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ABSTRACT. In order to make a comprehensive assessment of the 
potential association between two genetic variants in the IL-10 gene 
promoter, -1082 A>G (rs1800896) and -592 C>A (rs1800872), and 
colorectal cancer (CRC) risk, we conduced a meta-analysis of seven 
epidemiological studies, which included 1469 colorectal cancer 
cases and 2566 controls. Neither of the two polymorphisms had 
any association with increased CRC risk in overall population [for 
rs1800896: odds ratio (OR) = 0.90, 95% confidence interval (95%CI) 
= 0.76-1.06 in the dominant model and for rs1800872: OR = 1.06, 
95%CI = 0.91-1.23 in the dominant model]. In subgroup analysis of the  
rs1800896 polymorphism, the results did not change when the analyses 
were restricted to individual studies, or those fulfilling Hardy-Weinberg 
equilibrium, or according to the source of controls. For rs1800872, 
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however, when stratifying by the source of controls, the A allele had a 
significant increased risk of CRC among studies with population-based 
controls in the codominant model (AC vs CC: OR = 1.30, 95%CI = 
1.04-1.63) and dominant model (AA/AC vs CC: OR = 1.25, 95% CI 
= 1.01-1.55). Based on this meta-analysis, we conclude that the IL-10 
rs1800872 polymorphism could be a risk factor for CRC development 
among European populations. However, we found no association 
between the IL-10 rs1800896 polymorphism and CRC risk. Further 
studies, either with larger sample size or involving other SNPs and 
haplotypes of the IL-10 gene, are necessary to clarify the contribution 
of IL-10 genetic variations in colorectal carcinogenesis.
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INTRODUCTION

Colorectal cancer (CRC) remains a major public health problem in the world, and 
is the third most common cancer in males and the second in females, with 26,470 deaths in 
males and 25,220 deaths in females expected to occur in 2012 in the United States (Siegel et 
al., 2012). It is widely accepted that cancer-associated inflammation promotes tumor growth 
and progression by inducing gene mutations, inhibiting apoptosis, and stimulating angio-
genesis and cell proliferation (Baniyash, 2006; Vidal-Vanaclocha, 2009). Since the first case 
of inflammatory bowel disease associated with CRC was reported by Crohn and Rosen-
berg (1925), the association between chronic inflammation and CRC has been assessed by 
numerous laboratories worldwide (Lakatos and Lakatos, 2008; Xie and Itzkowitz, 2008; 
Triantafillidis et al., 2009). Accordingly, it is proposed that anti-inflammatory agents may 
protect colon and rectum from cancer development and metastasis. Convincing evidence 
from epidemiological studies has shown that aspirin and other non-steroidal inflammatory 
drugs may inhibit colorectal carcinogenesis (Tuynman et al., 2004; Chan et al., 2007).

Cytokines are important modulators for inflammatory response, whose functions can 
be crudely classified as pro-inflammatory [e.g., interleukin-1 (IL-1), tumor necrosis factor, in-
terferon gamma (IFN-γ), IL-12, IL-18, and granulocyte-macrophage colony-stimulating fac-
tor] or anti-inflammatory [e.g., IL-4, IL-10, IL-13, IFN-α, and transforming growth factor beta 
(Hanada and Yoshimura, 2002). In recent years, more and more investigators have devoted 
themselves to detecting single nucleotide polymorphisms (SNPs) and microsatellite poly-
morphisms within cytokine gene sequences, particularly within the promoter regions of these 
genes that have been found to be associated with cancer risks. Several of these polymorphisms 
may regulate levels of gene transcription and influence cancer susceptibility, development and 
prognosis. In this study, we focused on the role of IL-10 promoter gene polymorphisms in 
CRC predisposition.

The gene encoding IL-10 is located on chromosome 1 (1q31-1q32), comprising five 
exons (Eakdale et al., 1997). Two SNPs within the IL-10 gene promoter, rs1800896 (-1082 
A>G) and rs1800872 (-592 C>A), were reported to be associated with different IL-10 expres-
sion. The variant G allele at the -1082 locus was correlated with increased IL-10 expression 
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and the variant A allele at the -592 locus was associated with decreased IL-10 expression in the 
in vitro experiment. -A1082G, -C819T, and -A592C combine to form three haplotypes; GCC, 
ACC, and ATA, which are linked to IL-10 expression level (Crawley et al., 1999; Crivello et 
al., 2006). Dysregulation of IL-10 gene expression and IL-10 promoter polymorphisms were 
reported to be associated with numerous autoimmune and infectious diseases and even malig-
nancies (Howell and Rose-Zerilli, 2007).

