
Abstract. Background/Aim: Inflammation is a key process in
gastric carcinogenesis. Cytokines are mediators of inflammation
and are involved in metastasis and tumorigenicity. We
previously assessed the role of cytokine gene polymorphisms in
gastric cancer risk in Chile. In the present study, we aimed to
analyze whether these polymorphisms are associated with
overall survival (OS) in gastric cancer (GC) patients. Patients
and Methods: A total of 153 individuals with GC diagnosis were
followed-up for at least 2 years. Hazard ratios (HR) were
estimated from Cox regression models using SNPs as predictor
variables. The following SNPs were genotyped for study using
a TaqMan assay: rs16944 (IL1B -511C>T); rs4073 (IL8 -251
T>A); rs2275913 (IL-17 -197G>A); rs1800872 (IL10 -592
C>A); rs1800896 (IL10 -1082A>G); rs28372698 (IL32).
Results: Interleukin-8 rs4073 (IL-8 -251T>A) showed
association with OS under the dominant model (TA + AA) only
when adjusted by clinicopathological variables (HR=1.64,
95%CI=1.05-2.55, p=0.030, q-value=0.18), but not with the
univariate model (HR=1.51, 95%CI=0.98-2.31, p=0.062, q-
value=0.37). No significant differences were observed after
adjusting for population stratification (PC1 and PC2 from

Principal Component Analysis using genotypes from Infinium
Global Screening Array). After stratification by
clinicopathological variables, the association with shorter
overall survival was higher among patients with diffuse-type
tumors (HR=2.24, 95%CI=1.16-4.45) and patients with tumor
size >5 cm (HR=1.79, 95%CI=1.08-2.97). Conclusion: These
results suggest a role of IL-8 rs4073 in cancer prognosis. Its
use as a prognostic marker of GC survival warrants further
investigation.

Gastric cancer is the third leading cause of cancer-related deaths
worldwide, after lung and liver cancers (1). Overall survival
(OS) at 5 years decreases dramatically as the TNM stage
progresses, dropping from 94.5% for stage IA to 18.7% for
stage IIIC (2). This is particularly important in Latin America,
where the high mortality rate is linked to advanced-stage
diagnoses. For instance, in Chile it was estimated that 20.8% of
patients were diagnosed at stage III and 37.6% of patients at
stage IV (3). There is growing evidence associating genetic
polymorphisms with gastric cancer (GC) survival, which makes
SNPs attractive biomarkers to help predict prognosis. 

Inflammation is a biological response to tissue injury or
infection. It is manifested by the mobilization of immune cells,
induction of angiogenesis, and alterations in the connective
tissue, all contributing to tissue repair or removal of the
pathogen (4). The “Correa’s cascade” describes the progression
from gastritis to atrophic gastritis, metaplasia, dysplasia and
finally adenocarcinoma, with inflammation occurring very
early in gastric carcinogenesis (4). The inflammatory response
is mediated by cytokines, including interleukins, chemokines
and lymphokines, some of which have demonstrated
involvement in metastasis and tumorigenicity (4). 
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El-Omar et al. (5) were the first to propose that functional
polymorphisms in the interleukin-1 beta gene (IL1B) and
interleukin-1 receptor antagonist gene (IL1RN) are associated
with increased risk of GC. Thereafter, various studies have
assessed the association of GC with polymorphisms in genes
encoding cytokines (6, 7). Mocelin et al. (8) performed a
systematic analysis of all studies analyzing SNPs associated
with GC, and found 18 SNPs belonging to genes involved in
immunity and inflammation, representing 36% of all
associated SNPs. Nevertheless, there are few published
studies that address if these SNPs are also associated with
prognosis in GC patients (9-12).

We previously published the results of a case-control study
assessing the role of cytokine gene polymorphisms in gastric
cancer risk in Chile (13). In the present study, we aimed to
analyze whether those polymorphisms are associated with
OS in GC patients.

Patients and Methods
Patients. A total of 153 individuals with a preoperative diagnosis of
gastric adenocarcinoma were recruited, clinically characterized, and
later followed-up as fully described by Romero et al. (14). 

Ethical approval. This study was approved by the Ethical
Committee of the following institutions: University of Chile School
of Medicine (#023/2011), University of Chile Clinical Hospital
(#029/2011), Metropolitan South-Santiago Public Health Agency
(#MK523B-118), Metropolitan East-Santiago Public Health Agency
(#24/01/2012), and Metropolitan West-Santiago Public Health
Agency (#236/2009). All participants gave their written informed
consent. The study was performed in accordance with the
Declaration of Helsinki.

