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Abstract

AIM: To evaluate the contribution of the G-1974 poly-
morphism in the interleukin-17 (IL-17) promoter region
to gastric cancer risk in an Iranian population.

METHODS: We performed a case control study using
samples from 161 individuals with gastric cancer and
171 healthy controls. For each individual, the G-1974
genotype was determined by restriction fragment
length polymorphism analysis of polymerase chain
reaction-amplified fragments. Statistical analyses were
performed to determine whether any demographic or
behavioral factors, infection with Helicobacter pylori (H.
pylori), or a particular G-1974 genotype was associated
with gastric cancer risk.

RESULTS: We found that the G-1974 genotype was
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significantly associated with increased gastric cancer
risk (P = 0.001). Patients who were homozygous (AA)
at position -197 were 2.9 times more likely to develop
disease (95%CI: 1.56-5.4; P = 0.001). Furthermore,
logistic regression analysis revealed that the presence
of a single A allele increased the risk of gastric cancer
up to 1.7-fold (95%CI: 1.26-2.369; P = 0.001). This
association was observed for early stage gastric ad-
enocarcinomas only, and was not linked to 4. pylori
infection.

CONCLUSION: These results suggest that carrying
one or more G-1974 polymorphisms at position -197 in
the IL-17 promoter region significantly increases gastric
cancer risk in this patient population.

© 2013 Baishideng. All rights reserved.
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Core tip: There is currently a need for genetic mark-
ers to identify individuals at risk for developing gastric
cancer. In this study, we describe one such marker, a
G-1974 polymorphism in the interleukin-17A (IL-17A)
promoter. Within our study population, individuals who
carry the G-71974 polymorphism in the IL-17A promoter
region may be at a significantly greater risk of develop-
ing gastric cancer. Importantly, the presence of this
polymorphism alone was sufficient to increase risk of
gastric cancer development.
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INTRODUCTION

Gastric cancer is one of the most common causes of
cancet-related deaths wotldwide. Despite an overall de-
crease in gastric cancer incidence in recent years, this
disease is still responsible for over 700000 deaths per
year?, and represents a significant medical burden in
many countries. In Northern Iran, gastric cancer has a
major impact on public health due to the high morbidity
and mortality associated with this disease. Indeed, sev-
eral Iranian provinces, including Manzadaran, Semnan,
Golestan, and the greater Tehran area, report age-stan-
dardized incidence rates for gastric cancer ranging from
25.4-49.19, While these high incidence rates may be par-
tially explained by the fact that a significant proportion
of this population is also colonized by the carcinogenic
bacterium Helicobacter pylori (H. pylori) P4 the fact that this
region maintains a high rate of gastric cancer despite an
intensive H. pylori eradication program suggests that there
are other host genetic and environmental factors involved

in gastric cancer development.

Over the last several years, many studies have identi-
fied a variety of environmental, behavioral, and host
genetic factors that play a role in gastric carcinogenesis
across many patient populations. Among these behav-
ioral factors are smoking and a high salt diet™™, which
have been shown to be particularly important for disease
development in Northern Iran”. However, there is cur-
rently a lack of information regarding which host genetic
factors may play a role in carcinogenesis in the Iranian pa-
tient population. Previous reports have identified a group
of host immune factors that, when aberrantly expressed,
can influence the development of gastric disease. Among
these factors are the interleukin-1 (IL-1), IL-8, IL-10, and
tumor necrosis factor-oo (TNF-a) genes, where specific
polymorphisms have been associated with gastric cancer
risk™”. Additionally, in some instances, this effect can
be compounded when the polymorphism exists in an H.
pylori colonized individual. It is hypothesized that these
polymorphisms result in a pro-inflammatory gastric envi-
ronment, which may prime the tissue for cancer develop-
ment.

