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Abstract 

Background:  Numerous case-control studies have reported associations between interleukin-17 (IL-17) polymor-
phisms and colorectal cancer; however, the results were inconsistent. The aim of this meta-analysis was to further 
clarify the effects of IL-17 polymorphisms on colorectal cancer susceptibility.

Materials and method:  Relevant studies were extracted from the electronic databases PubMed, Embase, Web of 
Science, China National Knowledge Infrastructure (CNKI), and the Chinese Biomedical Literature Database (CMB) up to 
April 2021. The odds ratio and 95% confidence interval were used to estimate the strength of the associations.

Results:  Ten articles including 2599 cases and 2845 controls were enrolled in our research after strict literature 
screening. Highly significant associations between the IL-17A rs2275913 polymorphism and increased colorectal 
cancer susceptibility were observed in all five gene models (allelic, dominant, recessive, homozygous, and heterozy-
gous models), and subgroup analysis based on ethnicity revealed that these associations existed not only in the Asian 
population but also in the Caucasian population. However, the results showed no significantly elevated colorectal 
cancer risk correlated with the IL-17F rs763780 polymorphism, and a slightly lower colorectal cancer susceptibility for 
the Caucasian population was discovered in the recessive and homozygous models of this mutation.

Conclusion:  The IL-17A rs2275913 polymorphism may be an independent risk factor contributing to colorectal 
cancer susceptibility, while the IL-17F rs763780 polymorphism may decrease susceptibility to colorectal cancer. Future 
studies with large-scale samples are warranted to identify these associations.
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Introduction
Epidemiological data from the last year showed that colo-
rectal cancer has become the third most common and 
the second most lethal malignant tumor. With a high 
morbidity and mortality, colorectal cancer causes almost 
2 million diagnosed cases and approximately 1 million 

cancer-related deaths throughout the world per year [1], 
posing a major threat to normal life and imposing a heavy 
global burden on human health [2]. Although the specific 
mechanism of colorectal cancer tumorigenesis remains 
uncertain, accumulative evidence has demonstrated that 
factors, such as the environment, diet, smoking, alcohol, 
and some precancerous lesions, are closely associated 
with the occurrence of colorectal cancer [3–5]. How-
ever, even if exposed to the same environmental factors, 
only a small proportion of people suffer from colorectal 
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cancer, which suggests that genetic factors might play 
a crucial role in the pathogenesis of colorectal cancer. 
Some current studies have indicated that single-nucle-
otide polymorphisms, especially polymorphisms from 
inflammatory cytokines, interfere with and modify pro-
tein expression and increase colorectal malignant tumor 
susceptibility [6, 7].

The synergy of the tumor microenvironment and 
some inflammatory cytokines is well recognized in can-
cer progression [8, 9]. Chronic inflammation has been 
proven to be strongly associated with genetic instabil-
ity and related mechanisms in the cancer inflammatory 
microenvironment, indicating that gene mutation and 
inflammation may closely participate in the pathogen-
esis and progression of malignant tumors [10]. IL-17, also 
called IL-17A or CTLA-8, is an inflammatory cytokine 
secreted by T-helper 17 cells. As the named subspecies 
in the IL-17 gene family, it was first discovered from 
the cDNA of hybrid rodent T cells [11]. The IL-17 fam-
ily contains at least six members, IL-17A to F, with all of 
them having similar gene sequences and biological func-
tions [12]. Recently, a number of studies have confirmed 
the effects of IL-17 on the initiation and development of 
multiple types of malignancies, including hepatocellular 
carcinoma [13], lung cancer [14], pancreatic cancer [15], 
and cervical cancer [16]. Although IL-17A and IL-17F 
were clarified as risk factors for colorectal cancer during 
the most recent decades [17], the concrete reasons were 
unclear.

