. 
These results indicated 
that the genotype AA of 
IL-8-251T/A carried a high-
er risk of RCC metastasis 
and later stages, com-
pared with the TT geno-
type. To the best of our 
knowledge, our study is the 
first report to describe the 
possible role of two poly-
morphisms of IL-8 (rs4073 
-251T/A, rs2227306 +781- 

Table 4. Association between IL-8 gene polymorphism (-251T/A, 
+781C/T) and clinicopathologic characteristics of renal cell carci-
noma

Genotypes Variable n
-251T/A rs4073 +781C/T rs2227306

TT TA AA P value CC CT TT P value
Age (years) 286 130 104 237 213 70
    ≤ 60 280 125 89 66 0.132 107 131 43 0. 231
    ﹥ 60   238 161 107 38 130 115 27
Gender
    Male 367 215 103 49 0.249 205 93 49 0. 408
    Female 153 71 27 55 81 32 25
Stage
    Localized (I + II) 408 249 84 75 0.032* 215 83 49 0.362
    Advanced (III + IV) 112 37 46 29 71 42 25
Grade
    Well (I + II) 385 237 69 79 0.029* 171 168 46 0.142
    Moderately (III) 89 41 35 13 41 32 16
    Poorly (IV) 46 8 26 12 25 13 8
*Student’s t-test and the chi-square (χ2) test, P < 0.05.
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(T/A) gene polymorphism and human cancer. 
This polymorphism is associated with a high 
risk of occurrence of gastric cancer, a strong 
neutrophil infiltration, an increased risk of 
lymph node metastasis and a poor differentia-
tion of tumors [18]. The IL-8 (-251) A allele was 
also associated with a higher risk of prostate 
cancer [22], colorectal cancer [23], and oral 
squamous cell carcinoma [24]. There is now 
compelling evidence that these correlations 
are the result of increased levels of IL-8 protein, 
which may impact cancer development via reg-
ulation of immune responses and pathways of 
tumor angiogenesis and cancer progression 
[24]. IL-8 is also an important chemoattractant, 
involved in the activation and migration of lym-
phocytes and neutrophils into tissues and, 
thereby, is a major contributing factor involved 
in the initiation and amplification of the inflam-
matory response [18].

In spite of interesting findings on the associa-
tion of IL-8 polymorphisms with RCC risk, there 
were several limitations that need to be 
addressed regarding the present study. We did 
not collect lifestyle data for individual partici-
pants, e.g. on local environmental factors, diet, 
or level of physical activity, which potentially 
could interact with genetic variations in influ-
encing overall risk of developing RCC. Besides, 
the relative small sample size might hide some 
weak gene-disease association and gene-envi-
ronment interactions. Studies need to be per-
formed in larger study groups to confirm our 
preliminary results.

In conclusion, our study provided the evidence 
of association between the polymorphisms of 
IL-8-251 rs4073 and +781 rs2227306 and the 
risk of RCC and found the IL-8-251A/T geno-
type was associated with increased risk for 
development and metastasis of RCC in Chinese 
Han population. Because this is the first report 
concerning the IL-8 polymorphism and the risk 
of RCC in the literature, studies with larger sam-
ple size and further investigations into the 
mechanism are warranted to clarify and vali-
date the role of IL-8 polymorphisms in RCC 
carcinogenesis. 

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shu-Zhi Feng, De- 
partment of Geriatrics, Tianjin Geriatrics Institute, 

Tianjin Medical University General Hospital, 154 
Anshan Road, Heping District, Tianjin 300052, 
China. Tel: +86 2260363393; E-mail: fengmeongd- 
1106@sina.com

References

[1] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-
Tieulent J, Jemal A. Global cancer statistics, 
2012. CA Cancer J Clin 2015; 65: 87-108.

[2] Yang L, Parkin DM, Ferlay J, Li L, Chen Y. 
Estimates of cancer incidence in China for 
2000 and projections for 2005. Cancer 
Epidemiol Biomarkers Prev 2005; 14: 243-50.

[3] Lipworth L, Tarone RE, McLaughlin JK. The epi-
demiology of renal cell carcinoma. J Urol 2006; 
176: 2353-8.

[4] Setiawan VW, Stram DO, Nomura AM, Kolonel 
LN, Henderson BE. Risk factors for renal cell 
cancer: the multiethnic cohort. Am J Epidemiol 
2007; 166: 932-40.

[5] Barbisan G, Perez LO, Contreras A, Golijow CD. 
TNF-α and IL-10 promoter polymorphisms, HPV 
infection, and cervical cancer risk. Tumour Biol 
2012; 33: 1549-56.

[6] Hull J, Ackerman H, Isles K, Usen S, Pinder M, 
Thomson A, Kwiatkowski D. Unusual hap-lotyp-
ic structure of IL8, a susceptibility locus for a 
common respiratory virus. Am J Hum Genet 
2001; 69: 413-9.

[7] Rizzo A, Losacco A, Carratelli CR. Lactobacillus 
crispatus modulates epithelial cell defense 
against Candida albicans through Toll-like re-
ceptors 2 and 4, interleukin 8 and human be-
ta-defensins 2 and 3. Immunol Lett 2013; 
156: 102-9.

