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Abstract

This study was designed to investigate the association of the IL-8-251 T> A gene polymorphism
with clinicopathological features and the prognostic role of the gene polymorphism in patients
with gastric adenocarcinoma. The gene polymorphism was detected by the polymerase chain
reaction-restriction fragment length polymorphism method, followed by univariate and
multivariate analyses to elicit its prognostic role. The frequency of IL-8-251 A/A, A/T and T/T
genotypes were 11.0% (23/210), 43.8% (92/210) and 45.2% (95/210), respectively. The IL-8-251
gene polymorphism was closely correlated with depth of invasion (p=0.007), grade of
differentiation (p=0.002) and TNM stage (p=0.009). A/A genotype carriers showed more
frequency of serosa involvement, low grade of differentiation and advanced stage of gastric
carcinoma. IL-8-251T>A gene polymorphism have no significant correlation with other
clinicopathological features. The 5-year overall survival of IL-8-251 A/A genotype and T allele
carriers were 30.8% and 59.2%, respectively. There is a significant discrepancy among the
different genotype carriers. Multivariate analysis with the Cox regression model revealed that
the IL-8-251 A/A genotype is an independent prognostic indicator (HR = 2.285, 95% Confidence
Interval = 1.06-4.93, p=0.035). We conclude that the IL-8-251 A/A genotype may indicate a
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poor prognosis for gastric adenocarcinoma patients.

Introduction

Gastric carcinoma ranks as one of the most widespread
malignancies worldwide with high fatality rates. Genetic
polymorphisms conferring susceptibility to several types of
cancer have been discovered (Jemal et al., 2011). Current
staging systems and other clinicopathological indicators
cannot precisely predict the prognosis of gastric carcinoma
based on the high heterogeneity of this malignancy. Genetic
markers of restriction fragment length polymorphism, micro-
satellite and single-nucleotide polymorphisms comprise the
three phases of molecular genetics. Recently, a growing
number of gene polymorphisms have been implicated with the
development, progression and outcome of various types of
cancer (Bell, 2011; Lakhani & Ashworth, 2001).
Interleukins (ILs) are key cytokines that have tumor-
promoting effects, with single nucleotide polymorphisms in
IL genes (including IL-1B, IL-1RN, IL-8, IL-10 and IL-16)
which may significantly affect protein expression or function,
and promote gastritis and cancer (Canas et al., 2009;
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Gao et al., 2009; Graziano et al., 2005; He et al., 2011;
Lee et al., 2005; Li et al., 2007; Persson et al., 2009; Shin
et al., 2008; Sugimoto et al., 2007; Wang et al., 2006; Xue
et al., 2010; Yu et al., 2010; Yuzhalin, 2011; Zhou et al.,
2011; Zhu et al., 2011). Some of these polymorphisms have
been demonstrated to have the potential to predict prognosis.
IL-8 has multiple functions which include stimulating
endothelial cell division, inducing tumor cell migration,
regulating neovascularization, increasing the metastatic
potential of gastric carcinoma cells and thus, may have the
potential to indicate the prognosis of gastric carcinoma
patients (Kido et al., 2001; Konno et al., 2003; Lee et al.,
2004; Macri et al., 2006). Investigation of IL-8 may provide
more insight into the molecular mechanism of carcinogenesis,
angiogenesis and the progression of gastric carcinoma.
There is a growing body of evidence that the polymorph-
ism of IL-8-251T>A significantly increases the risk of
gastric carcinoma through an enhanced inflammatory process
in Helicobacter pylori-infected patients. The IL-8-251 A/A
genotype is associated with a higher risk of upper third
location of stomach, diffuse type of Lauren’s classification,
poorly differentiation and p53-mutated gastric carcinoma
(Kang et al., 2009; Liu et al., 2010; Taguchi et al., 2005;
Wang et al., 2010, 2012; Ye et al., 2009). Results of a meta-
analysis of 42 case-control studies of the IL-8-251T>A
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polymorphism and cancer risk showed that the carriers of the
A allele had an elevated risk of developing breast cancer,
gastric carcinoma and nasopharyngeal cancer (Canedo et al.,
2008). Another meta-analysis of 2195 gastric carcinoma cases
and 3505 controls also found that an IL-8 251 AA genotype
was a risk factor for gastric carcinoma (Vinagre et al., 2011).
Furthermore, studies showed that the association between the
IL8-251 polymorphism and risk of gastric carcinoma is likely
to be ethnicity specific and tends to be reproducible in
populations of Asian origin (Freund et al., 2003; Ren et al.,
2003; Song et al., 2010; Zhang et al., 2010). The prognostic
value of IL-8-251 genotyping in gastric carcinoma cases has
not been fully investigated.