It is widely reported that IL-17A and IL-17F polymor-
phic variants are correlated with increased susceptibility 
to several digestive system primary malignancies, such 
as gastric cancer [18], esophageal cancer [19], hepato-
cellular carcinoma [20, 21], and oral squamous cell car-
cinoma [22]. Additionally, some scholars proposed that 
the IL-17F polymorphism might confer poor survival for 
advanced pancreatic cancer patients [23]. Positive rela-
tionships were observed between inflammatory bowel 
diseases, regarded as precancerous lesions of colorectal 
cancer, and IL-17A and IL-17F polymorphisms in sev-
eral previous studies [24, 25], and an increasing number 
of studies have been performed to investigate whether 
these polymorphisms contribute to colorectal cancer; 
however, the results were still inconclusive. Hence, this 
meta-analysis was conducted to first explore the asso-
ciation between IL-17A rs2275913 and IL-17F rs763680 
polymorphisms and colorectal cancer.

Materials and methods
Search strategy for the literature
An Internet search for the literature published in Eng-
lish or Chinese was conducted from the establishment 
date of the PubMed, Web of Science, Embase, CNKI, 

and CMB databases to April 2021, with the following 
keywords: “interleukin-17 or IL-17 or CTLA-8,” “CRC 
or colorectal cancer or colon cancer or rectal cancer,” 
and “SNP or polymorphism or single-nucleotide poly-
morphism or gene mutation or gene variant.” Relevant 
conference papers were retrieved using the journal 
database of the National Library of China by a manual 
search.

Inclusion and exclusion criteria
All of the eligible studies included in this meta-analysis 
met the following criteria:

(1)	 The studies were set out to investigate the asso-
ciations between IL-17A rs2275913 or IL-17F 
rs763780 polymorphisms and colorectal cancer sus-
ceptibility.

(2)	 The studies were case-control studies.
(3)	 There were available and adequate genotype fre-

quencies to evaluate the odds ratio (OR) and 95% 
confidence interval (CI).

(4)	 The studies were carried out only on human beings.

The studies with the following criteria were excluded 
from this meta-analysis:

(1)	 The aims of the studies were not to detect the effect 
of IL-17A rs2275913 or IL-17F rs763780 polymor-
phism on colorectal cancer.

(2)	 Non-case-control studies
(3)	 Duplicated publications or studies with overlapping 

data
(4)	 The studies without extractable data of genotype 

frequencies
(5)	 The publications were identified as reviews, case 

reports, letters to editors, and brief communica-
tions.

Data extraction
Available data were extracted by two independent inves-
tigators from the enrolled articles, including the study 
author, study year, study design, ethnicity of population, 
source of controls, genotyping methods, matching crite-
ria of cases and controls, genotype frequencies, and the 
calculated Hardy–Weinberg equilibrium (HWE). For 
repeated publications, only the studies with the largest 
sample size and highest quality or the most exhaustive 
information were selected. If any disagreement appeared, 
a third investigator was involved in the discussion until a 
final agreement was reached.
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Quality score assessment
The quality of each enrolled study was assessed by the 
developed standard consisting of 6 aspects of representa-
tiveness of cases, source of controls, case-control match-
ing, specimens used for determining genotypes, HWE, 
and total sample size as previously reported (Table  1) 
[26]. The total score ranged from 0 to 18, and the score 
for each aspect ranged from 0 to 3. Literature with a total 
score ≥ 12 was considered high quality; otherwise, litera-
ture with a total score < 12 was considered low quality.

Statistical analysis
All statistical tests in this study were bilateral, and dif-
ferences with P < 0.05 were considered statistically 
significant unless otherwise stated. The association of 
mutation sites with colorectal cancer risk was assessed 
by the odds ratio (OR) and its corresponding 95% con-
fidence interval (CI), and the Z-test was used for the 
statistical significance test of the combined OR value. 
The χ2 test was used to test whether the genotypes of 
the control group met HWE. The Cochrane Q-test was 
used to detect whether heterogeneity existed among the 
studies, and its statistical quantity Q approximately fol-
lowed the χ2 distribution with k-1 degrees of freedom 

