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Background: Several epidemiological studies have illustrated that polymorphisms in interleukin-2 

(IL-2) were associated with diverse cancer types. However, recently published statistics were 

inconsistent and inconclusive. Therefore, the current meta-analysis was performed to elaborate 

the effects of IL-2 polymorphisms (rs2069762 and rs2069763) on cancer susceptibility.

Material and methods: A total of 5,601 cancer cases and 7,809 controls from 21 published 

case–control studies were enrolled in our meta-analysis. Odds ratios (ORs) with 95% confi-

dence intervals (CIs) were estimated to assess the association between IL-2 polymorphisms 

and cancer susceptibility.

Results: Our study demonstrated an increased susceptibility to cancer in rs2069762 (G vs T: 

OR =1.268, 95% CI =1.113–1.445; GG vs TT: OR =1.801, 95% CI =1.289–2.516; GT vs TT: 

OR =1.250, 95% CI =1.061–1.473; GG + GT vs TT: OR =1.329, 95% CI =1.118–1.579; GG 

vs GT + TT: OR =1.536, 95% CI =1.162–2.030). In the subgroup analysis, increased suscep-

tibility to cancer was identified in the hospital-based group and P
HWE

,0.05 (P-value of the 

Hardy–Weinberg equilibrium [HWE]) group. In addition, a positive association with cancer 

susceptibility was observed among both Chinese and non-Chinese. However, no relationship 

was detected between the rs2069763 polymorphism of IL-2 and cancer susceptibility.

Conclusion: To conclude, rs2069762 polymorphism of IL-2 contributed to an increased 

susceptibility to cancer, whereas no association was identified between rs2069763 polymorphism 

and cancer susceptibility. Further detailed studies are warranted to confirm our findings.

Keywords: IL-2, polymorphism, cancer, meta-analysis

Introduction
Based on available epidemiological statistics, cancer has been one of the most common 

causes of morbidity and mortality around the world.1 In the People’s Republic of China, 

the overall cancer incidence rate and death rate were 235 and 114.3 (per 100,000 

population) in 2013, respectively.2 In the US, cancer is the second most common 

cause of death, and a total of 1,658,370 new cancer cases and 589,430 cancer deaths 

were expected to occur in 2015.3 Cancer is a heterogeneous disease due to the involve-

ment of complicated risk factors. There is an increase in the evidence that implies 

that predisposition to cancer is related to cytokines,4 such as interleukin (IL).5 Studies 

suggested that accumulation of genetic variants may be implicated in carcinogenesis.6 

Therefore, it would be of great importance to identify candidates for prevention and 

treatment of cancer.

IL-2 is an immunoregulatory cytokine produced by T helper type 1 cells when 

they are stimulated by mitogens, antigens, or major histocompatibility complexes 
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on antigen-presenting cells.7 It is involved in the chemical 