Recently, several important polymorphic sites in the IL-10 gene, such as rs1800896 
and rs1800872, have been found to be involved in the pathogenesis of CRC. However, the 
results from different laboratories are conflicting. With the aim of providing a more precise 
estimation of the potential associations of the two polymorphisms with colorectal cancer risk, 
we performed a meta-analysis of the candidate eligible studies.

MATERIAL AND METHODS

Identification of eligible studies

PubMed, Embase, and Web of Science (updated to February 20, 2011) were searched 
by using the key words related to IL-10 gene polymorphisms and CRC (including colon, 
rectum or colorectal cancer; the full-search strategy is available from the authors on request). 
We also obtained the potentially relevant articles by hand-searching the reference lists for all 
original or review articles on this topic, as well as PubMed option ‘Related Articles’ in each 
research paper. The inclusion criteria were described as follows: i) published in English; ii) 
reports on human beings; iii) investigation of the association between promoter polymor-
phisms in IL-10 rs1800896, rs1800872 and cancer risk (including colon, rectum or colorectal 
cancers); iv) retrospective case-control studies or prospective cohort studies; v) containing 
available genotype frequency or odds ratio (OR) with its 95% confidence interval (95%CI). 
Reports on patients known to have hereditary CRC syndromes, such as hereditary nonpol-
yposis CRC or familial adenomatous polyposis, as well as patients with precancerous lesions 
or adenomas were excluded (Gunter et al., 2006; Talseth et al., 2007; Lakatos and Lakatos, 
2008). When there were multiple reports published for the same population, only the most 
recent or complete paper was selected in this meta-analysis.

Search methods and data extraction

Two investigators (Y.M. Zhang and Z. Xu) independently searched the electronic 
databases (PubMed, Embase and Web of Science) and reviewed the abstracts or full texts 
to determine if they met the inclusion criteria. They also screened the references in the 
studies and PubMed option “Related Articles” to identify additional papers. Any discrep-
ancy in studies’ eligibility was adjudicated by Professor C.J. Tang. Data were extracted 
from all eligible publications independently by two of the authors (Y.M. Zhang and X.C. 
Zhou), where disagreements were resolved by discussion between the authors until a con-
sensus was reached on every item. The following information was extracted from each 
study: first author name, publication year, country where this study was conducted and 
ethnicity, sum of genotype frequency for cases and controls, source of control groups, and 
genotyping methods.
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Statistical analysis

For our main analysis, we evaluated cancer risks with the heterozygote and rare ho-
mozygote, compared with the common homozygote [AG vs AA, GG vs AA in rs1800896 
(A>G) and AC vs CC, AA vs CC in rs1800872 (C>A)], and then investigated the risks related 
to the dominant and recessive genotype model (AG/GG vs AA, GG vs AG/AA in rs1800896 
and AA/AC vs CC, AA vs AC/CC in rs1800872), assuming the dominant and recessive effects 
of the variant G and A alleles between cases and controls, respectively. For each study, Hardy-
Weinberg equilibrium (HWE) was also evaluated using the goodness-of-fit chi-square test. 
Stratified analysis was further performed to evaluate the association between IL-10 gene poly-
morphisms and CRC risk. The strength of the associations between the IL-10 gene promoter 
polymorphisms and cancer risk was presented as the OR and corresponding 95%CI. The value 
of pooled OR was tested using the Z-test and was considered to be statistically significant at 
P < 0.05 (Breslow and Day, 1987). The pooled OR was calculated by a fixed-effects model 
(using the Mantel-Haenszel method) or a random-effect model (using the DerSimonian and 
Laird method) according to the heterogeneity among studies (Midgette et al., 1994). Sensitiv-
ity analysis was conducted by omitting each study to assess the stability of the results. Fun-
nel plots and the Egger linear regression test were used to provide diagnosis of the potential 
publication bias. All statistical analyses were conducted using Stata/SE version 10.0 (Stata 
Corporation, College Station, TX, USA).