Another, more recently described, pro-inflammatory
cytokine is 1L-17A (IL-17). This cytokine is one of a
larger group of IL-17 family ligands and is primarily
produced from a subset of CD4" effector cells known as
Th17 cells"™, I1.-17 is involved in both innate and adap-
tive immunity and can act on a variety of cell types".
Recently, reports have indicated that certain II.-77 poly-
morphisms are associated with autoimmune disease such
as rtheumatoid arthritis, graft ss host disease"”, and in-
flammatory diseases such as ulcerative colitis"”, suggest-
ing that aberrant expression of this cytokine may polarize
the body towatd a variety of disease states. In addition,
a recent study indicated that H. pylori-mediated induction
of TL-17 may impact disease progression!”; collectively,
these studies highlight the importance of levels of 1L-17
in a variety of diseases.
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One particular IL-77 polymorphism (G-197A or
rs22759133) has also been associated with certain types
of gastric cancer in both Japanese and Chinese popula-
tions' """, The guanine to adenine substitution at position
-197 within the IL-17 promoter region is located in close
proximity to 2 nuclear factors activated T cell binding
motifs'”. Because this region was shown to be required
for I1.-17 expressionm, it is believed that cells that hatrbor
this mutation produce higher levels of 1L.-17, which in
turn upregulates I1.-17-mediated immune responses. This
hypothesis is supported by the fact that various types of
tumors express increased levels of 11.-17"% and patients
with gastric cancer have a greater number of circulat-
ing IL-17-producing Th17 cells than healthy controls™.
Taken together, these findings highlight the potential role
of IL-17 in gastric cancer development.

Herein, we describe an epidemiologic study in which
we investigate the role of the IL-17 G-197A promoter
polymorphism in gastric cancer risk among individuals
from Northern Iran, which is traditionally a poorly stud-
ied population. We found that within this patient popula-
tion the G-797.4 polymorphism was significantly more
frequent in gastric cancer patients compared with con-
trols. This association was independent of H. pylori colo-
nization status. These data indicate that the II.-77 G-197A4
polymorphism may be a good indicator for susceptibility
to gastric cancer development in this patient population.

MATERIALS AND METHODS

Study participants

All aspects of the current study were approved by the
Medical Research Ethics Committee at the Mandazaran
University of Medical Sciences and conformed to the
ethical guidelines set forth in the Declaration of Helsinki.
Prior to enrollment, all patients were given an explana-
tion of the nature of the study, and written informed
consent was obtained from all individuals. Enrollees from
the Mandazaran province of Iran were accepted after
seeking treatment at Imam Teaching Hospital or Touba
Polyclinic between April 2008 and November 2011. The
diagnosis of gastric cancer cases were made based on
gastric endoscopy, and cases were defined using the In-
ternational Classification of Diseases for Oncology IX,
Protocol 151 and Lauren criteria®’. In order to simplify
TNM staginglzzj, Stages 1 A and I B were grouped into
“Stage 17, and Stages Il A and [IB were similarly com-
bined into “Stage IlI”. We enrolled a total of 161 patients
with gastric cancer (89 male, 72 female), with a mean age
of 62.6 * 12.4 years. One hundred seventy-one healthy
controls (84 male and 87 female) were also enrolled, with
a mean age of 60.8 £ 12.8 years. Subjects within the con-
trol group were matched to the case group with respect
to age, sex, ethnic background, and geographic origin.
Demographics and behavioral and epidemiological risk
factors were self-reported by study patticipants using a
written questionnaire. Cigarette smokers were defined
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Figure 1 Interleukin-17 genotyping. A representative image of the results
of an interleukin-17 (IL-17) genotyping assay is shown. The IL-17 promoters
were amplified by polymerase chain reaction and the resulting products were
digested with Xag I . Products were then separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). The IL-17 GG genotype was
evident as 153 and 109 bp fragments, GA as 262, 153 and 109 bp fragments,
and AA as a single 262 bp fragment.

as those participants who reported smoking at least one
cigarette per day for 12 mo. Consumption of salted fish,
pickles, and fast food was defined as eating these items at
least once a week for 6 mo.

H. pylori detection

All patients were tested for H. pylori infection using H.
pylori specific IgG by ELISA (Diagnostic Automation,
CA, United States) and by the urea breath test. Individu-
als that tested positive by either of these methods were
considered as positive for H. pylor.