activity of T-cell-assisted immune responses and the 

enhancement of natural killer cell cytolytic process as 

a growth factor.8–10 Pleiotropic reactions in the immune 

system occur when IL-2 acts as a protein, which regulates 

the pro- and anti-inflammatory processes.11,12 Medical 

scientists currently report that polymorphisms of IL-2 

gene have been associated with susceptibility to a range of 

inflammation malfunctions and cancer,13 including gastric 

atrophy,14 rheumatoid arthritis,15 head and neck cancer,16 

gastric cancer (GC),17 nasopharyngeal carcinoma,18 non-

Hodgkin lymphoma,8 myelogenous leukemia,19 hepato-

cellular carcinoma (HCC),20 esophageal squamous cell 

carcinoma,21 breast cancer,6 and bladder cancer.22 Clinical 

studies had revealed that both specific and nonspecific anti-

tumor immune responses can be augmented by transfecting 

IL-2 gene into tumor cells.23,24

Human IL-2 gene is encoded on chromosome 4q26 with 

well-characterized single-nucleotide polymorphisms, among 

which one (-330T/G, rs2069762) has been identified in the 

promoter region15 and another (+114T/G, rs2069763) at 

position 114 from the initiation codon in the first exon.25 

Studies on IL-2 gene polymorphisms demonstrated that 

they play significant roles in regulating the rate of induc-

ible expression and secretion of IL-2.26,27 The association 

between single-nucleotide polymorphisms of IL-2 gene and 

susceptibility to inflammation-based cancers, such as HCC 

and GC, has been reported in previously published case–

control studies.7,8,10,13,17,19,28–33 However, the findings were 

inconsistent and inconclusive because of the limited sample 

size. A quantitative synthesis to accumulate all currently 

available statistics from various studies may uncover evi-

dences on the relationship between genetic polymorphisms 

and cancer susceptibility.

Although a meta-analysis of IL-2 rs2069762 polymor-

phism and cancer risk has already been published recently,34 

there existed some drawbacks in that study. First, only 

one polymorphism of IL-2 was identified, although other 

polymorphisms may also contribute to cancer susceptibil-

ity. Second, only ten publications were enrolled and one of 

them was ineligible.35 The cases and controls of these stud-

ies were limited (3,060 cases and 3,435 controls). Third, it 

drew a conclusion that Hardy–Weinberg equilibrium (HWE) 

status did not affect the relationship of IL-2 rs2069762 

polymorphism and cancer susceptibility, which may not 

be reliable. Fourth, we found that there existed publication  

bias among included publications after careful calculation. 

To avoid the abovementioned limitations, we conducted 

the present meta-analysis aiming to further evaluate the 

association of IL-2 rs2069763 and rs2069762 polymorphisms 

with overall cancer susceptibility in 12 publications with 

1,556 cases/2,405 controls and 4,054 cases/5,405 controls, 

respectively.

Materials and methods
search strategy
We conducted a comprehensive collection research by 

retrieving PubMed, Web of Science, and Google Scholar 

databases. The keywords of retrieve were (“IL-2” OR 

“interleukin-2”) AND (“polymorphism” OR “variant” OR 

“mutation”) in combination with (“cancer” OR “tumor” 

OR “carcinoma” OR “leukemia”) without language restric-

tion. The research design was limited to humans. All eligible 

studies were inspected carefully.

inclusion and exclusion criteria
Only those articles satisfying the following criteria were 

included: 1) studies that assessed the association between 

IL-2 polymorphisms and cancer susceptibility; 2) studies 

that were case–control or cohort in design; and 3) studies 

from which detailed genotype frequencies of cases and 

controls could be obtained directly or calculated from the 

available data. We excluded studies when they were 1) not 

case–control study, such as reviews, case reports, and com-

ments; 2) articles without sufficient data of IL-2 genotype; 

and 3) duplicate data.

Quality assessment
The quality of the enrolled studies was examined indepen-

dently by Xiuxiu Tan and Junjie Huang referring to the 

Newcastle–Ottawa scale,36 which evaluates the quality of 

nonrandomized studies by the selection of participants, com-

parability of groups, and exposure assessment. Disagreement 

was settled as described previously.

Data extraction
The details of each satisfied study were carefully filtered by 

three independent investigators (Meng Zhang, Xiuxiu Tan, and 

Junjie Huang). Any disagreements were resolved by discussion 

until a consensus was reached. The name of first author, the 

year of publication, ethnicity, source of control, genotyping 

method, the number of cases and controls, and the P-value of 

HWE in control groups were collected from each study.

statistical analysis
The STATA 12.0 software program (Stata Corp, College 

Station, TX, USA) was used to perform this meta-analysis. 