RESULTS

Characteristics of eligible studies

A total of eight studies meeting the inclusion criteria were retrieved from the searched 
databases. In the eight papers, three polymorphisms in the IL-10 gene promoter were analyzed 
(at positions -1082, -819 and -592) and only three studies investigated the association of -819 
SNPs with CRC. As the allele or genotype frequencies of the IL-10 gene -819 polymorphism 
were not reported in the study by Lee et al. (2010), we excluded it from the analysis. Finally, 
the meta-analysis was performed based on seven studies with a total of 1469 CRC cases and 
2566 controls from different countries in Europe, for assessing the associations of two poly-
morphisms in the IL-10 gene (rs1800896, rs1800872) with CRC risks (Macarthur et al., 2005; 
Crivello et al., 2006; Cozar et al., 2007; Vogel et al., 2007; Cacev et al., 2008; Wilkening et 
al., 2008; Tsilidis et al., 2009). The study selection process is shown in Figure 1. In the seven 
articles, three of them were cohort studies and the controls were selected from the same cohort 
as the corresponding case, without any previous cancer diagnosis (except for carcinoma in situ 
of cervix uteri or non-melanoma skin cancer). The four other case-control studies recruited 
healthy individuals as controls. In all papers, the distribution of the genotypes in the control 
group was consistent with HWE except one study (Wilkening et al., 2008) (Table 1).

Meta-analysis

The main results of the meta-analysis of the association between two polymorphisms 
and CRC risk are shown in Table 2. Neither of the two polymorphisms had any association 



©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 11 (3): 3389-3397 (2012)

Interleukin-10 gene polymorphisms and colorectal cancer 3393

with increased CRC risk in the overall population. In subgroup analysis of rs1800896 poly-
morphism, the results did not change when the analyses were restricted to the studies fulfill-
ing HWE, or according to the source of controls. For rs1800872, however, when restricted 
to studies with healthy population-based controls, variant A allele carriers had a significant 
increased risk of CRC in the codominant model (AC vs CC: OR = 1.30, 95%CI = 1.04-1.63) 
and dominant model (AA/AC vs CC: OR = 1.25, 95%CI = 1.01-1.55), although a similar as-
sociation was not observed in other models (Table 2).

Figure 1. Flow diagram of included/excluded studies. SNPS = single nucleatide polymorphisms; CRC = colorectal 
cancer; HNPCC = hereditary nonpolyposis colorectal cancer.
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SNP Study (year) Country (ethnicity) Source of Genotyping                  Cases   Controls  HWE MAF
   controls method

     AA AG GG AA AG GG

rs1800896 Tsilidis (2009) USA (European) CB TaqMan   69 101 35   98 187   87 0.903 0.485
 Wilkening (2008) Sweden (European) CB TaqMan   83 146 75 164 283 132 0.639 0.472
 Cacev (2008) Croatia (European) PB PCR-RFLP   54   86 20   43   92   25 0.038 0.444
 Cozar (2007) Spain (European) PB TaqMan   42   62 22   58   87   30 0.787 0.420 
 Crivello (2006) Italy (European) PB ARMS-PCR   16   34 12   38   60   26 0.797 0.452
 Macarthur (2005) Scotland (European) PB TaqMan   61 125 71   86 202 115 0.877 0.536

     CC AC AA CC AC AA

rs1800872 Tsilidis (2009) USA (European) CB TaqMan 123   71   9 213 131   17 0.580  0.229
 Cacev (2008) Croatia (European) PB PCR-RFLP   83   64 13 104   52    4 0.399 0.188
 Vogel (2007) Danish (European) CB TaqMan 224 109 22 455 256   42 0.450  0.226
 Cozar (2007) Spain (European) PB TaqMan   52   41   2   98   63   14 0.394 0.260 
 Crivello (2006) Italy (European) PB ARMS-PCR   31   28   3   69   48     7 0.719 0.250 
 Macarthur (2005) Scotland (European) PB TaqMan 151   99   8 248 133   22 0.456 0.220

Table 1. Characterics of studies included in the meta-analysis.