[8] Mukaida N, Shiroo M, Matsushima K. Genomic 
structure of the humanmonocyte-derived neu-
trophil chemotactic factor IL-8. J Immunol 
1989; 143: 1366-71.

[9] Fey MF, Tobler A. An interleukin-8 (IL-8) cDNA 
clone identifies a frequent HindIII polymor-
phism. Hum Genet 1993; 91: 298.

[10] Hacking D, Knight JC, Rockett K, Brown H, 
Frampton J, Kwiatkowski DP, Hull J, Udalova IA. 
Increased in vivo transcription of an IL-8 haplo-
type associated with respiratory syncytial virus 
disease-susceptibility. Genes Immun 2004; 5: 
274-82.

[11] Ohyauchi M, Imatani A, Yonechi M, Asano N, 
Miura A, Iijima K, Koike T, Sekine H, Ohara S, 
Shimosegawa T. The poly-morphism interleu-
kin 8-251 A/T influences the susceptibility of 
Helicobacter pylori related gastric diseases in 
the Japanese population. Gut 2005; 54: 330-
5.

[12] Hull J, Thomson A, Kwiatkowski D. Association 
of respiratory syncytial virus bronchiolitis with 

mailto:fengmeongd1106@sina.com
mailto:fengmeongd1106@sina.com


Interleukin 8-251 A/T and the risk of RCC

2312 Int J Clin Exp Pathol 2016;9(2):2307-2312

the interleukin 8 gene region in UK families. 
Thorax 2000; 55: 1023-7.

[13] Taguchi A, Ohmiya N, Shirai K, Mabuchi N, Itoh 
A, Hirooka Y, Niwa Y, Goto H. Interleukin-8 pro-
moter polymorphism increases the risk of atro-
phic gastritis and gastric cancer in Japan. 
Cancer Epidemiol Biomarkers Prev 2005; 14: 
2487-93.

[14] Boerman I, Selvarajah GT, Nielen M, Kirpen- 
steijn J. Prognostic factors in canine appen-
dicular RCC-a meta-analysis. BMC Vet Res 
2012; 8: 56.

[15] Jones KB, Salah Z, Del Mare S, Galasso M, 
Gaudio E, Nuovo GJ, Lovat F, LeBlanc K, 
Palatini J, Randall RL, Volinia S, Stein GS, 
Croce CM, Lian JB, Aqeilan RI. miRNA signa-
tures associate with pathogenesis and pro-
gression of RCC. Cancer Res 2012; 72: 1865-
77.

[16] Teng JW, Yang ZM, Li J, Xu B. Predictive role of 
glutathione Stransferases (GSTs) on the prog-
nosis of RCC patients treated with chemother-
apy. Pak J Med Sci 2013; 29: 1182-6.

[17] Hongyan D, Boon-Huat B, Ratha M, Malini O. 
Endogenous expression of interleukin-8 and 
interleukin-10 in nasopharyngeal carcinoma 
cells and the effect of photodynamic therapy. 
Int J Mol Med 2002; 10: 73.

[18] Xie K. Interleukin-8 and human cancer biology. 
Cytokine Growth F R 2001; 12: 375.

[19] Beck A, Pazolt D, Grabenbauer GG, Nicholls 
JM, Herbst H, Young LS, Niedobitek G. 
Expression of cytokine and chemokine genes 
in Epstein-Barr virus associated nasopharyn-
geal carcinoma: comparison with Hodgkin’s 
disease. J Pathol 2001; 194: 145.

[20] Yokoe T, Iino Y, Morishita Y. Trends of IL-6 and 
IL-8 levels in patients with recurrent breast 
cancer: preliminary report. Breast Cancer 
2000; 7: 187.

[21] Kitadai Y, Haruma K, Sumii K, Yamamoto S, Ue 
T, Yokozaki H, Yasui W, Ohmoto Y, Kajiyama G, 
Fidler IJ, Tahara E. Expression of interleukin-8 
correlates with vascularity in human gastric 
carcinomas. Am J Pathol 1998; 152: 93.

[22] McCarron SL, Edwards S, Evans PR, Gibbs R, 
Dearnaley DP, Dowe A, Southgate C, Easton 
DF, Eeles RA, Howell WM. Influence of cytokine 
gene polymorphisms on the development of 
prostate cancer. Cancer Res 2002; 62: 3369.

[23] Landi S, Moreno V, Gioia-Patricola L, Guino E, 
Navarro M, de Oca J, Capella G, Canzian F; 
Bellvitge Colorectal Cancer Study Group. 
Association of common polymorphisms in in-
flammatory genes interleukin IL6, IL8, tumor 
necrosis factor, NFKB1, and peroxisome prolif-
erator-activated receptor- with colorectal can-
cer. Cancer Res 2003; 63: 3560.

[24] Vairaktaris E, Yapijakis C, Serefoglou Z, Derka 
S, Vassiliou S, Nkenke E, Vylliotis A, Wiltfang J, 
Avgoustidis D, Critselis E, Neukam FW, 
Patsouris E. The interleukin-8 (-251 A/T) poly-
morphism is associated with increased risk for 
oral squamous cell carcinoma. Eur J Surg 
Oncol 2007; 33: 504. 