IL-17 genotyping

Venous blood collected from all study participants was
used to isolate genomic DNA restriction fragment length
polymorphism analysis of polymerase chain reaction-
amplified fragments (PCR-RFLP) as previously de-
scribed"”. Briefly, each PCR amplification was performed
using 1 pmol/ L each of the forward (5>-AACAAGTA-
AGAATGAAAAGAGGACATGGT-3’) and reverse
(5-CCCCCAATGAGGTCATAGAAGAATC-3’) prim-
ers, 200 pmol/L of each dNTP, 2 mmol/L MgCl, 0.4
U of Hot Start Taq polymerase (Takara), 1X Takara Hot
Start Taq PCR buffer, and 100 ng of genomic DNA in a
final volume of 25 pl.. Each reaction was initially dena-
tured at 95 'C for 4 min, followed by 35 cycles of dena-
turation at 95 °C for 40 s, primer annealing at 60 ‘C for
35 s, and extension at 72 'C for 30 s, followed by a final
extension at 72 C for 4 min. Amplified PCR products
were subjected to enzymatic digestion with Xagl (Fer-
mentas) for 12 h at 60 C and visualized after separation
by 3% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and staining with ethidium bromide. This pro-
cedure allowed us to clearly differentiate between the ho-
mozygous GG, heterozygous GA, and homozygous AA
genotypes: the resulting restriction digest products from
individuals with a homozygous (GG) genotype were 153
bp and 109 bp; digestion products from individuals who
were heterozygous (GA) were 262 bp, 153 bp, and 109
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Table 1 Demographic data of the gastric cancer patients and
healthy controls

Gastric cancer Control P-value'
(n=161) n=171)
Age (yr) 62.56 +12.44 60.81 +12.76 0.21
Sex (M/F) 89/72 84/87 0.16
Marital status
Single 8(5) 3 (1.8)
Married 149 (92.5) 166 (97.1) 0.002
Divorced 4(2.5) 2(1.2)
Occupation
Unemployed 4(2.5) 1(0.6) 0.003
Employed 24 (14.9) 35 (20.5)
Housewife 48 (29.8) 75 (43.9)
Other 85 (52.8) 60 (35.1)
Education 12 yr 53 (32.9) 85 (49.7) 0.003

'Significance of categorical variables was assessed using the y° test;
Differences in age were evaluated using the Student t-test. Percentages are
shown in parentheses. “Other” is defined as an occupation that does not
fall into one of the defined groups.

bp; a single 262 bp product was produced from individu-
als with a homozygous (AA) genotype (Figure 1).

Statistical analysis

After determining that all quantitative data were normally
distributed (viz Kolmograph-Smirnoph test), differences
between patient populations were evaluated using the
Student #test. Qualitative differences between groups
were assessed by the y” test as indicated. The associa-
tion between II.-77 genotype and gastric cancer risk was
determined using logistic regression analysis and an odds
ratio (OR) with 95%CI. P-values << 0.05 were considered
significant for all tests.

RESULTS

Patient demographics and epidemiology

The demographic data of gastric cancer patients and
healthy controls are summarized in Table 1. Ages of
study participants across the control group (» = 171)
ranged from 24 to 87 years, and in the gastric cancer
group (7 = 161) from 28 to 86 years. The age difference
between these 2 groups of participants was not statisti-
cally significant (P = 0.21). Similatly, the distribution of
males and females in the study was also not significantly
different between the gastric cancer group and the
healthy controls (P = 0.16, ;(2 test). We did note a statisti-
cally significant difference in the distribution of married
individuals in the cancer group and the healthy controls,
where individuals in the gastric cancer group wetre more
likely to be single or divorced (P = 0.002, Zz test). Simi-
latly, we also noted that individuals within the gastric can-
cer group were more likely to be unemployed than those
in the control group (P = 0.003, ;52 test). Finally, we also
detected a difference in the level of education between
patients in the 2 groups; a significantly higher number of
the healthy controls had > 12 years of education com-
pared with the gastric cancer patients (P = 0.003, 12 test).
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Table 2 Frequency of the distribution of the G-797A

(rs2275913) polymorphism of the interleukin-17A gene in
gastric cancer patients and healthy controls 7 (%)

Genotype Cancer Controls  OR Cl P-value'
(n=161) (n =171)