The odds ratio (OR) and 95% confidence interval (CI) were 
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calculated to assess the association between IL-2 gene poly-

morphisms and cancer susceptibility. Five different ORs were 

used to compute: allele contrast model (G vs T), dominant 

model (GG + GT vs TT), recessive model (GG vs GT + TT), 

heterozygote comparison (GT vs TT), and homozygote 

comparison (GG vs TT) (TT, homozygotes for the common 

allele; GT, heterozygotes; GG, homozygotes). We adopted 

chi-square test-based Q statistic test to assess the heterogene-

ity within the case–control studies. When the Q-test (P.0.1) 

shows homogeneity across studies, we should choose the 

fixed effects model;37 otherwise, the random effects model 

should be selected.38 In addition, the effect of heterogeneity 

was quantified by the I2 value (I2,25%: no heterogeneity; 

I2=25%–50%: moderate heterogeneity; I2=50%–75%: high 

heterogeneity; and I2.75%: extreme high heterogeneity).39 

We also measured the HWE of control groups. We applied 

stratification analyses on cancer type and ethnicity. Sensibil-

ity analysis was performed to assess the stability of the results 

by deleting one single case–control study each time from 

enrolled pooled data. In the end, the potential publication bias 

was evaluated by Begg’s funnel plot and Egger’s regression 

test. P,0.05 was considered as statistically significant.

Result
Included studies’ identification 
and characteristics
As shown in Figure 1, the literature research identified a total 

of 354 related publications. After reading the title and abstract, 

we reserved 18 articles concerning the association between 

IL-2 polymorphisms and cancer susceptibility. Additional 

six publications were excluded since there were no data for 

IL-2 polymorphisms or were duplicates or were about other 

IL polymorphisms. Finally, a total of 12 publications were 

enrolled. For IL-2 rs2069763 polymorphism, a total of five 

publications with six case–control studies comprising 1,556 

cases and 2,405 controls were enrolled, while 12 publications 

with 15 case–control studies comprising 4,045 cases and 5,404 

controls were included for rs2069762 polymorphism.

As shown in Table 1, for the six studies of IL-2 rs2069763 

polymorphism, three were hospital-based designs and the 

others were population-based designs. In addition, three 

studies conformed to HWE while others did not.31,32 As for 

IL-2 rs2069762 polymorphism, four studies were popula-

tion based and eleven were hospital based. Six conformed 

to HWE while others did not.7,8,13,17,28,30,31 When sorted by 

cancer type, there were two HCC studies, five GC studies, 

and eight other studies. In terms of the ethnic populations in 

these studies, nine were from the People’s Republic of China 

and six were non-Chinese.

results of pooled meta-analysis
Tables 2 and 3 presented the results of meta-analysis, 

it demonstrated that no significant association between 

IL-2 rs2069763 and cancer susceptibility was identified 

(Table 2, homozygous: OR =1.039, 95% CI =0.862–1.252; 

heterozygous: OR =1.046, 95% CI =0.888–1.232; recessive: 

Figure 1 Flow chart displaying the selection procedure.

• 
• 
• 
• 

• 
• 

• 
• 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2184

Zhang et al

Table 1 characteristics of eligible studies in this meta-analysis

SNP Reference Year Ethnicity Genotyping 
method

Source of 
control

Cancer type Case Control

TT TG GG TT TG GG HWE Y/N

rs2069763 Peng et al32 2014 chinese Pcr-rFlP hB hcc 21 56 30 78 117 92 0.002 n
Wei et al10 2010 chinese Pcr-rFlP hB nP 40 93 47 57 99 44 0.935 Y
song et al8 2012 chinese Pcr-rFlP hB nhl 128 220 90 138 240 104 0.985 Y
savage et al31 2004 chinese Pcr PB gcc 14 35 33 80 148 149 0.002 n
savage et al31 2004 chinese Pcr PB escc 26 41 44 80 148 149 0.002 n
hu et al28 2013 chinese Pcr hB Breast cancer 187 320 131 197 342 143 0.809 Y

