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Abstract Interleukin (IL) 17A is an inflammatory cytokine
expressed by Th 17 cells and plays a role in tissue inflammation
by inducing release of proinflammatory and neutrophil-
mobilizing cytokines. We have investigated the association
between colorectal cancer and polymorphisms of IL17A
(rs2275913. G197A). The study was performed in 241 subjects
(102 with colorectal cancer and 139 healthy controls). Geno-
types were determined by fluorescent-based restriction fragment
length polymorphism method. The association between the
molecular features at the gene in relation to tumor and patient
clinical characteristics was analyzed. There was a significant
difference between the genotype frequencies of IL17A G197A
of control subjects (GG 68.34 % and GA + AA 31.65 %) and
patients with colorectal cancer (GG 47.05 % and GA + AA
52.94 %) (p=0.001with odds ratio (OR) 2.45 (1.43–4.11)).
IL17A G197A polymorphism is particularly associated with
colon cancer. Indeed, the IL17A GG genotype could be consid-
ered as a protective factor against colon cancer (p=0.00001)
with OR 3.77 (2.04–6.99). We have noted a significant

association of IL17A G197A polymorphism not only with
tumor localization (p=0.003) but also with tumor differentiation
(p=0.0005) in CRC patients. We have also showed a significant
association of G197Avariant with an increased risk of advanced
stage (p=0.005). Our result suggests that the A allele of IL17A
gene is involved in susceptibility to colorectal cancer and is
associated with clinical features as tumor location, tumor differ-
entiation, and TNM stage. IL17A polymorphism may serve as
biomarker of disease location and progression.
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Abbreviations
CRC Colorectal cancer
IBD Inflammatory bowel disease
UC Ulcerative colitis
Th1/17 cells T helper 1/17 cells
IL17A/B/C/D/E/F Interleukin A/B/C/D/E/F
IL1β/6/8/10 Interleukin IL1β/6/8/10
SNP Single nucleotide polymorphism
NF-κB Nuclear factor κB
TNFα Tumor necrosis factor α
TNM stage Tumor node metastasis stage
ETBF Enterotoxigenic Bacteroides fragilis
CIHM CpG island hyper-methylation
PR Progesterone receptor
VEFG Vascular endothelial growth factor
p53 Tumor suppressor protein53

Introduction

Colorectal cancer (CRC) is one of the leading causes of
cancer-related death worldwide. Several factors can increase
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the risk of colorectal cancer [1]. The major causes of this
cancer are environmental, genetic, epigenetic as well as in-
flammatory bowel disease (IBD).

The association between inflammation and cancer was
illustrated by epidemiological and clinical studies. Indeed,
there is a close link between inflammatory bowel diseases
such as ulcerative colitis and Crohn’s disease and the subse-
quent development of colorectal cancer [2, 3]. Chronic in-
flammation is caused by persistent infection that could be
parasitic, bacterial, or viral. However, the inadequate disposal
of pathogens, prolonged inflammatory signaling as well as
defects in the anti-inflammatory mechanisms may lead to
chronic inflammation and promote tumor development
[4–7]. Inflammation is a protective response to infection by
the immune system that requires communication between
different classes of immune cells to coordinate their actions.
In chronic inflammation, the inflammatory foci are dominated
by lymphocytes, plasma cells, natural killer cells, and macro-
phages. Macrophages and other inflammatory cells generate a
great amount of growth factors, cytokines, chemokines, and
reactive oxygen and nitrogen species that may cause DNA
damage. If the macrophages are activated persistently, they
may lead to continuous tissue damage [8].

In IBD, the chronic mucosal inflammation is caused by
hyper-activation of effector immune cells, which produce high
levels of pro-inflammatory cytokines like TNFα and IL6
resulting in colonic tissue damage. The nuclear transcription
factor (NFκB) is considered as one of the key regulators in this
immunological setting [9–11].