GG 56 (34.8) 78 (45.6)  1.00°

GA 61 (37.9) 72 (42.1) 1.2 073-191 0.53

AA 44 (27.3) 21 (12.3) 292 1.56-5.4 0.001

G allele 173 (53.7) 228 (66.7)  1.007

A allele 149 (463) 114 (333) 172 126236  0.001

A allele carriage 105 (64.2) 93 (54.4) 1.57 1.01-245 0.04

(AA + GA vs GG)

Genotype frequencies are indicated in absolute values, with the percentage
in parentheses. G allele and A allele indicates the total number of each
individual allele within each group. 'Two-sided y -test; *The first allele or
genotype is considered as the reference for this analysis. OR: Odds ratio.

Frequency and distribution of IL-17 genotypes and
gastric cancer risk

We next evaluated the distribution of the 1L-17-197
alleles between the 2 study groups essentially as previ-
ously described" ™" The genotype frequencies of this
polymorphism in controls were within the Hardy-Wein-
berg equilibrium (P = 0.49). As shown in Table 2, the
predominant genotype found in gastric cancer patients
was the heterozygous GA allele (38%), followed by the
homozygous alleles GG (35%) and AA (27%). In con-
trast, within the healthy control group, the most common
genotype was the wildtype GG allele (45.6%) followed by
the heterozygous GA allele (42%) and the homozygous
AA allele (12%). While the difference in the distribution
of the GG and GA genotypes between the gastric cancer
and control groups was not statistically significant, the
finding that a larger number of cancer patients carried
the AA allele was significant (P = 0.001, Zz test). There
was also a significant difference in the frequency of the A
allele between the 2 groups; this allele was present in 46%
of gastric cancer patients compared with only 33% of
healthy controls (P = 0.001, Zz test). We next performed
a multivariate regression analysis to determine the pre-
dictive value of the G-797.4 polymorphism for gastric
cancer development. After correcting for covariates such
as age, sex, and H. pylori infection, this analysis indicated
that the presence of the A allele increased gastric cancer
risk by 1.7-fold (95%CI: 1.26-2.36; P = 0.001). The pres-
ence of the AA mutant genotype increased the odds of
developing gastric cancer up to 2.9-fold (95%CI: 1.56-5.4;
P =0.001), indicating that the presence of the AA geno-
type at this locus is significantly associated with increased
gastric cancer risk. Additionally, harboring the allele (AA
+ GA) enhanced the risk of gastric cancer up to 1.6-fold
(95%CI: 1.01-2.45; P = 0.04).

Effect of G-197A polymorphism and cancer progression
In order to determine whether the presence of the -197A
allele was associated with disease progression within the
gastric cancer group, we stratified a subset of the patients
from this group based on TNM staging, extent of tumor
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Figure 2 Tumor, node, metastasis staging, and cellular differentiation in
the gastric cancer population. A: Breakdown of tumor staging among a sub-
set of the gastric cancer population. Staging was categorized as described in
the Materials and Methods section. For simplicity, individuals that were catego-
rized as Stage 1 A or I B were grouped into Stage 1. Similarly, patients with
Stage IITA or IIB tumors were grouped into Stage III; B: The degree of cellular
differentiation seen in patient tumors was graded as well, moderate, or poor as
described in the Materials and Methods.

cell differentiation, and the presence or absence of the
mutant A allele (AA + GA »s GG); TNM information
for 77 of the 161 patients enrolled in the gastric cancer
group was available. A breakdown on tumor staging and
degree of cellular differentiation are shown in Figure
2A and B, respectively. We placed individuals with lower
grade malignancies (Stage [ or II) in one group (7 =
28), and those with Stage Il or IV malignancies into a
second group (# = 49) (Table 3). Within the group with
Stage I or II malignancies, 22 patients had at least one
A allele (GA or AA genotype), while only 6 patients
had the GG genotype. This difference in Stage 1 /1
patients was statistically significant (P = 0.001, Zz test).
Furthermore, the presence of the 197A allele increased
the risk of gastric cancer development at the eatly stages
of tumorigenesis by 6.3-fold (95%CI: 2.2-18.56; P =
0.001). In contrast, this association was not observed in
patients with Stage Il /Stage IV malignancies or when we
grouped the cancer patients by age, sex, H. pylori status,
or tumor cell differentiation (Table 3). These data suggest
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Table 3 Effect of G-797A polymorphism on gastric cancer

development 7 (%)