rs2069762 Bei et al33 2014 chinese Pcr hB hcc 292 333 95 311 373 100 0.469 Y
Peng et al32 2014 chinese Pcr-rFlP hB hcc 47 54 6 101 158 28 0.003 n
Wei et al10 2010 chinese Pcr-rFlP hB nP 46 106 28 81 102 17 0.054 Y
song et al29 2012 Korean gOPa hB cl 7 11 5 87 54 7 0.706 Y
song et al8 2012 chinese Pcr-rFlP hB nhl 136 246 56 193 250 39 0 n
amirzargar et al13 2005 iranian Pcr-ssP PB cMl 4 24 2 16 23 1 0.032 n
Berković et al30 2010 caucasian Pcr hB geP-neT 46 41 14 83 63 4 0.047 n
Berković et al30 2010 caucasian Pcr hB PeT 21 17 8 83 63 4 0.047 n
Berković et al30 2010 caucasian Pcr hB gi-neT 25 24 6 83 63 4 0.047 n
savage et al31 2004 chinese Pcr PB gcc 20 47 16 109 174 96 0.116 Y
savage et al31 2004 chinese Pcr PB escc 33 43 35 109 174 96 0.116 Y
hu et al28 2013 chinese Pcr hB Breast cancer 192 357 89 275 351 56 0 n
shin et al17 2008 Korean Pcr hB gastric cancer 79 35 8 72 16 12 0 n
shen et al7 2012 chinese Pcr PB Bladder cancer 109 205 51 157 200 33 0.005 n
Wu et al19 2009 chinese Pcr hB gastric cancer 491 441 94 516 480 87 0.091 Y

Notes: PhWe.0.05, polymorphisms conformed to hWe in the control group and PhWe#0.05, polymorphisms did not conform to hWe in the control group.
Abbreviations: snP, single-nucleotide polymorphism; hWe, hardy–Weinberg equilibrium; Y, PhWe.0.05; n, PhWe#0.05; Pcr-rFlP, polymerase chain reaction-restriction 
fragment length polymorphism; hB, hospital based; hcc, hepatocellular carcinoma; nP, nasopharyngeal; nhl, non-hodgkin lymphoma; Pcr, polymerase chain reaction; 
PB, population based; gcc, gastric cardia cancer; escc, esophageal squamous cell carcinoma; Tag, Tagzilla algorithm; cl, childhood lymphoma; Pcr-ssP, polymerase chain 
reaction–sequence-specific primers; CML, chronic myelogenous leukemia; GEP-NET, gastroenteropancreatic neuroendocrine tumor; PET, pancreatic endocrine tumor; 
gi-neT, gastrointestinal neuroendocrine tumor; gOPa, goldengate™ oligonucleotide pool assay.

0.972, 95% CI =0.835–1.133; dominant: OR =1.060, 95% 

CI =0.912–1.230; and allele comparing: OR =0.983, 95% 

CI =0.895–1.079), whereas an increased susceptibility 

between cancer and rs2069762 polymorphism was uncov-

ered (Table 3, G vs T: OR =1.268, 95% CI =1.113–1.445; 

GG vs TT: OR =1.801, 95% CI =1.289–2.516, Figure 2; 

GT vs TT: OR =1.250, 95% CI =1.061–1.473; GG + GT vs 

TT: OR =1.329, 95% CI =1.118–1.579; GG vs GT + TT: 

OR =1.536, 95% CI =1.162–2.030).

result of subgroup
Tables 2 and 3 also show the outcomes of subgroup analysis. 

The data in Table 2 suggested that rs2069763 polymorphism 

of IL-2 has no significant association with cancer susceptibility 

in the subgroups sorted by either source of controls or P
HWE

. 