(k was the number of studies). A P-value less than 0.10 
suggested that heterogeneity existed among studies. At 
the same time, heterogeneity was quantitatively evalu-
ated by combining the I2 values. The I2 value ranged 
from 0 to 100%, and the larger the value was, the higher 
the heterogeneity. In general, I2 less than 25% indicated 
mild heterogeneity, I2 between 25 and 50% indicated 
moderate heterogeneity, and I2 more than 50% indi-
cated high heterogeneity. When the heterogeneity test 
in various studies was P < 0.10 or I2 > 50%, the ran-
dom effect model (DerSimonian–Laird method) was 
employed for meta-analysis; otherwise, the fixed effect 
model (Mantel–Haenszel method) was employed. Sen-
sitivity analysis was performed to determine the stabil-
ity of conclusions by removing the enrolled studies one 
by one and estimating whether the results changed. The 
funnel plots drawn by effect size and standard error 
were carried out to evaluate possible publication bias, 
and Begg’s rank correlation was used to test the asym-
metry of the funnel plots. All statistical analyses were 
calculated using Stata version 13.0 software (STATA 
Corporation, College Station, TX, USA).

Results
Characteristics of publications
In total, 1353 related articles were obtained in the pre-
liminary examination, and the remaining 619 articles 
were excluded from repeated articles. According to the 
inclusion and exclusion criteria, the preliminary screen-
ing for articles was conducted by reading titles and 
abstracts, and 426 articles unrelated to the research topic 
were excluded. After further reading the full text, 298 
articles were excluded, including 193 studies unrelated 
to colorectal cancer, 71 abstracts or systematic reviews, 
27 non-case-control or cohort studies, 4 prognostic stud-
ies of colorectal cancer, 2 without complete genotype 
frequency or available data, and 1 with duplicated data. 
Finally, 14 case-control studies, including 2599 cases and 
2845 controls from 10 papers meeting the inclusion crite-
ria, were selected for this meta-analysis [27–36] (Fig. 1). 
The first authors for each included paper were from 6 
different nations, and the geographical areas consisted 
of East Asia, West Asia, and North Africa. The number 
of coauthors in each paper ranged from 2 to 13, and the 
researchers of 6 papers received explicit funding support. 
Among the included studies, 8 were conducted for the IL-
17A rs2275913 polymorphism, and 6 were conducted for 
the IL-17F rs763780 polymorphism; meanwhile, 6 were 
conducted on Asians, and 8 were conducted on Cauca-
sians. A total of 9 studies were considered high quality (≥ 
12) via quality score assessment. The basic characteristics 
of each included study are summarized in Table 2.

Table 1  The criteria list of quality score for included studies

Criterion Score

Representativeness of cases
  Selected from population or cancer registry 3

  Selected from hospital 2

  Selected from pathology archives, but without description 1

  Not described 0

Source of controls
  Population based 3

  Blood donors or volunteers 2

  Hospital based (cancer-free patients) 1

  Not described 0

Case-control match
  Matched by age and gender 3

  Not matched by age and gender 0

Specimens used for determining genotypes
  White blood cells or normal tissues 3

  Tumor tissues or exfoliated cells of tissue 0

Hardy–Weinberg equilibrium (HWE)
  Hardy–Weinberg equilibrium in control subjects 3