We recruited 210 gastric carcinoma patients, collected
metastasis-free lymph node tissue samples, detected the IL-8-
251 T > A polymorphism and analyzed the correlation of the
potential molecular marker with clinicopathological charac-
teristics and patient prognosis, aiming to explore the potential
of the polymorphism as a prognostic indicator.

Materials and methods

The genotyping had been described in the supplemental files.

Patients and tissue specimens

Between January 1999 and December 2000, patients who
underwent clinical surgery for gastric adenocarcinoma at the
Peking University School of Oncology were enrolled in this
study. Patients with inadequate histological specimens or
missing clinical information were excluded. A total of 210
consecutive patients were enrolled. Lymph node tissue
samples pathologically confirming the lack of metastasis
and suitable for DNA extraction were collected. Patients did
not receive neo-adjuvant chemo-radiation. This study was
approved by the ethics and research committee of the Peking
University School of Oncology. Tumor staging was based on
the 2002 sixth edition of AJCC/UICC TNM staging criteria
for gastric carcinoma. All patients were followed up at regular
intervals of 6 months after surgery with a minimum of 5 years
of follow-up. Tumor recurrence was clinically defined as the
reappearance of tumor after curative surgery. The overall
survival time was calculated from the date of surgery to the
last visit or death.

Statistical analysis

All statistical analyses were done using SPSS 10.0 software
(SPSS Inc., Chicago, IL). The correlation analysis between the
IL-8-251 T>A polymorphism and clinicopathologic charac-
teristics was done using Pearson’s > test. Cumulative survival
probability as a function of time was calculated by the Kaplan—
Meier method and the statistical significance of the difference
between survival curves was estimated by the log-rank test.
Two-sided z-test p values <0.05 were considered as statistically
significant. Characteristics significantly or marginally asso-
ciated with overall survival in the univariate analysis were
included in the multivariate analysis. Multivariate survival
analysis was performed with the Cox proportional hazards
model by entering the IL-8-251 T > A genotype and established
clinical and histopathologic features.
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Patient characteristics

There were 142 male and 68 female patients, and the median
age was 56 years (range, 25-78 years). Thirty-four patients
were classified as stage I, 52 as stage II, 64 as stage III and 60
as stage IV. A total of 133 cases were poorly differentiated, 43
cases were moderately differentiated and the remaining 34
cases were well differentiated. According to the Lauren
classification, 70 cases were of the intestinal type, 97 were of
the diffuse type and the remaining 43 were of mixed type. The
follow-up period for survivors was at least 5 years, with a
median of 34 months. The 5-year overall survival rate was
43.7% in the entire cohort of patient cases with 92.7% in stage
I, 75.2% in stage 11, 34.3% in stage III and 13.5% in stage IV
patients.

The association between IL-8-251 polymorphic
variants and clinicopathologic characteristics

Eleven percent (23 of 210) of the patients were homozygous
for the A/A variant, 43.8% (92 of 210) were heterozygous for
A/T, and 45.2% (95 of 210) of patients were homozygous for
T/T wvariant. The association between the polymorphic
variants and the clinicopathologic characteristics was care-
fully analyzed and is shown in Table 1. The IL-8-251
genotype was significantly correlated with depth of invasion
(p=0.007), differentiation (p=0.002) and TNM stage
(p =0.009). Patients with A/A genotype were more likely to
have serosa involvement, poor differentiation and more
advanced stage.

The association between IL-8-251 polymorphic var-
iants and patient prognosis

Univariate survival analysis showed that the 5-year overall
survival rate of patients with the IL-8-251 A/T genotype was
30.8%, whereas patients with the A/T or T/T genotype were
59.2%, which is a statistically significant difference
(p=0.037, Figure 1). Patients with an A/A genotype had a
poorer prognosis than those with A/T or T/T genotypes.
Multivariate analysis adjusting for tumor size, lymphovascu-
lar invasion, Lauren classification, TNM stage and grade of
differentiation  identifies the IL-8-251 A/A  genotype
(RR=2.285, 95% Confidence Interval=1.06-4.93,
p=0.035, Table 2) as a significant prognostic indicator.

Discussion

In this retrospective study, we detected the IL-8-251T>A
polymorphism in gastric carcinoma and found that an IL-8-
251 A/A genotype closely correlated with depth of invasion,
poorly differentiation and more advanced stage of gastric
carcinoma. Patients with an A/A genotype are more likely to
have serosa involvement, a low grade of differentiation and
advanced stage of gastric carcinoma when compared to T
allele carriers. Univariate and multivariate survival analyses
revealed that the IL-8-251T>A polymorphism was a
significant independent prognostic indicator for overall
survival in patients with gastric carcinoma. Patients with an
IL-8-251 A/A genotype are more likely to have a decreased
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Table 1. Association between IL-8-251 genotype and clinicopathologic factors.