However, as for rs2069762 polymorphism (Table 3), it dem-

onstrated an increased susceptibility to cancer in the hospital-

based studies (G vs T: OR =1.286, 95% CI =1.095–1.511; 

GG vs TT: OR =1.950, 95% CI =1.279–2.971; GT vs 

TT: OR =1.220, 95% CI =1.017–1.464; GG + GT vs TT: 

OR =1.310, 95% CI =1.074–1.599, Figure 3; GG vs GT + 

TT: OR =1.683, 95% CI =1.180–2.400) and the P
HWE

,0.5 

group (G vs T: OR =1.341, 95% CI =1.151–1.561 and GG 

vs TT: OR =2.156, 95% CI =1.326–3.507, Figure 4; GT 

vs TT: OR =1.337, 95% CI =1.109–1.613; GG + GT vs 

TT: OR =1.421, 95% CI =1.175–1.720; and GG vs GT + 
TT: OR =1.827, 95% CI =1.173–2.845). In the subgroup 

meta-analysis by ethnicity, the rs2069762 polymorphism 

was observed with positive association with cancer 

susceptibility among both Chinese and non-Chinese. 

Specifically, the analysis indicated that non-Chinese popu-

lation suffered more risk from this polymorphism (G vs T: 

OR =1.652, 95% CI =1.302–2.097; GG vs TT: OR =4.264, 

95% CI =1.506–12.069, Figure 5; GT vs TT: OR =1.525, 

95% CI =1.089–2.136; GG + GT vs TT: OR =1.647, 95% 

CI =1.252–2.166; and GG vs GT + TT: OR =3.341, 95% 

CI =1.218–9.161) than Chinese (G vs T: OR =1.162, 

95% CI =1.013–1.332; GG vs TT: OR =1.438, 95% 

CI =1.058–1.954, Figure 5; GT vs TT: OR =1.180, 

95% CI =0.982–1.418; GG + GT vs TT: OR =1.223, 95% 

CI =1.003–1.490; and GG vs GT + TT: OR =1.302, 95% 

CI =1.040–1.629). However, no relationship was identified 

between the rs2069762 polymorphism of IL-2 and cancer 

susceptibility within a certain type of cancer.
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sensitivity analysis and publication bias
We executed a sensitivity analysis to assess the influence 

of separate study on the pooled ORs by excluding one 

single study each time and a negative result was achieved 

(Figure 6). We detected publication bias through Begg’s fun-

nel plot and Egger’s test. As shown in Figure 7, significant 

publications bias was revealed for rs2069762 (Egger’s test 

P=0.005), while no obvious bias was identified for rs2069763 

(Egger’s test P=0.146). Therefore, trim and fill method was 

conducted for rs2069762 to further evaluate the publication 

bias. As shown in Figure 8, four theoretical studies were 

added and no significant difference was obtained (P,0.05), 

proving the stability of our results. The quality of enrolled 

studies is presented in Table 4.

Discussion
The association between IL-2 gene polymorphisms and sus-

ceptibility to various cancers are widely discussed these days. 

Unfortunately, the results are inconsistent and inconclusive. 

A recent meta-analysis concerning the association between 

rs2069762 polymorphism of IL-2 and cancer susceptibility 

was published, and their results suggested that IL-2 rs2069762 

polymorphism was significantly associated with cancer risk. 

However, several limitations should be noted for this study. 