In addition to epidemiological data linking chronic infec-
tions to increased cancer risk [12], genetic links between
cytokines and cancer also exist. Indeed, genes encoding cyto-
kines that are genetically polymorphic have recently been
considered as important determinants of disease susceptibility
[13]. Indeed TNF-α, IL1β, IL10, IL8, and IL17 gene polymor-
phisms have been identified as risk factors for gastric cancer as
well as with colorectal cancer except for IL17 polymorphism
[14–21].

Interleukin-17 (IL17) is a cytokine secreted by T helper 17
(TH17), which are defined as a CD4 lymphocyte population.
There are different types of T cell CD4 “helper” with different
roles and which direct the immune response differently. TH17
are important for the immune response against bacteria and
fungi and are involved in various autoimmune diseases. IL17
induces the recruitment of immune cells in peripheral tissues
following activation of transcription factor NFκB, resulting in
the expression of a series of genes encoding pro-inflammatory
factors (TNF, IL6, IL1β) suggesting the important role of this
cytokine in the localization and amplification of inflammation
[22, 23]. The IL17 family of cytokines contains six members,
IL17A, IL17B, IL17C, IL17D, IL17E, and IL17F [24, 25].
IL17A gene is located on chromosome 6p12. Genetic studies
have shown that IL17A polymorphism is highly correlated

with a high susceptibility to develop inflammatory bowel
disease such as Crohn’s disease and ulcerative colitis [26,
27] and intestinal Behcet’s disease [28].

Furthermore, polymorphism of IL17A G197A has recently
been identified to be associated with the susceptibility to
rheumatoid arthritis, ulcerative colitis, breast cancer, bladder
cancer, cervical cancer, and gastric cancer, respectively [29,
30, 21, 31–34]. However, it has not been investigated with
respect to CRC risk.

Though, studies on the expression level of IL 17 were
performed in colorectal cancer and in other tumors and ex-
pression excess of IL17Awas found in various tumor tissues,
including prostate cancer, breast cancer, gastric cancer, and
colorectal cancer [35–38].

In the present study, we have examined the IL17A G197A
polymorphism in relation to colorectal cancer risk and patient
characteristics in Tunisian population.

Material and methods

Subjects

A group of patients/controls was collected from the Salah
Azaiez Institute and Charles Nicolle Hospital of Tunis
(Tunisia). The group of patients concerns 102 unrelated spo-
radic CRC cases (47 women, 55 men, with age range 58±14)
with no family cancer histories and classified on the bases of
their histopathological profiles. The healthy group concerns
139 unrelated persons from the region of Tunis. Consent for
the genetic study was obtained from volunteers. The charac-
teristics of the study subjects are summarized in Table 1,
where the colorectal cancer group and the control group are
presented with respect to the age and sex distributions.

DNA extraction

Genomic DNA was extracted from peripheral blood leuko-
cytes using conventional proteinase K digestion and phenol/
chloroform extraction method. A NanoDrop (ND-1000) is
used to quantify DNA.

Table 1 Characteristics of study subjects

Variable Cases, n (%) Control, n (%)

Overall 102 139

Gender

Male 55 (54.8) 47 (29.4)

Female 47 (45.2) 92 (70.6)

Age

Mean ± SD (year) 58.20±14.41 48.15±15.72
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Genotyping of polymorphisms