Genotyping. Genotyping of single nucleotide polymorphisms
(SNPs) was carried out by TaqMan single nucleotide polymorphism
assay as previously described (13). The following SNPs were
studied: rs16944 (IL1B -511C>T); rs4073 (IL8 -251 T>A);
rs2275913 (IL-17 -197G>A); rs1800872 (IL10 -592 C>A);
rs1800896 (IL10 -1082A>G); rs28372698 (IL32). Given the
calculations obtained using sim.snp.expsurv.power function included
in survSNP package (R statistical environment), a power >0.8
assuming an effect of Hazard Ratio (HR)=1.7 could be reached by
analyzing SNPs with a minor allele frequency (MAF) >0.20.
Therefore, rs1143634 (IL1B 3954C>T, MAF=0.14), rs763780
(IL17F p.His161Arg, MAF=0.03) and rs1800629 (TNF -308G>A,
MAF=0.08) were not included in the study because the MAF was
<0.20. rs1143627 (IL1B -31 T>C) was not considered because is in
strong linkage disequilibrium with rs16944.

Statistical analyses. HR was estimated from Cox regression models
using SNPs as predictors. The assumption of proportional hazards
was tested according to Gramsch and Therneau (15) for all the
selected variables. For SNPs, allele (additive), dominant and
recessive models were considered. To infer population stratification,
we used the set of genotypes obtained from Infinium Global
Screening Array (Illumina, CA, USA) as mentioned in (14). The
guideline of Anderson et al. (16) was used to filter data to perform

a principal component analysis (PCA) using the routine --pca
implemented in plink 1.9 (REF). Principal component 1 (PC1) and
PC2 was used to adjust for population stratification in Cox regression
models. False discovery rate (FDR) was used to correct for multiple
testing and q-value was calculated using a spreadsheet
(http://www.biostathandbook.com/bonferroni.xls) according to the
Benjamini-Hochberg procedure (17). The association of
polymorphisms with survival was also assessed with the log-rank test
and Kaplan–Meier method. Median Survival Time (MST) was
estimated at the 50th percentile, or otherwise indicated. The
Hausman specification test (18) was used to assess differences in
beta coefficients from two Cox regression models. Power (beta error)
for estimation of HR was calculated with sim.snp.expsurv.power
function included in ‘survSNP’ package version 0.24 using R
statistical environment (R version 3.5.1). p-Values were 2-sided and
p<0.05 was considered statistically significant. All statistical
analyses were performed using Stata 12 (StataCorp LLC, TX, USA).

Results

Demographic and clinicopathological characteristics of the
studied patients and their association with OS are fully
described in (14). All polymorphisms were assessed for
association with OS under the additive, dominant and
recessive models. The only polymorphism significantly
associated with OS was IL-8 rs4073. This polymorphism
showed association with OS under the dominant model (TA
+ AA) only when adjusted by clinicopathological variables
(HR=1.64, 95%CI=1.05-2.55, p=0.030, q-value=0.18,
power=0.98), but not in the univariate model (HR=1.51,
95%CI=0.98-2.31, p=0.062, q-value=0.37). Comparisons of
Kaplan–Meier estimator curves for rs4073 TA + AA versus
TT genotypes are shown in Figure 1. When population
stratification was included as a confounding variable (PC1
and PC2), the strength of association adjusted by
clinicopathological variables was HR=1.60 (95%CI=1.04-
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Figure 1. Kaplan–Meier curves of overall survival for rs4073 (IL-8) in
gastric cancer patients.



2.50, p=0.034, q=0.20), and under the univariate model was
HR=1.49 (95%CI=0.97-2.30, p=0.070, q=0.49). These
results suggest that this polymorphism could modify OS
depending on the clinicopathological features of the patient. 

The prognostic value of rs4073 was assessed by stratified
analysis of clinicopathological features. Differences in HR
were observed stratifying by Lauren’s classification and by
tumor size. As noted in Table I, a significantly higher HR
was observed among patients with diffuse tumors (n=53) as
compared to intestinal-type tumors (n=100) (Hausman p-
value=0.0007). The OS was also less when patients had a
tumor >5 cm (n=100) compared to those with tumors <5 cm
(n=53) (Hausman p-value=0.045). Taken together, allele A
of rs4073 conferred a low OS among gastric cancer patients,
in particular those with diffuse-type tumors and size >5 cm.