SNP = single nucleotide polymorphism; PB = population-based study; CB = cohort-based study; ARMS = 
amplification refractory mutation system; PCR = polymerase chain reaction; RFLP = restriction fragment length 
polymorphism; HWE = Hardy-Weinberg equilibrium; MAF = minor allele frequency.

Analysis model                        rs1800896 OR (95%CI)                        rs1800872 OR (95%CI)

 Overall  Population-based Fulfilling HWE Overall  Population-based Fulfilling HWE
 (N = 6;  (N = 4;  (N = 5; (N = 6;  (N = 4;  (N = 6; 
 1114/1813)a 480/666)a 974/1678)a 1133/1976)a 911/1692)a 1133/1976)a

Codominant (het. 0.91 0.91 0.93 1.07 1.30  1.07
vs common hom.) (0.76-1.08) (0.71-1.17) (0.77-1.13) (0.92-1.25) (1.04-1.63) (0.92-1.25)
P/Ph 0.283/0.688 0.452/0.594 0.483/0.666 0.381/0.268 0.021/0.874 0.381/0.268
Codominant (rare hom.  0.87 0.87 0.90  0.97 0.92 0.97
vs common hom.) (0.70-1.08) (0.64-1.18) (0.71-1.13) (0.69-1.36) (0.31-2.73)c (0.69-1.36)
P/Ph 0.202/0.350 0.376/0.757 0.347/0.313 0.852/0.073 0.882/0.019 0.852/0.073
Dominant (rare hom. 0.90  0.90  0.92 1.06 1.25 1.06
+ het. vs common hom.) (0.76-1.06) (0.71-1.14) (0.77-1.10) (0.91-1.23) (1.01-1.55) (0.91-1.23)
P/Ph 0.198/0.465 0.372/0.579 0.383/0.444 0.452/0.213 0.044/0.428 0.452/0.213
Recessive (rare hom. 0.93 0.92 0.96 0.94 0.83 0.94
vs het. + common hom.) (0.79-1.10) (0.73-1.16) (0.80-1.14) (0.68-1.32) (0.29-2.35)c (0.68-1.32)
P/Ph 0.394/0.867 0.494/0.725 0.626/0.891 0.730/0.075 0.427/0.025 0.730/0.075

Table 2. Pooled odds ratios (ORs) of two SNPs in different models.

het. = heterozygous; hom. = homozygous; 95%CI = 95% confidence interval; HWE = Hardy-Weinberg equilibrium. 
aStudy number, number of cases and controls. Ph denotes P value of the Q-test for heterogeneity test.

In addition, we explored the publication bias by applying Begg’s funnel plot and the 
Egger test. Funnel plots did not demonstrate an evident asymmetry, and the P value of the Eg-
ger test indicated the absence of publication bias in all genetic comparisons (data not shown). 
Moreover, the nonparametric trim and fill method was performed to evaluate the influence 
of any single study on the pooled OR of rs1800896 and rs1800872, respectively. The results 
showed that there was no individual study qualitatively affecting the overall OR, since there 
was no difference by omitting any individual report, which suggested that the findings of this 
meta-analysis were relatively stable.
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DISCUSSION

To date, lines of research have investigated the contributions of IL-10 gene polymor-
phisms to the predisposition to different cancer types, such as oral, stomach, liver, breast, 
ovarian, cervical, prostate, and so on (Howell and Rose-Zerilli, 2007). In our study, we per-
formed the first meta-analysis to explore the role of genetic polymorphisms of the IL-10 pro-
moter gene in CRC susceptibility. The results showed that the IL-10 rs1800872 polymorphism 
may be a risk factor for CRC development among European populations, although there is no 
association between the IL-10 rs1800896 polymorphism and CRC risk.