IL-8-251 T>A genotype

Factors Patients A/A No. (%) A/T No. T/T No. p Value
Gender
Male 142 17 (8.1%) 58 (27.6%) 67 (31.9%) 0.446
Female 68 6 (2.9%) 34 (16.2%) 28 (13.3%)
Age
<60 111 9 (4.3%) 55 (26.2%) 49 (23.3%) 0.143
>60 99 14 (6.7%) 37 (17.6%) 46 (21.9%)
Tumor size
>5cm 133 14 (6.7%) 53 (25.2%) 66 (31.4%) 0.308
<5 cm 77 9 (4.3%) 39 (18.6%) 29 (13.8%)
Depth of invasion
T1/T2 49 2 (1.0%) 30 (14.3%) 20 (9.5%) 0.007
T3/T4 137 21 (10.0%) 62 (29.5%) 75 (35.7%)
Lymph node metastasis
NO 33 6 (2.9%) 36 (17.1%) 42 (20.0%) 0.244
NI 127 17 (8.1%) 56 (26.7%) 53 (25.2%)
Distant metastasis
Ml 21 2 (1.0%) 7 (3.3%) 11 (5.2%) 0.809
MO 189 21 (10.0%) 85 (40.5%) 84 (40.0%)
Lymphovascular invasion
V(+) 94 12 (5.7%) 46 (21.9%) 36 (17.1%) 0.167
V(-) 116 11 (5.2%) 46 (21.9%) 59 (28.1%)
Lauren classification
Poor 70 6 (2.9%) 32 (15.2%) 32 (15.2%) 0.527
Moderate 97 10 (4.8%) 46 (21.9%) 41 (19.5%)
Well 43 7 (3.3%) 14 (6.7%) 22 (10.5%)
Differentiation
Poor 133 17 (8.1%) 52 (24.8%) 63 (30.0%) 0.002
Moderate 43 6 (2.9%) 14 (6.7%) 22 (10.5%)
Well 34 0 (0%) 26 (12.3%) 10 (4.8%)
TNM stage
1 34 0 (0%) 23 (11.0%) 14 (6.7%) 0.009
11 52 7 (3.3%) 20 (9.5%) 23 (11.0%)
1 64 8 (3.8%) 32 (15.2%) 24 (11.4%)
v 60 8 (3.8%) 17 (8.1%) 34 (16.2%)
Survival Functions Table 2. Multivariate analysis of the prognostic impact of the IL-8-
251 T>A polymorphism by the Cox proportional hazard model with a
1.0 backward stepwise procedure.
Variables p Value  Relative risk 95% CI*
0.8 —

Tumor size 0.602 0.849 0.460-1.568
= A/T, T/T genotype (n=187) Lymphovascular invasion 0.273 1.414 0.761-2.625
E Differentiation 0.198 1.293 0.874-1.912
3 %67 Lauren classification 0915 0.976 0.621-1.533
° TNM stage
-(% /1 0.431 1.898 0.386-9.343
S 0.4 - _ /1 0.463 1.992 0.316-12.558
£ A/A genotype (n=23) I\ 0.176 3.468 0.572-21.013
O /11 0.020 2.726 1.171-6.34

0.2 /v 0.294 0.547 0.178-1.687
“ /v 0.095 0.574 0.299-1.102
P =0.037 IL-8-251 A/A genotype 0.035 2.285 1.060-4.926
0.0 - #Confidence interval.
I I I I I I
0 20 40 60 80 100
Months after surgery overall survival rate than patients with the T allele. Our data
Figure 1. Overall survival curves according to genotype of the IL-8- Strongly support that the IL-8-251T>A polymorphlsm has

251 polymorphism in gastric carcinoma patients. Significant differences
were observed between the A/A genotype and A/T & T/T genotype
groups.

the potential to be used for prognostic predictions in patients
with gastric carcinoma. IL-8-251 A/A genotype may not only
serve as an indicator for the susceptibility to developing
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gastric carcinoma, but can also serve as a valuable prognostic
indicator.