Discussion

Few studies have addressed the contribution of rs4073 on
cancer prognosis. Snoussi et al. found a significant association
between the IL-8 -251 A allele with decreased OS and disease-
free survival in breast carcinoma patients from Tunisia (19,
20). Lurje et al. (11) studied whether 11 polymorphisms of
genes involved in angiogenesis were related to survival in 137
GC patients from the United States. They found two
polymorphisms associated with OS: IL-8 rs4073 (p<0.0001)
and PAR-1 rs11267092 (p=0.005), with only the former
showing association when adjusted for clinicopathological
variables (HR=2.45, 95%CI=1.02-5.88, p=0.045).

The polymorphism rs4073 is a T>A substitution, 352 base
pairs upstream from the start triplet (c.-352T>A) and 153
base pairs upstream from the transcription start site (TSS) of
IL-8 gene. Since rs4073 has been associated not only with
cancer but also other diseases, various authors have assessed
the phenotypical consequences of this nucleotide substitution
at the cellular and molecular level. Elevated levels of mRNA
were associated with rs4073-A allele in stimulated
lymphoblastoid cell lines (21). Andia et al. also found a
heightened expression of IL-8 among subjects with AT
genotype compared to those with TT genotype (22) in

gingiva from chronic periodontitis patients. In blood samples
from healthy donors, IL-8 levels were measured by ELISA
in whole blood stimulated with LPS (23), where IL-8
production was significantly higher in rs4073-A carriers than
in TT homozygous. Some investigations regarding whether
rs4073 substitution affects promoter activity by luciferase
gene reporter assay have reported contradictory results. Ahn
et al. (24), using 293T cells and Lee et al. (25), using MKN-
45 and SC-M1 gastric cancer cell lines found that the
promoter activity of -251 T allele was stronger than -251 A
allele. On the contrary, Ohyauchi et al. (26) found with AGS
cells that -251A promoter showed significantly higher
luciferase activity than the -251T promoter. In the first study,
a reporter plasmid was constructed using PCR fragments
from Chinese patients, but in the latter Ohyauchi et al., used
PCR fragments from Japanese patients. This difference could
account for differences in the haplotype context of rs4073
among Japanese and Chinese subjects (27).

There exist certain tools for annotation of functional
variations intended to predict the effect of common non-
coding variations. According to the Genotype-Tissue
Expression (GTEx) project (www.gtexportal.org), rs4073 is
not an expression quantitative trait locus (eQTL) for IL-8.
Nevertheless, it is for CXCL6, which is also located on
chromosome 4. In this case, rs4073-A allele is associated
with increased expression of CXCL6. In fact, the gene also
encodes a chemokine secreted by endothelial cells resulting
in tumor development, invasion and metastasis (28). The
possibility that rs4073 could be associated with cancer by
increasing expression of CXCL6 deserves further
investigation. Analyses of HaploReg v4.1 using data from
Roadmap Epigenomic Consortium indicate that this SNP lies
in an enhancer region (state 2 and 7 of Core 15 ChromHMM
states) and in DNAse hypersensitive sites. Non-coding
associated variants from GWAS studies are enriched in
enhancer and DNAse hypersensitive sites (29, 30), therefore,
a SNP present in these sites is likely functional. According
to data from the ENCyclopedia of DNA Elements -
ENCODE- retrieved from RegulomeDB (31), rs4073 is
located in binding sites for transcription factors TFAP2A,
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Table I. Hazard Risks of rs4073 (IL-8) according to patient’s characteristics.

Strata                                                                 HR (95%CI)a                               p-Value                          Powere                             Hausman p-Value

All patients (n=153)                                       1.49 (0.91-2.30)                               0.067                                 -                                                 
Intestinal-type (n=100)                                  1.20 (0.68-2.11)                               0.524                                 -                                    0.0007b; 0.007c
Diffuse-type (n=53)                                       2.24 (1.16-4.45)                               0.017                              0.96                                              
Tumor size <5 cm (n=53)                              0.93 (0.39-2.21)                               0.869                                 -                                     0.045b; 0.030d
Tumor size >5 cm (n=100)                            1.79 (1.08-2.97)                               0.023                              0.96                                              

aHR(95%CI): Hazard Risk (95% Confidence Interval) adjusted for age and sex; bHausman p-Value comparing both strata; cHausman p-Value
comparing diffuse-type versus all patients; dHausman p-Value comparing tumor size >5 cm versus all patients; eType-II error or beta error.