Polymorphisms have been genotyped by fluorescent-
based restriction fragment length polymorphism method
as reported previously [39]. DNA has been amplified
using the following primer pairs: forward primer AACA
AGTAAGAATGAAAAGAGGACATGGT, reverse primer
CCCCCAATGAGGTCATAGAAGAATC around the
IL17A G197A single nucleotide polymorphism (SNP).
The forward primer is fluorescently labeled. The PCR
amplification was performed in a total 10 μl mixture
containing 50 ng genomic DNA, 0.4 μM of each primer,
each deoxynucleotide triphosphate at 400 μM, 1.5 mM
MgCl2 contained in 10× PCR buffer, 0.4 U AmpliTaq
DNA polymerase (Applied Biosystems, Evry, France).
Thermocycling conditions were 94 °C for 5 min follow-
ed by 30 cycles of 94 °C for 20 s, 58 °C for 30 s, and
72 °C for 20 s with a final extension step of 72 °C for
7 min. Fluorescently labeled PCR products were incu-
bated overnight at 37 °C with EcoNI (New England
BioLabs) to reveal IL17A G197A polymorphism. The
digested PCR product was diluted 1:10 in ddH2O. A
volume of 2 μl of the digested PCR product was mixed
with 0.3 μl of internal size standard and 9.7 μl of
deionised formamide, denatured and separated on ABI
3130 genetic analyzer (ABI). The two alleles were eas-
ily separated using this method: for IL17A G197A, the
A Allele resulted in an undigested PCR product of
102 pb; the G allele, resulted in a digested PCR product
with two fragments of 68 and 34 pb; as the 68 pb
fragment contained the fluorescently labeled forward
primer, it was visualized on the ABI 3130. Allele typing
was performed with GeneMapper software (Applied
Biosystems, Evry, France).

Statistical analysis

The data were analyzed using SPSS software (version 11.5).
Significance of the association was determined by Pearson’s
chi-squared test χ2 and Fisher’s exact test. A value of p≤0.05
was considered significant.

Results

Genotypes and alleles frequencies of G197Avariant of IL17A
gene are shown in Table 2. Comparison between observed and
theoretical distributions showed that genotypes distribution at
SNP IL17A G197A is in agreement with Hardy-Weinberg
equilibrium in controls group as well as in patients.

The G allele for this SNP in healthy subjects tented to be
higher than in patients (82 vs 68 %), unlike the A allele that is
more frequent in patients compared to controls (18 vs 32 %).
Indeed, statistical analyses showed significant association be-
tween the A allele and risk of colorectal cancer in Tunisian
population (p=0.023; OR 2.14 (1.10–4.15)). Moreover, we
have noted that frequencies of IL17A G197A genotypes in
cases (GG 47.05 % and GA +AA 52.94 %) were significantly
different from those in controls (GG 68.34 % and GA + AA
31.65 %) (p=0.002; OR 2.45 (1.43–4.11)). This result shows
that most of the healthy subjects carries the wild type genotype
(GG 69 %) in contrast to patients (GG 48 %) suggesting that
GG genotype seems to confer protection against colorectal
cancer. While the IL17A/AA genotype could be considered as
susceptibility factor for developing colorectal cancer (p=
0.002; OR 2.45 (1.43–4.11)) (Table 2).

We next examined the possible association of G197A SNP
with gender and clinicopathologic features of patients (tumor
location, tumor differentiation, TNM stage, lymph node, and
metastasis) (Table 3). G197A variant is almost equally detected
in male and female (p=0.4). However, we showed that IL17A/
AA genotype is more frequent in colon compared to rectum and
in patients with tumor of higher differentiation than low or
moderate differentiation. This suggests that IL17AG197A poly-
morphism is significantly associated with tumor location and
tumor differentiation (p=0.003 and p=0.0005, respectively). In
addition, IL17A/AA genotype was found to be positively asso-
ciated with TNM III/IV stage colorectal cancer, showing a
significant risk for the late stage (p=0.005) (Table 3). On the
other hand, we observed no evidence of association between this
variant and tumor architecture and lymph node and metastasis.