IL-8 is a multi-functional cytokine that can stimulate
endothelial cell division and is a potent angiogenic factor,
which directly correlates with the vascularity of human
gastric carcinomas. IL-8 produced by tumor cells may
regulate neovascularization and hence, the growth and
spread of human gastric carcinoma (Kitadai et al., 1998).
IL-8-transfected cells produced rapidly growing, highly
vascular neoplasms (Kitadai et al., 1999). In H. pylori-
infected patients, IL-8 is an important mediator of the
inflammatory response that increases mucosal injury. A
cDNA microarray study using gastric carcinoma cell lines
(MKN-1 and TMK-1) co-cultured with H. pylori showed
increased mRNA expression of IL-8 (Maeda et al., 2001).
IL-8 might act as a diagnostic marker in patients with gastric
carcinoma (Lee et al., 2004; Macri et al., 2006). IL-8 protein
expression level is an independent and important prognostic
factor in human gastric carcinomas (Kido et al., 2001).
Measurement of circulating IL-8 levels in the serum of gastric
carcinoma patients is a valuable indicator of risk for recurrent
disease and may reflect IL-8 production mainly by the
primary lesion (Konno et al., 2003). The prognostic role of
IL-8 expression in tumor tissue, serum or urine has been
extensively explored in multiple types of malignancies
(hepatic cancer, breast cancer, ovarian cancer, colorectal
cancer, bladder cancer, non-Hodgkin’s lymphoma, prostate
cancer, melanoma and neuroendocrine carcinomas); patients
with high IL-8 expression have poorer prognosis than those
with low expression (Ahmed et al., 2006; Benoy et al., 2004;
Caruso et al., 2008; Derin et al., 2007; Freund et al., 2003;
Kassim et al., 2004; Kocak et al., 2004; Lee et al., 2008;
Merritt et al., 2008; Nastase et al., 2011; Ning et al., 2011;
Pavel et al., 2005; Ren et al., 2003; Sadlecki et al., 2011;
Terada et al., 2005; Zhang et al., 2011).

Studies have revealed that the IL-8-251 T >A functional
polymorphism is associated with an increase in IL-8 synthesis
by gastric epithelial cells, more severe neutrophils infiltration
in epithelium and an increased risk of developing atrophic
gastritis and gastric carcinoma (Canedo et al., 2008; Kang
et al., 2009; Liu et al., 2010; Lu et al., 2005; Ohyauchi et al.,
2005; Song et al., 2010; Taguchi et al., 2005; Vinagre et al.,
2011; Wang et al., 2010, 2012; Ye et al., 2009; Zhang et al.,
2010). The IL-8-251 A allele confers greater transcript
activity than the T allele. The DNA sequence in the region
around the IL-8-251 A allele may produce a potential binding
site for C/EBP, and induce IL-8 expression through the nickel
subsulfide-dependent pathway (Donn et al., 2002). Previous
studies have explored the prognostic role of IL-8-251 T>A
polymorphism in several other types of malignancies. A
previous study showed that the IL-8-251 A/A homozygous
genotype is strongly correlated with the aggressive phenotype
of breast cancer, with the A allele significantly associated
with decreased overall and disease-free survival (Smith et al.,
2004; Snoussi et al., 2006). The IL-8T-251 A allele was
shown to be associated with shorter time to tumor recurrence,
indicating that the analysis of angiogenesis-related gene IL-8
polymorphisms may help to identify a subgroup of patients at
high risk for tumor recurrence (Lurje et al., 2008). Another
previous study showed that the IL-8-251 T > A polymorphism
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might serve as a molecular predictor of response to
bevacizumab-based therapy and determining the clinical
outcome (Schultheis et al., 2008). Lurje et al. (2010)
demonstrated that the IL-8-251T>A polymorphism was a
significant prognosticator of the time to recurrence and
overall survival in patients with gastric carcinoma. These
results corroborate the findings in our study, as patients with
the IL-8-251 A/A genotype had a higher likelihood to have
more phenotypically aggressive and advanced stage tumors
than patients with an A/T or T/T genotype, and as such, also
exhibited a decreased overall survival.

The studies exploring the IL-8-251T >A polymorphism
primarily used fresh blood samples. Archival formalin-fixed
paraffin-embedded tumor tissue may serve as a good resource
for the exploration of new prognostic factors in a retrospective
study. Recent studies have found that the fixation process does
not seem to affect genotype detection. The genotyping results
based on paraffin-embedded tissue DNA and peripheral blood
DNA are highly consistent (Rae et al., 2003). Non-buffered,
formalin-fixed paraffin-embedded gastric tissue from patients
with gastric carcinoma serves as a valuable source of DNA,
suitable for large-scale investigation. We selected lymph node
tissue from patients with integral pathological examination
and follow-up information to detect the polymorphism of IL-
8-251; the lymph nodes were histopathologically confirmed to
be metastasis-free.

There are still some limitations in our study. Firstly,
because our study is a hospital-based study, our cancer center
did not have enough tissue from the healthy people as control,
since it is easier to obtain from the general hospital. Secondly,
the sample size of this study is relatively low. Finally, it is a
retrospective study, warranting a large sample size prospec-
tive study evaluation.

In summary, our results demonstrate that the IL-8-
251 T > A polymorphism is correlated with depth of invasion,
differentiation and progression of gastric carcinoma. The IL-
8-251 A/A genotype may provide valuable prognostic infor-
mation in gastric adenocarcinoma patients. This study
provides a good index to further investigate the polymorph-
isms of ILs in gastric carcinoma survival prognostication. It
would greatly facilitate our clinical practice and research
work if the detection of IL polymorphisms could provide
prognostic information.
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