  Hardy–Weinberg disequilibrium in control subjects 0

Total sample size
  > 1000 3

  > 500 and < 1000 2

  > 200 and < 500 1

  < 200 0
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Associations between the IL‑17A rs2275913 polymorphism 
and colorectal cancer
Overall, the analysis revealed that all five genetic models 
(allelic, dominant, recessive, homozygous, and heterozy-
gous models) of the IL-17A rs2275913 polymorphism 
were related to an elevated colorectal cancer risk (A vs. 
G: OR = 1.59, 95% CI = 1.34–1.89, P < 0.001; AA/AG 
vs. GG: OR = 1.75, 95% CI = 1.36–2.25, P < 0.001; AA 
vs. GG/AG: OR = 1.74, 95% CI = 1.41–2.15, P < 0.001; 
AA vs. GG: OR = 2.05, 95% CI = 1.62–2.60, P < 0.001; 
AG vs. GG: OR = 1.60, 95% CI = 1.23–2.09, P = 0.001) 
(Table  3). When subgroup analysis was performed 
according to ethnicity, a higher risk of colorectal cancer 
was observed not only in the Asian population (A vs. G: 
OR = 1.52, 95% CI = 1.16–2.01, P =0.003; AA/AG vs. 
GG: OR = 1.62, 95% CI = 1.18–2.23 P =0.003; AA vs. 
GG/AG: OR = 1.72, 95% CI = 1.26–2.34, P = 0.001; AA 
vs. GG: OR = 2.10, 95% CI = 1.49–2.96, P < 0.001; AG vs. 
GG: OR = 1.43, 95% CI = 1.14–1.80, P = 0.002) but also 
in the Caucasian population (A vs. G: OR = 1.67, 95% CI 
= 1.30–2.14, P < 0.001; AA/AG vs. GG: OR = 1.88, 95% 
CI = 1.26–2.81 P =0.002; AA vs. GG/AG: OR = 1.76, 
95% CI = 1.32–2.36, P <0.001; AA vs. GG: OR = 2.01, 
95% CI = 1.46–2.77, P < 0.001; AG vs. GG: OR = 1.76, 
95% CI = 1.11–2.80, P = 0.017) (Fig.  2, Supplementary 
Fig. 1 A–D). The result from stratified analysis classified 
by the source of controls exhibited a significant colorec-
tal cancer susceptibility correlated to IL-17A rs2275913 
polymorphism in population-based (PB) (A vs. G: OR 
= 1.47, 95% CI = 1.25–1.72, P <0.001; AA/AG vs. GG: 
OR = 1.50, 95% CI = 1.23–1.83, P <0.001; AA vs. GG/
AG: OR = 1.74, 95% CI = 1.39–2.18, P <0.001; AA vs. 
GG: OR = 1.96, 95% CI = 1.53–2.50, P <0.001; AG vs. 
GG: OR = 1.35, 95% CI = 1.11–1.65, P = 0.003) and in 

hospital-based (HB) controls (A vs. G: OR = 2.15, 95% CI 
= 1.41–3.29, P <0.001; AA/AG vs. GG: OR = 3.15, 95% 
CI = 1.59–6.21, P =0.001; AA vs. GG: OR = 3.20, 95% CI 
= 1.52–6.76, P =0.002; AG vs. GG: OR = 2.95, 95% CI = 
1.82–4.79, P <0.001) except for the recessive model.

Associations between the IL‑17F rs763780 polymorphism 
and colorectal cancer
No significant associations between the IL-17F rs763780 
polymorphism and colorectal cancer were detected in 
the overall analysis (Table 3). We also failed to find any 
correlations in further subgroup analyses based on the 
source of controls and genotyping methods. Interestingly, 
when stratified analysis was classified by ethnicity (Fig. 3, 
Supplementary Fig.  2 A–D), we discovered a decreased 
colorectal cancer risk for the Caucasian population in the 
recessive model (CC vs. CT/TT: OR = 0.54, 95% CI = 
0.30–0.98, P =0.042) and homozygous model (CC vs. TT: 
OR = 0.43, 95% CI = 0.21–0.87, P = 0.019).

Sensitivity analysis and cumulative meta‑analysis
The goal of the sensitivity analysis was to detect whether 
the pooled OR results could be affected by any sin-
gle enrolled study. We found no significant alteration 
in the pooled OR for the IL-17A rs2275913 and IL-17F 
rs763780 polymorphisms when any one study was elimi-
nated from this meta-analysis, indicating the reliability of 
our results. The cumulative analysis was performed on 
the basis of the publication year of the literature, and the 
results showed that as the number of studies increased, 
the combined effect sizes and confidence intervals tended 
to be stable.

Fig. 1  Flow diagram for the literatures included in this present meta-analysis
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Publication bias
For the assessment of publication bias, Begg’s funnel 
plot and Egge’s test were conducted (Fig. 4, Supplemen-
tary Fig.  3 A–D). The results for the IL-17A rs2275913 
polymorphism displayed a certain publication bias in the 
allelic model (P = 0.001) (Fig. 4) and dominant model (P 
= 0.001) (Supplementary Fig.  3A), and a slight publica-
tion bias was observed in the heterozygous model (P = 
0.021) (Supplementary Fig.  3D). Regarding the IL-17F 
rs763780 polymorphism, the funnel plots for all of the 
models were symmetrical and suggested the absence of 
significant publication bias (Fig. 5, Supplementary Fig. 4 
A–D).