To confirm that the IL17A polymorphism is associated
with tumor location, we investigated this association with
colon cancer and rectum cancer separately (Table 4). We
showed that IL17A G197A genotypes frequencies in cases

Table 2 Association between
IL17A polymorphism and colo-
rectal cancer

Genotype IL17A G197A Cases, n=102 (%) Control, n=139 (%) p value OR

GG 48 (47.05) 95 (68.34)

GA 51(40.19) 38 (34.53)

AA 3(2.95) 6 (4.31) 0.002 2.45 (1.43-4.11)
GA/AA 54(52.94) 44 (31.65)

G allele frequency 0.685 0.826 0.023 2.14 (1.10-4.15)
A allele frequency 0.315 0.174
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(GG 34.84 % and GA + AA 65.15 %) were significantly
different from those in controls (GG 68.34 % and GA + AA
31.65 % ) (p=0.00001; OR 3.77 (2.04-6.99)). In fact, IL17A
AG + AA genotypes were more frequent in patients with
colon cancer than in controls. In addition, the frequency of
the IL17A GG genotype is rather higher in controls. However,
there is no significant difference between the genotypes of
rectal cancer patients and controls (p=0.6).

This result suggests that IL17A polymorphism is rather
associated with colon cancer and not with rectal cancer. In-
deed, IL17A GG genotype could protect against colon cancer
unlike AA genotype that could increase the susceptibility of
colon cancer.

Discussion

It has recently been reported that the immune markers expres-
sion was different in adjacent mucosa and tumoral colorectal
tissues suggesting that specific T helper subsets are recruited at
the tumor colorectal site. Thus, immune coordination between
T helper subsets was found within the tumors. Th1, cytotoxic,
and TH17 clusters were associated with a particular clinical
outcome [40]. IL17A secreted by TH17 cells, innate lymphoid
cells exerts pro-inflammatory proprieties essential to the host
protection against extracellular pathogens. On the other hand,
IL17A has been implicated in the pathogenesis of several
chronic inflammatory disorders. Moreover, IL17 is considered
as an imported mediator in inflammation associated cancer.
Indeed, Il17 secreting cells have been identified in several types
of human cancers and inmurinemodels as well. Furthermore, it
has recently been reported that IL17 producing cells may
facilitate development of colorectal carcinoma by fostering
angiogenesis via promoting VEGF production from cancer
cells. This proposes IL17 as a novel indicator of prognosis in
the patients with colorectal carcinoma and could serve as a
novel therapeutic target for colorectal carcinoma [41].

The present study has been performed taking into account
the lack of report about the association between IL17A poly-
morphism and colorectal cancer.

In fact, we found a significant relationship between poly-
morphism of Il17A G197A and colorectal cancer in low-risk
Tunisian population. The IL17A/AA genotype was positively
correlated with increased risk of developing colorectal cancer
(p=0.002) (Table 2).

Previous results have found a significant relationship be-
tween polymorphism G197A of IL17A gene promoter and
cancer. In fact, the IL17A/197A allele was positively correlat-
ed with increased risk of developing gastric cancer in Japanese
people [21]. In addition, Tahara et al. reported the implication

Table 3 Association between IL17A G197A polymorphism and clinico-
pathological features of colorectal cancer

IL17A G197A

GG GA + AA p value RR

Gender

Male, n=55 25 30 0.43

Female, n=47 23 24

Tumor location

Colon, n=66 24 42 0.003 1.83 (1.23–2.71)

Rectum, n=36 24 12

Tumor differentiation

Low, moderate n=40 27 13 0.0005 1.99 (1.32–2.99)

High, n=62 21 41

TNM stage

I–II, n=30 20 10 0.005 1.71 (1.16–2.51)

III–IV, n=72 28 44

Tumor architecture

UBI/UI1, n=62 28 34 0.69

HCUB/CUB2, n=40 20 20

Lymph node

N0+N13, n=80 37 43 0.47

N24, n=22 11 11

Metastasis

M06, n=39 14 25 0.39

M17, n=15 8 7

UIB ulcerative infiltrative tumor budding,UI ulcerative infiltrative tumor,
HCUB hemi circumferential ulcerative tumor budding, CUB circumfer-
ential ulcerative tumor budding,N0 no regional lymph node involvement,
N1/N2 number of lymph nodes, M0 no distant metastasis, M1 distant
metastasis is present (Mx distant metastasis no evaluated is not included),
RR (95 % CI) relative risk (95 % confidence intervals)