First, the investigators only enrolled ten publications for 

rs2069762 polymorphism, including ten case–controls com-

prising of 3,060 cases and 3,435 controls.34 However, one 

unqualified publication was enrolled,35 which adopted samples 

instead of blood tissues, distinguishing it from other enrolled 

studies and potentially contributing to bias. In the present 

work, we excluded this publication and added another three 

publications. We detected a total of 12 publications, including 

15 case–controls comprising of 4,045 cases and 5,404 con-

trols. Second, we also enrolled another IL-2 polymorphism 

(rs2069763), with five publications containing six case–

control studies comprising of 1,556 cases and 2,405 controls, 

which broadened the scope of analysis. Third, the subgroup 

analysis sorted by P
HWE

 in previous meta-analysis showed that 

P
HWE

 status did not affect the correlation between IL-2-330T/G 

polymorphism and cancer susceptibility. Nevertheless, in our 

study, a significant association was found between P
HWE

,0.05 

group and cancer susceptibility, while no association was 

identified between P
HWE

$0.05 group and cancer susceptibil-

ity. Our work demonstrated that the P
HWE

 status had a great 

effect on the pooled ORs. Although no publication bias was 

found in the previous study, when we excluded the ineligible 

study from the pooled data and assessed again, significant 

publication bias was uncovered.35T
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Figure 2 Or estimates with the corresponding 95% ci for the association of IL-2 rs2069762 polymorphism with overall cancer risk (gg vs TT); the sizes of the squares 
represent the weighting of included studies.
Note: Weights are from random effect analysis.
Abbreviations: Or, odds ratio; IL-2, interleukin-2.

Figure 3 Or estimates with the corresponding 95% ci for the association of IL-2 rs2069762 polymorphism with overall cancer risk (gg + gT vs TT) in the subgroups sorted 
by the source of control; the sizes of the squares represent the weighting of included studies.
Note: Weights are from random effect analysis.
Abbreviations: Or, odds ratio; IL-2, interleukin-2; hB, hospital-based; PB, population-based.
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Figure 4 Or estimates with the corresponding 95% ci for the association of IL-2 rs2069762 polymorphism with overall cancer risk (gg vs TT) in the subgroups of PhWe,0.5; 
the sizes of the squares represent the weighting of included studies.
Note: Weights are from random effect analysis.
Abbreviations: Or, odds ratio; IL-2, interleukin-2; Y, PhWe.0.05; n, PhWe#0.05.

Figure 5 Or estimates with the corresponding 95% ci for the association of IL-2 rs2069762 polymorphism with overall cancer risk (gg vs TT) in the subgroups sorted by 
ethnic lines; the sizes of the squares represent the weighting of included studies.
Note: Weights are from random effect analysis.
Abbreviations: Or, odds ratio; IL-2, interleukin-2.
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Figure 6 sensibility analysis in studies of the association between the IL-2 rs2069762 polymorphism and cancer susceptibility assessed by deleting one single case–control 
study at each time from inclusion pooled.
Abbreviation: IL-2, interleukin-2.

Figure 7 Publication bias in studies of the association between the IL-2 rs2069762 
polymorphism and cancer susceptibility assessed by Begg’s funnel plot and egger’s test.
Abbreviations: log(Or), the natural logarithm of the odds ratio; IL-2, interleukin-2; 
se, standard error.

θ

θ

Figure 8 Publication bias in studies of the association between the IL-2 rs2069762 
polymorphism and cancer susceptibility after the trim and fill method was assessed 
by Begg’s funnel plot and egger’s test.
Abbreviation: se, standard error.

Although we have conducted a comprehensive retrieve 

and revised the disadvantages of the previous study, there 

are still several limitations that should be noted. First, since 

cancer is considered a multifactorial disease with interactions 

between multiple environmental exposures and individual 

genetic backgrounds, we failed to analyze the gene–gene and 

gene–environment effects in this study due to insufficient 

data. Second, most of the included studies were conducted in 
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association between two polymorphisms of IL-2 gene

the Asian and Caucasian populations, thus, the conclusions 

may barely adapt to these populations. Further studies within 

different ethnic populations such as Africans and Latinos are 

warranted. Last but not least, the limited number of studies 

included in the meta-analysis may result in low statistical 

power to obtain an ideal precision of the pooled estimates.

Conclusion
In conclusion, our meta-analysis suggested that there is no 

association between rs2069763 polymorphism of IL-2 and 

cancer susceptibility, whereas an increased susceptibility to 

cancer was uncovered for rs2069762 polymorphism. Further 

well-designed studies are still warranted to further exclude 

the influence of P
HWE

,0.05 and hospital-based groups on 

cancer susceptibility.
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