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Polymorphisms of interleukin-10 promoter are not 
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Abstract
AIM: To evaluate the association between of the inter-
leukin-10 (IL-10) promoter polymorphisms and survival 
of advanced gastric cancer (GC) patients. 

METHODS: The IL-10 (-1082, rs1800896; -819, 
rs1800871; and-592, rs1800896) genotypes in 234 pa-
tients with advanced gastric cancer and in 243 healthy 
controls were determined by polymerase chain reaction-
restriction fragment length polymorphism assay. Odds 
ratios (OR) and 95% confidence intervals (CI) were 
calculated by unconditional logistic regression for the 
associations between IL-10 genotypes and the risk of 
GC. The Kaplan-Meier method with log-rank testing was 
used to evaluate the association between genotype and 
survival of the patients.

RESULTS: The IL-10 -1082 G allele and GCC (-1082, 
-819 and -592) haplotype were associated with in-
creased gastric cancer risks (OR 1.2, 95% CI 0.6-3.2, P 
= 0.007, for -1082 G allele, OR = 2.3, 95% CI, 1.2-4.1, 
P = 0.005, for GCC haplotype, respectively). However, 
none of the three IL-10 gene polymorphisms (-1082, 
-819 and -592) was correlated with gastric cancer sur-
vival (P > 0.05), and none of the genotypes of the three 
IL-10 sites was found as independent prognostic risk 
factors in the multivariate test. 

CONCLUSION: IL-10 gene promoter polymorphisms 
may not be associated with the prognosis of advanced 
gastric cancer.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Deregulated components of  the immune system, such 
as cytokines, may be linked to the incidence and clini-
cal course of  malignant diseases with development of  
acute or chronic inflammatory reactions at tumor sites. 
Deregulated expression of  defined subsets of  cytokines 
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was found to be associated with the transformation of  
lymphatic cells either as autocrine growth factors for the 
transformed cells or as factors in rebuilding the tumor 
microenvironment, likely affecting tumor progression and 
dissemination[1].

The mechanisms underlying differences in immune 
response between individuals are complex, but include 
inherited genetic variation. Some reports suggest that 
functional polymorphisms in the genes regulating the im-
mune and inflammatory response may contribute to the 
susceptibility to and clinical outcome of  gastric cancer[2-4]. 
Interleukin-10 (IL-10) is a pleiotropic cytokine produced 
by macrophages, T-helper 2 cells and B lymphocytes and 
can suppress and stimulate the immune response[5-7]. IL-10 
has been shown to inhibit various immune functions, such 
as antigen presentation, cytokine production, macrophage 
activation, and antigen-specific T-cell proliferation[8,9]. By 
interfering with antigen-presenting cells, IL-10 reduces 
antigen-specific T-cell proliferation. It has been postulated 
that IL-10 plays a key role in the oncogenetic and meta-
static ability of  neoplasms[10,11]. Increased levels of  serum 
IL-10 were found in patients with solid and hematopoietic 
tumors[12]. However, a large body of  evidence in differ-
ent animal tumor models showed that IL-10 can favor 
immune-mediated cancer rejection[13,14].

The gene encoding IL-10 is located on chromosome 
1 (1q31-1q32). Several SNPs have been identified in the 
IL-10 gene promoter region. These include IL-10-1082 
A/G, -819T/C and -592A/C, which influence the tran-
scription of  IL-10 messenger RNA and the expression 
of  IL-10 in vitro[15,16]. Although several studies have shown 
the possible involvement of  IL-10 in the pathogenesis of  
gastric cancer[17-21], its association with prognosis of  gas-
tric cancer was not extensively studied. The only study by 
Deans et al[22] found that GG for IL-10-1082 was associ-
ated with reduced survival of  gastric cancer patients, but it 
was not an independent prognosis factor for gastric can-
cer. The aim of  this study was, therefore, to explore the 
relationship between polymorphisms of  IL-10 -1082, -819 
and -592 and the prognosis of  patients with advanced 
gastric cancer in the northern area of  China.