Table 4 Association of IL17A
polymorphism with colon cancer
and rectum cancer

Colon tissue

IL17A G197A genotype Cases, n=66 (%) Control, n=139 (%) p value OR

GG 24 (34.84) 95 (68.34) 0.00001 3.77 (2.04–6.99)

GA + AA 42 (65.15) 44 (31.65)

Rectum tissue

IL17A G197A genotype Cases, n=36 (%) Control, n=139 (%) p value

GG 24 (72.22) 95 (68.34) 0.8

GA + AA 12 (27.77) 44 (31.65)

6630 Tumor Biol. (2014) 35:6627–6632



of IL17A 197G polymorphism in CpG island hyper-
methylation (CIHM) in gastric cancer. In fact, CIHM is one
of the major events in the gastric carcinogenesis [32]. In
contrast, Wu et al. showed that IL17A G197A polymorphism
was not associated with gastric cancer susceptibility in Chi-
nese population [31]. Other studies have also shown that
IL17A G197A/AA genotype was associated with susceptibil-
ity to develop bladder cancer, cervical cancer, and breast
cancer [34, 33, 42].

Further, exploring the relationship between IL17A G197A
genotypes with CRC stratified by tumor location, tumor dif-
ferentiation, tumor architecture, TNM stage, lymph node, and
metastasis, we observed that this polymorphism was signifi-
cantly associated with tumor location (p=0.003) and tumor
differentiation (p=0.0005). Moreover, IL17A/AA genotype
was found to be positively associated with TNM III/IV colo-
rectal cancer, showing a significant risk for the late stage (p=
0.005) unlike architecture tumor, lymph node, and metastasis
(Table 3). Moreover, Zhang et al. showed that patients with
the mutant A allele of IL17G197A tended to suffer mild active
ulcerative colitis (UC) suggesting that the IL17Avariant had a
weak association with the severity of UC [27]. Furthermore,
Zhou et al. demonstrated that IL17A/AA genotype was asso-
ciated with tumor stage of bladder cancer taking into account
gender and smoking status [34]. It has also been shown that
IL17 gene polymorphism G197A was associated with the
susceptibility of positive peritumor intravascular cancer em-
boli and with high clinical stage of cervical cancer in Chinese
women as well [33]. Shibata et al. investigated the association
between the severity of histologic gastritis and IL17AG197A.
IL17A/A allele had an increased risk of the development of
gastric mucosal atrophy, and a positive link between the
inflammation score and IL17A/AA genotype was observed
[21]. Finally, Wang et al. showed that IL17A G197A poly-
morphism is associated with occurrence and progression of
breast cancer considering tumor suppressor protein 53 (P53)
and progesterone receptor (PR) status [42].

In fact, we showed that this association between IL17A
G197A polymorphism and colorectal cancer is rather specific
to the colon cancer (p=0.00001) and not to rectal cancer (p=
0.8). In colorectal cancer samples, clinical research showed
increased IL17A expression [38, 43]. Chae et al. showed that
IL17A deficiency caused significantly reduced intestinal tu-
morigenesis inApcMin/+mice [44]. In addition,Wu et al. noted
that IL17A blocking antibody could inhibit enterotoxigenic
bacteroides fragilis (ETBF)-induced colon carcinogenesis
[45]. Therefore, IL17A may play a pathogenic role in colon
cancer [46].

In conclusion, our results provided the first evidence that
the IL17 polymorphism, whose function is still unclear, is
significantly associated with colorectal cancer susceptibility
especially with colon cancer risk. This leads to the conclusion
tha t tumors of co lon and rec tum are di f fe ren t

physiopathological entities. We also showed a significant
association of IL17Awith high tumor differentiation and with
the late stage of CRC. IL17A cytokine could be serving as
biomarker of disease location and progression? Further inves-
tigations in other cohorts are now needed and a comparative
analysis of the expression level of wild type and mutated gene
are essential in patients with different stage to clarify the
involvement of IL17A polymorphism in colorectal
carcinogenesis.
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