GA + AA GG OR  95%CI P-value’

Age
<50 yr 18 (17.1) 4(7.1) 2.7 0.8-8.4 0.09
=50 yr 87 (82.9) 52 (92.9)
Gender
Male 51 (48.6) 21(37.5) 1.6 0.8-3.05  0.19
Female 54 (51.4) 35 (62.5)
H. pylori+ 65 (61.9) 33(58.9) 0.88 045-1.71 0.74
H. pylori- 40 (38.1) 23 (41.1)
TNM stage'
-1 22 (55) 6(16.2) 6.3 2.2-185  0.001
m-v 18 (45) 31 (83.8)
Tumor differentiation
Well 25(23.8) 9(16.1) 1.00°
Moderate 57 (54.3) 35(62.5) 056 0.24-134 0.19
Poor 23(21.9) 12(214) 0.66 023-1.86 043

'Data presented for 77 patients; *All comparisons between categorical
variables were made using a two-sided 4’ test; *Used as reference for
tumor differentiation analyses. Values in parentheses indicate the
percentage. H. pylori: Helicobacter pylori; TNM: Tumor, node, metastasis.

that while the presence of a mutant A allele at this locus
increased the risk of developing a low grade (Stage 1 or
II') malignancy, it was not a risk factor for progression to
later stage cancer (Stage IIl or IV).

DISCUSSION

Gastric cancer remains a significant source of morbidity
and mortality worldwide. As such, being able to identify
which patients or patient populations are most at risk
for developing this severe disease is of the upmost im-

portance. This fact is particularly true for geographical
regions such as Iran that have exceptionally high discase
rates”™. Indeed, despite the alarmingly high rates of gas-
tric cancer in this region, few studies have focused on
the identification of host factors or mutations in these
factors that may predispose members of this population
to gastric cancer development. Once identified, these fac-
tors or mutations could then be exploited to aid in the
diagnosis of high-risk patients.

Numerous studies have attempted to unravel the
complex nature of gastric cancer development. From
these studies it has become clear that carcinogenesis is
a multi-factorial process that involves a combination
of environmental/behavioral, and genetic factors. For
many populations/geogtraphic ateas, including the focus
of the current study, major environmental/behavioral
risk factors for gastric cancer development have been
identified™®. Additionally, there have been many studies
that have identified potential genetic markers or poly-
morphisms that are associated with gastric cancer risk.
Several of these factors play a role in maintaining proper
immune homeostasis, including the pro-inflammatory
cytokines IL- 1? inducible nitric oxide synthase, TNF-q,
I1.-8, IL-10"""*! and more recently IL- 17", However,
since many of these factors have only been studied in
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limited patient populations, it remains unclear whether or
not the prognostic value of these markers applies equally
to all groups. In fact, as more studies are performed
across a variety of patient populations, it has become
evident that the degree to which these factors impact on
disease development is often dependent upon the group
being studied”™ ™. As a result, there is a need to examine
the role of these factors in additional populations.

Here, we described a case-control study that exam-
ined the association of the G-197A IL-17 promoter
mutation with gastric cancer development in an Iranian
population. This particular polymorphism has been pre-
viously associated with an increased risk of gastric muco-
sal atrophy and gastric cancer in a Japanese populationm,
as well as gastric cancer risk in a Chinese populationﬂs]. In
accordance with those studies, we found that the G-197A
polymorphism is significantly associated with an increase
in gastric cancer risk (Table 2). Specifically, harboring 2
copies of the mutant allele (AA) at this locus increased a
patient’s likelihood of developing cancer by a factor of
2.8 (Table 2). Furthermore, harboring only a single copy
of this polymorphism (a heterozygous GA genotype)
increased gastric cancer risk by 1.5 fold; this finding sug-
gests that the effect of this polymorphism follows a dose-
response. These data are consistent with the previous
finding that the effect of the G-797.4 polymorphlsm on
inflammation follows a similar dose-response pattern