Discussion
Growing evidence has revealed a positive influence of the 
inflammatory cytokine IL-17 on colorectal cancer devel-
opment, leading to a poor prognosis for patients. Fur-
ther studies explicitly determined that IL-17 is involved 
in colorectal cancer cell proliferation [37], migration 
and invasion [38], angiogenesis [39], and enhanced drug 
resistance [40, 41] by regulating a series of downstream 
signaling pathways, significantly improving the tumo-
rigenesis, invasive and distant metastasis capabilities of 

colorectal cancer. The role of IL-17 in the occurrence of 
colorectal cancer has also received increasing attention.

Among the six members of the IL-17 family, IL-17F 
shared the most similar amino acid sequence and over-
lapping functions with IL-17A [42]. Each of the two 
genes consisted of 3 exons and 2 introns and was located 
on chromosome 6p12.3-q13. The genetic variant of IL-
17A rs2275913 was located in the 5′-UTR, which is 
involved in gene transcription regulation and changes the 
roles of some cytokines [43]. The IL-17F rs763780 poly-
morphism was identified as a missense mutation located 
in the coding region, with the amino acid modification 
of the conversion of His to Arg, resulting in potential 
changes in protein expression and possible cancer risk 
[30]. An increasing number of studies and meta-analyses 
have been performed to explore associations between the 
IL-17A rs2275913 and IL-17F rs763780 polymorphisms 
and various types of malignant tumors in recent years 
[44–46]; however, the related findings for colorectal can-
cer display no consensus. Thus, this meta-analysis was 
performed to detect whether both polymorphisms con-
tribute to colorectal cancer susceptibility.

Our present research was comprised of 2599 cases 
and 2845 controls from the 10 selected case-control 
studies. The overall analysis results revealed highly 

Fig. 2  The forest plot of the allelic model (A vs. G) for the associations between IL-17A rs2275913 polymorphism and colorectal cancer. The 
study-specific ORs are represented as squares. The size of the square indicates the weight of each study. The horizontal lines represent 95% CIs. 
Diamonds show the overall estimate or pooled ORs in subgroups with their corresponding 95% CIs
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significantly positive associations between the IL-17A 
rs2275913 polymorphism and colorectal cancer in all 
five genetic models (A vs. G, AA/AG vs. GG, AA vs. 
AG/GG, AA vs. GG, and AG vs. GG), suggesting that 
this mutation may be a remarkable genetic risk factor in 
the tumorigenesis of colorectal cancer. However, when 

the analysis was performed for the IL-17F rs763780 
polymorphism, no associations for colorectal cancer 
were observed in any genetic models (C vs. T, CC/CT 
vs. TT, CC vs. CT/TT, CC vs. TT, and CT vs. TT). The 
combined effect size did not change significantly when 
the enrolled studies were excluded one by one, ensuring 
the reliability of these associations. In addition, it was 

Fig. 3  The forest plot of the allelic model (C vs. T) for the associations between IL-17F rs763780 polymorphism and colorectal cancer. The 
study-specific ORs are represented as squares. The size of the square indicates the weight of each study. The horizontal lines represent 95% CIs. 
Diamonds show the overall estimate or pooled ORs in subgroups with their corresponding 95% CIs

Fig. 4  The funnel plot performed to detect the publication bias 
of included studies regarding IL-17A rs2275913 polymorphism 
in the allelic model (A vs. G). Each cycle represents an individual 
case-control study

Fig. 5  The funnel plot performed to detect the publication bias of 
included studies regarding to IL-17F rs763780 polymorphism in the 
allelic model (C vs. T). Each cycle represents an individual case-control 
study
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noteworthy that heterogeneities existed in the statisti-
cal results for some genetic models.