MATERIALS AND METHODS
Study population 
A total of  234 patients (162 men and 72 women) with 
histologically or cytologically confirmed advanced 
gastric cancer registered from July 2005 to July 2008 
at the Department of  Oncology, Shandong Cancer 
Hospital and Institute were included in this study. The 
patients should have a histological diagnosis of  gastric 
carcinoma with an unresectable primary tumor and/or 
metastases that were measurable or assessable by means 
of  clinical examination, X-ray, computed tomography 
(CT) or ultrasound. The median age of  the patients was 
61.2 years (range, 27-79 years). There were 147 cases 
of  antrum gastric cancer, 35 gastric cardia cancer, and 
52 cases of  other types, including 150 cases at stage Ⅲ
B and 84 cases at stage Ⅳ. Pathologically, 10 patients had 

well-differentiated adenocarcinoma, 45 had moderately 
differentiated adenocarcinoma, 161 poorly differentiated 
adenocarcinoma, and 18 signet ring cell carcinoma. Two 
hundred and six patients were treated with conventional and 
5-fluorouracil (5-FU)-based chemotherapy. Among them, 
96 cases were treated with capecitabine/fluorouracil + 
cisplatin/oxaliplatin regimen and 89 cases were treated with 
docetaxel + oxaliplatin + fluorouracil regimen. The median 
chemotherapy courses consisted of  5 (1-11) cycles. Follow-
up time was calculated from the initiation of  diagnosis to 
July 2009, with a median of  13.3 mo (range, 3.5-34.4 mo). 
Thirty-three patients were lost to follow-up and 188 patients 
died, including 3 patients who died from causes other than 
gastrointestinal carcinoma during the follow-up. 

We also selected 243 control individuals (aged 26-79 
years) who visited the Shandong Cancer Hospital and In-
stitute between July 2005 and July 2008 for general physi-
cal exams. The control individuals were screened to ensure 
that none had ever been diagnosed with cancer or other 
serious diseases. The selected controls were age matched 
to the cases (± 5 years). All the subjects were unrelated 
ethnic Han Chinese, and written informed consent was 
obtained from each participant. The study was approved 
by the Review Board of  Shandong Cancer Hospital and 
Institute. A 2-mL peripheral blood sample was collected 
from each study participant.

Genotyping
Genomic DNA was extracted from peripheral blood using 
a Genomic DNA Extraction Kit (Fastagen, Shanghai, 
China) according to the manufacturer’s protocol. IL-10 
promoter polymorphisms were identified by PCR am-
plification and restriction analysis (PCR-RFLP), (Table 1). 
Each PCR reaction was performed in a GeneAmp PCR 
System 9600 thermocycler (Applied Biosystems, Foster, 
CA) at a final volume of  25 μL (containing 5 pmol for 
each primer, 50 ng genomic DNA, 1.5 mmol/L MgCl2,  
5 μmol/L dNTPs and 1 U of  Taq DNA polymerase in 
PCR buffer containing 10 mmol/L Tris). PCR cycles used 
were as follows: 95℃ for 5 min, 35 cycles of  denaturing 
at 95℃ for 40 s, annealing at the indicated temperature 
for 1 min, extension at 72℃ for 40 s, and a single final 
extension at 72℃ for 10 min. The amplified products were 
digested with corresponding restriction endonucleases 
(New England Biolabs, MA, USA), and separated by 
electrophoresis on a 10% polyacrylamide gel stained with 
sliver nitrate for visualization. 