In healthy individuals, I1.-17 is involved in both in-
nate and adaptive arms of the immune system. Spe-
cifically, IL-17 is involved in induction of other pro-
inflammatory cytokines as well as the recruitment and
activation of inflammatory cells such as neutrophils and
macrophagesm’z()l As the receptor for this cytokine is
widely dlstnbuted on intestinal epithelial cells™ and other
tissue types s changes in the levels of IL-17 expression
may have far reaching effects. This fact is illustrated by
several studies, which have implicated increased 1L.-17
production with a variety of pathologic processes. In-
deed, increased IL-17 transcript levels have been detected
in patients with coronary artery disease™, and inflamma-
tory bowel disease”™, and specific I1.-77 polymorphisms
have been associated with ulcerative co]jtis 3 theumatoid
arthritis™ | While these condi-
tions may present quite differently from gastric cancer,
the underlying commonality among these diseases is their
inflammatory origin.

While the precise mechanistic role of the G-797.A4
polymorphisms in gastric cancer development remains
unclear, a plausible hypothesis is that increased/con-
stitutive expression of IL-17 may skew the gastric en-
vironment to become pro-inflammatory. As chronic
inflammation is a known precursor for gastric cancer
developmentml, this 1L-17-mediated inflammatory envi-
ronment may result in an increase in carcinogenic cellular
damage, which predisposes an individual to develop dis-
ease. Once these initial steps have begun, the cancer may
progress in an 11.-17 dependent or independent manner.
In the current study, we found that the -197A allele was

and graft »s host disease!™
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only significantly associated with the development of
lower grade malignancies (Stage 1 or II) (Table 3). Simi-
latly, a previous study linked the -197A polymorphism to
an increased risk of pootly differentiated TNM Stage |

/1 cancer™, These data perhaps suggest that progres-
sion to more severe disease (Stages Il or IV) occurs at
least partially in an IL.-17-independent manner. However,
as 18 of the 49 TINM Stage Il or [V cancer patients (Table
3) carried at least one mutant allele, we cannot completely
rule out the possibility that this II.-77 polymorphism im-
pacts on disease progression to some extent.

Gastric cancer remains a global health problem. As
diagnosis of this disease often occurs only after the pro-
gression to more severe stages, there is a setious need for
diagnostic markers that could help preemptively screen
patients in high-risk populations and identify those
who are most at risk of developing disease. Because the
G-197A4 polymorphism in the IL-17 promoter region
is consistently linked to gastric cancer development in
multiple populations, it may be a good global candidate
marker to identify gastric cancer risk.

ACKNOWLEDGMENTS

The researchers would like to acknowledge the personnel
of the endoscopic ward of Imam Hospital, the mem-
bers of the Oncology wards of Amir Kola Hospital and
Touba Polyclinic, and members of the Molecular and Cell
Biology Research Center of Mazandaran University of

Medical Sciences.

COMMENTS

Background

Individuals who carry specific genetic polymorphisms can be prone to cancer
development. As a result, these polymorphisms may be used to identify these
at risk individuals. However, before a particular polymorphism can be reliably
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Research frontiers

Interleukin-17 (IL-17) is an important pro-inflammatory cytokine that is involved
in both the innate and adaptive arms of the human immune system. One of the
research hotspots in the field of IL-17 research is determining how increased or
decreased levels of this cytokine effect human physiology and disease develop-
ment.

Innovations and breakthroughs

Previous studies have identified the G-197A IL-17 polymorphism as a potential
genetic marker for gastric cancer risk. However, those studies were performed
on a limited population that had a similar genetic background. The current study
verified the G-197A polymorphism as a potential genetic marker for gastric can-
cer risk in a genetically distinct population. Their results reinforce the possibility
of using this IL-17 polymorphism as a marker for disease risk in many diverse
populations.

Applications

The study highlights the possibility that the IL-17 G-197A polymorphism could
be used as a marker for gastric cancer risk across diverse populations.
Terminology

A polymorphism is where multiple forms of a DNA sequence may be present at
a single genetic site.
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