TFAP2C, JUND and JUN in HeLa-S3 cells. Taken together,
the bioinformatic evidence above supports a functional effect
of rs4073.

It has been demonstrated that various carcinomas including
those of the breast, colon, cervix, stomach, lung and ovary
express high levels of IL-8 relative to normal tissue (32).
According to data from The Cancer Genome Atlas (TCGA)
project (retrieved from Gene Expression Profiling Interactive
Analysis -GEPIA- (33)), IL-8 is significantly overexpressed in
gastric cancer tumors as compared to normal gastric mucosa.
However, CXCL8 (also known as IL-8) mRNA expression in
440 gastric tumors from TCGA PanCancer Atlas (obtained at
cBioPortal www.cbioportal.org) does not show association with
Lauren’s classification or TNM stage. A direct correlation
between IL-8 serum levels and progression has been described
for various cancers (32). According to TCGA data analysis
performed in OncoLnc (34), CXCL8 mRNA levels are
associated with low OS in three tumors: Cervical squamous
cell carcinoma and endocervical adenocarcinoma (HR=1.64, p-
value=0.00059), kidney renal clear cell carcinoma (HR=1.26,
p-value=0.0031), and liver hepatocellular carcinoma (HR=1.30,
p-value=0.0032). Using the gastric cancer set from TCGA
PanCancer Atlas, we retrieved OS and expression level
(classified as low expression ≤75%, otherwise high expression)
data for samples with a minimum of one year of follow-up
(n=205/440 total subjects). The association of 
IL-8 tumor levels with OS was not significant (HR=1.27,
95%CI=0.90-1.80) even after adjusting for clinico pathological
variables (HR=1.11, 95%CI=0.72-1.73)

Interleukin-8 (CXCL8) is a chemokine that belongs to the
CXC subfamily (35). It is considered pro-inflammatory due
to its role as a chemoattractant for neutrophils, but increasing
evidence has linked IL-8 with cancer. More than two decades
ago, Koch et al. experimentally demonstrated that IL-8 is an
angiogenic factor and that also induces proliferation and
chemotaxis of human umbilical vein endothelial cells (36).
In 1998, Kitadai et al. was the first to link IL-8 with gastric
cancer metastasis. They first found that expression of IL-8
in gastric cancer tumors is directly correlated with blood
vessel count in gastric carcinomas (37). After, they injected
gastric cancer cells ectopically expressing IL-8 into the
stomachs of nude mice, and observed that cells expressing
the chemokine grew and induced angiogenesis more than
injected gastric cancer cells not ectopically expressing IL-8
(38). It has been proposed that the effect of IL-8 on
angiogenesis is mediated by the expression of VEGF-A and
VEGFR-2 (39). Kuai et al. (40) experimentally studied the
effect of IL-8 on promoting adhesion, migration and invasion
in gastric cancer cell lines. MKN-45 cells ectopically
expressing IL-8 showed increased levels of those three
phenotypes. In KATO-III cells, which endogenously
overexpress IL-8, the treatment with siRNA against IL-8
gene decreased rates of adhesion, migration and invasion. 

Epithelial-to-mesenchymal transition (EMT) is associated
with negative prognosis in GC patients. Murai et al. (41)
found that patients with gastric tumors classified as
“mesenchymal” (high ratio of vimentin/E-cadherin mRNA in
tumor) had a significantly lower OS than “epithelial” tumors
(low ratio of vimentin/E-cadherin mRNA in tumor). Fernando
et al. (42) was the first to demonstrate that IL-8 also has a
key role in EMT, using breast cancer cell lines. Through in
vivo and in vitro experiments, Chung et al. (43) demonstrated
that the extracellular high-mobility group box-1 (HMGB1)
induces EMT in GC using N87, MKN28, SNU-1 and
KATOIII GC cell lines as well as in an animal model. IL-8 is
a major HMGB1-inducible soluble mediator of EMT. In fact,
they observed that suppression of IL-8 reversed HMGB1-
induced EMT in GC cells. To the best of our knowledge, no
other studies have been published addressing the role of 
IL-8 in EMT in GC. This area deserves further investigation.

In conclusion, our study found that IL-8 rs4073 is
associated with OS in GC patients. The association was more
noticeable among patients with large tumors and patients
with diffuse-type tumors. Both experimental and database
information allowed us to propose that rs4073 is a functional
polymorphism. Evidence from Lurje et al. (11) combined
with our results lead us to propose a role for rs4073 in GC
prognosis. Its use as a prognostic marker for GC survival
warrants further investigation.
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