Statistical analysis
Statistical analysis was performed using SPSS 13.0 soft-
ware (SPSS, Florida, USA). Demographic data between 
the study groups were compared using the Chi-square 
test and Student’s t test. Each polymorphism was tested 
for deviation from the Hardy-Weinberg equilibrium 
by comparing the observed and expected genotype 
frequencies using the χ2 test. Genotype frequencies of  
IL-10 were compared between groups using the χ2 test, 
and odds ratios (OR) and 95% confidence intervals (CIs) 
were calculated using unconditional logistic regression 
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Table 2  Genotype and allele frequencies of interleukin-10 
promoter SNP in gastric cancer patients and controls

with adjustment for age and sex. The haplotypes of  IL-10 
(-1082, -819 and -592) were analyzed using the SHEsis 
software (Bio-X Inc., Shanghai, China), which uses a full-
precise-iteration (FPI) algorithm to reconstruct haplotypes. 
The Kaplan-Meier method with a log-rank test was used 
to evaluate the association between genotype and survival. 
Multivariate analysis was performed using Cox proportional 
hazards regression. Statistical significance was interpreted as 
P < 0.05.

RESULTS
IL-10 polymorphism and gastric cancer risks
The genotype and allele frequencies of  the IL-10 SNP 
in 234 gastric cancer patients and 243 healthy controls 
are shown in Table 2. All genotype frequencies in both 
patient and control groups were in the Hardy-Weinberg 
equilibrium (P < 0.05). There were significant differences in 
the genotype and allele frequencies of  the IL-10 promoter 
-1082 A/G polymorphism between gastric cancer and 

control groups. The -1082 AG genotypes were associated 
with a significantly increased risk of  gastric cancer as 
compared with the -1082 AA genotypes (OR 1.9, 95% 
CI 1.1-3.4, P = 0.019). The -1082 G allele was associated 
with a significantly increased risk of  gastric cancer as 
compared with the -1082 A allele (OR 1.2, 95% CI 0.6-3.2, 
P = 0.007). However, genotype and allele frequencies 
of  the IL-10 -819 T/C and -592 A/C polymorphisms 
in gastric cancer patients were not significantly different 
compared with those in healthy controls (P > 0.05). The 
estimated haplotype frequencies of  IL-10 polymorphisms 
in gastric cancer patients and controls are also shown in 
Table 2. Complete linkage disequilibrium was observed 
between locus -819T/C and locus -592A/C. Four possible 
haplotypes were demonstrated in our population. The 
most frequent haplotype in both patients (60.3%) and 
controls (64.6%) was the ATA (-1082A, -819T and -592A) 
haplotype. By haplotype analyses, we found that the GCC 
(-1082G, -819C and -592C) haplotype was associated with 
a significantly increased risk of  gastric cancer as compared 
with the ATA haplotype (OR = 2.3, 95% CI 1.2-4.1, P = 
0.005).

IL-10 polymorphism and survival of advanced gastric 
cancer 
Of  the 234 patients, 33 were lost to follow-up. We 
compared the IL-10 genotype with survival time in 
201 patients with advanced gastric cancer. The median 
follow-up time was 13.3 mo (range, 3.0-30.3 mo), and the 
median survival time was 11.2 mo. The median survival 
time was 11.4 mo for patients with the IL-10 -1082AA 
genotype, 10.8 mo for patients with the GA genotype, and 
11.0 mo for patients with the GG genotype. The IL-10 
-1082 genotypes were not associated with the prognosis 
of  gastric cancer (P =0.709, log-rank test). Similarly, the 
median survival time was 11.5 mo for patients with the 
IL-10 -819TT/-592AA genotype, 10.8 mo for patients 
with the -819TC/-592AC genotype, and 10.2 mo for 
patients with the -819CC/-592CC genotype (P = 0.090, 
log-rank test). When stratified by the clinical stage, the 
association between the IL-10 gene polymorphisms 
(-1082, -819 and -592) and the gastric cancer survival was 
not statistically significant either in stage ⅢB or stage Ⅳ 
(Figure 1). Multivariate Cox regression was used to analyze 
the effect of  different risk factors (IL-10-1082A/G, 
-819T/C and -592A/C genotype, chemotherapy regimen, 
age, gender, disease stage, and histology) on survival time. 
However, none of  the genotypes of  the three IL-10 sites 
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Table 1  Interleukin-10 promoter polymorphism identified by PCR-RFLP analysis