Local production of cytokines within the tumor microenvironment is an important 
modulator during tumorigenesis (De Vita et al., 1999). A zoological study conducted by Stur-
lan et al. (2001) indicated that IL-10-deficient mice can develop chronic enterocolitis and 
CRC. Moreover, a statistically significant decrease in IL-10 mRNA expression in tumor tissue 
of patients with colon cancer compared to normal mucous tissue was observed (Cacev et al., 
2008). Meanwhile, there is evidence showing that the two candidate IL-10 SNPs (rs1800872 
and rs1800896) located in the promoter region are consistently associated with changes in 
IL-10 transcriptional activity and expression (Crawley et al., 1999; Crivello et al., 2006). 
Therefore, it is assumed that IL-10 gene polymorphisms may affect susceptibility to CRC by 
influencing IL-10 expression. This hypothesis was not well confirmed by our finding of a lack 
of association between the rs1800896 polymorphism and CRC risk. However, our finding of 
the effect of the rs1800872 polymorphism on CRC carcinogenesis could provide appropriate 
supports for the hypothesis. The potential explanation for our results may be attributed to the 
dual functions of IL-10 (anti-inflammation and anti-angiopoiesis), and the complex regula-
tory network modulating IL-10 gene expression. Some researchers have suggested that about 
75% of inter-individual variations in IL-10 gene expression may be due to the genetic varia-
tions (Eskdale et al., 1998), where the promoter polymorphisms may play an important role. 
In addition to the two candidate SNPs in this meta-analysis, other SNPs at loci -819, -1349, 
-3575, -459, +19, and +117, and two microsatellite polymorphisms have been identified in the 
IL-10 gene promoter and reported to have some impacts on the susceptibility to malignancies 
and antoimmune disease (Zheng et al., 2001; Bulpitt et al., 2004). It has also been found that 
the -1082 A, -819 C, -592 C, and +117 T haplotypes accelerate the progression of chronic 
infection induced by hepatitis B virus, especially to hepatocellular carcinoma development 
through the upregulation of IL-10 gene expression (Shin et al., 2003). The above findings 
prompt investigators to perform more comprehensive haplotype-based or multiple SNP-based 
studies rather than single polymorphism-based observations, which may offer more sufficient 
information on contributions of IL-10 genetic variation to CRC susceptibility, development 
and prognosis. Unfortunately, a haplotype-based meta-analysis cannot be conducted here ac-
cording to the current data extracted from the eligible publications.

It is important to note that some limitations existed in the present meta-analysis. First, 
the combined ORs were based on individual unadjusted estimates. Second, there are two studies 
including less than 100 cases in our meta-analysis (Crawley et al., 1999; Crivello et al., 2006), 
which may cause unreliable conclusions, due to type 1 or type 2 errors. Third, the effects of the 
-1082 G and -592 C alleles may be masked by the potential interactions, namely gene-gene, 
gene-environment and even different polymorphic loci of the same gene, making it difficult to 
exclude the possibility of potential risk contribution of these two polymorphisms (rs1800896 and 
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rs1800872) in the IL-10 gene to CRC risk. In addition, it is possible that the polymorphisms of 
interest may be associated with risk factors for CRC, including body mass index, physical activ-
ity, social class, alcohol intake, total energy intake, and smoking status, which were regarded as 
potential confounders of the association between each of the polymorphisms and CRC. There-
fore, either positive or negative results on the relationship between SNPs under investigation 
with CRC obtained from different reviewed studies should be treated with caution.

Several potential factors that may lead to bias should also be acknowledged in this field. 
First, publication bias may have been active, even though the use of a statistical test did not show 
it here. Second, only one study specifically mentioned that genotyping was blinded to case/control 
status (Tsilidis et al., 2009), one study performed some form of genotyping quality control (Cacev 
et al., 2008), and different genotyping methods were conducted in the relevant studies. This dis-
crepancy between reports highlights the need for implementing a more rigorous study design in 
future research. Finally, meta-analysis remains a retrospective research that is subject to the meth-
odological deficiencies of the studies included. The use of explicit methods for study selection, 
data extraction and data analysis may help us minimize the likelihood of this bias.

In any event, the current meta-analysis suggests that the rs1800872 polymorphism 
may be a risk factor for CRC, while the rs1800896 polymorphism has no effect on the suscep-
tibility to CRC. Further studies, either with large sample size or with respect to other SNPs 
and haplotypes in the IL-10 gene, are necessary to clarify the contribution of IL-10 genetic 
variations in the carcinogenesis, development and prognosis of CRC.
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