To explore the origin of heterogeneities and further 
explain the impact of different factors on the contribu-
tions of IL-17A rs2275913 and IL-17F rs763780 poly-
morphisms to colorectal cancer susceptibility, a series of 
subgroup analyses based on the aspects of race, source of 
controls, and genotyping method were conducted. The 
results of the analysis classified by ethnicity displayed 
an increased colorectal cancer risk from the IL-17A 
rs2275913 polymorphism in both the Asian and Cauca-
sian subgroups, revealing that this mutation might inde-
pendently increase the susceptibility to colorectal cancer 
risk in Asian and Caucasian populations. However, for 
the IL-17F rs763780 polymorphism, a decreased risk 
correlated with colorectal cancer in the Caucasian sub-
group was observed in the recessive and homozygous 
models, which suggested that the biological functions 
of the IL-17F rs763780 polymorphism for populations 
from various races were possibly discrepant and provided 
a negative predictor for colorectal cancer occurrence in 
Caucasians; however, due to the insufficient sample size, 
such a result needs to be identified by further studies. 
When stratified analysis was performed in terms of the 
source of controls, we found that only the HB population 
in the recessive model of the IL-17A rs2275913 polymor-
phism showed no significant relationship with elevated 
colorectal cancer risk. Since patients with self-underly-
ing diseases were included, potential selection bias was 
likely to decrease the representativeness of controls in 
the HB group compared to those in the PB group [47]. 
In the models of the IL-17F rs763780 polymorphism, no 
significant association with colorectal cancer susceptibil-
ity was observed in either PB or HB populations. We fur-
ther discovered some statistical discrepancies among the 
subgroups divided by genotyping methods for the IL-17A 
rs2275913 polymorphism. The explanation may be that 
various gene detection methods have different theories 
and advantages, which possibly lead to different testing 
results [48].

Although this meta-analysis was performed with rigor-
ous design and exact calculations, several inevitable limi-
tations should be noted. First, some heterogeneities were 
observed in the overall analyses for both polymorphisms, 
and stratified analyses classified by ethnicity, the source 
of controls, and some other subgroups failed to com-
pletely eliminate these heterogeneities. Second, system-
atic reviews using case-control studies are prone to error 
of inappropriate selection of control groups for compari-
son. The data of age, sex, living styles, and exposures to 
smoking or drinking were unable to be further extracted, 
and since such factors may also impact the occurrence 
and development of cancer, available information of these 

unadjusted estimates was essential for a more accurate 
analysis. Third, all of the selected studies were conducted 
in Asian and Caucasian populations, and the geographic 
areas were limited to East Asia, West Asia, and North 
Africa. Such geographical bias might be attributed to 
more attention given to colorectal cancer prevention due 
to the substantially increased colorectal cancer incidence 
in Arab and eastern Asian countries during recent years 
[49–52]. In addition, a candidate gene association study 
was a cost-effective and convenient hypothesis-driven 
approach, which may make it readily available to inves-
tigate genetic susceptibility to colorectal cancer in these 
countries [53]. Therefore, studies with related data from 
other races and geographic areas are required to verify 
these findings. Fourth, all of the included literature was 
published in English and Chinese, and papers written in 
other languages and unpublished data due to negative 
results were not obtained, which may be responsible for 
the publication bias detected in the IL-17A rs2275913 
polymorphism. Future analysis with more enrolled stud-
ies would likely overcome this issue. Moreover, the sam-
ple size of this meta-analysis was relatively small, and the 
findings need to be discussed in further studies with large 
samples.

Admittedly, the results should be interpreted with cau-
tion due to these limitations, but some possible benefits 
of our present study may be worthy of attention. First, to 
the best of our knowledge, this was the first meta-analysis 
to specifically detect the relationships between IL-17 pol-
ymorphisms and colorectal cancer risk. Furthermore, in 
this study, we sought to systematically evaluate previous 
studies by a meta-analysis to obtain reliable conclusions 
about the association of IL-17A rs2275913 and IL-17F 
rs763780 polymorphisms with susceptibility to colorec-
tal cancer, which probably provides a new perspective for 
mechanistic research and a novel direction for the clini-
cal treatment of this life-threatening malignancy. Finally, 
the potential uses of our findings also included earlier 
screening and family genetic testing for identifying high-
risk patients.

In conclusion, this meta-analysis displayed a signifi-
cant association between the IL-17A rs2275913 poly-
morphism and susceptibility to colorectal cancer among 
Asians and Caucasians, which provided a potential risk 
factor for colorectal cancer for the two populations. 
Although we failed to discover any positive effects of 
the IL-17F rs763780 polymorphism on colorectal cancer 
occurrence, this mutation may decrease the colorectal 
cancer risk in Caucasians. The analysis results shown in 
our present research should be confirmed by continued 
well-designed and high-level studies, especially some 
prospective studies, in the future.
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