Polymorphism Primer sequence Annealing temperature Restriction enzyme Allele size

IL-10-1082G/A 5′-CTCGCTGCA ACCCAACTGGC-3′ 58℃ MnlⅠ A: 139 bp 
5′-TCTTACCTATCCCTACTTCC-3′       G: 106, 33 bp

IL-10-819C/T 5′-TCATTCTATGTGCTGGAGATGG-3′ 59℃ Mae Ⅲ      C: 125, 84 bp
5′-TGGGGGAAGTGGGTAAGAGT-3′ T: 209 bp

IL-10-592C/A 5′-GTGAGCACTACCTGACTAGC-3′ 58℃ RsaⅠ C: 412 bp
5′-CCTAGGTCACAGTGACGTGG-3′         A: 175, 237 bp

Genotypes/allele Cases 
n  (%)

Controls 
n (%)

Adjusted OR 
(95% CI)1

P

IL-10-1082 234 243
AA 189 (80.4) 217 (89.3) 1
AG  39  (17.2) 23 (9.7) 1.9 (1.1-3.4)   0.019a

GG   6 (2.4)   3 (1.0)  2.4 (0. 6-9.4)  0.244
A 417 (89.1) 457 (94.0) 1
G   51 (10.9) 29 (6.0) 1.2 (0.6-3.2)   0.007a

IL-10-819
TT   99 (42.3) 109 (44.9) 1
TC   96 (41.0) 106 (43.6) 0.9 (0.7-1.6)  0.975
CC   39 (16.8)   28 (11.5) 1.6 (0.9-2.8)  0.145
T 294 (62.8) 324 (66.7) 1
C 174 (37.2) 162 (33.3) 1.2 (0.9-1.6)  0.221
IL-10-592
AA   99 (42.3) 109 (44.9) 1
AC   96 (41.0) 106 (43.6) 0.9 (0.7-1.6)  0.975
CC   39 (16.8)   28 (11.5) 1.6 (0.9-2.8)  0.145
A 294 (62.8) 324 (66.7) 1
C 174 (37.2) 162 (33.3) 1.2 (0.9-1.6)  0.221
Haplotype
ATA 282 (60.3) 314 (64.6) 1
ACC 135 (28.9) 143 (29.4) 1.1 (0.8-1.5)  0.731
GCC 39 (8.3) 19 (3.9) 2.3 (1.2-4.1)   0.005a

GTA 12 (2.5) 10 (2.1) 1.3 (0.6-3.2)  0.504

1Adjusted for age, gender, and smoking status; aP < 0.05. OR: Odds ratio.
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was recognized as an independent prognostic indicator 
(Table 3).

DISCUSSION
Cytokines play a crucial role in the regulation of  key 
pathways of  immunity, the balance between cell-mediated 
(Th1) and humoral (Th2) responsiveness. IL-10, which is 
produced mainly by macrophages and T lymphocytes, is 
an important anti-inflammatory and immunosuppressive 
cytokine, it inhibits the Th1-type pathway activation, 
prevents antigen-presenting cells (APC) from obtaining 
access to tumor antigens, and down-regulates surface 
expression of  costimulatory molecules CD80 or CD86 on 

tumor cells[5-7]. Due to its immunosuppressive and anti-
inflammatory properties, it has been hypothesized that 
IL-10 may contribute to the escape of  tumor cells from 
immune surveillance and favor tumor growth. On the 
other hand, several studies showed that IL-10 may regulate 
angiogenesis in various cancers and is believed to play a 
protective and preventive role against tumors[13,14].

Although the genetic control of  IL-10 expression is 
not clearly understood yet, polymorphisms in promoter 
regions have been reported to determine inter-individual 
differences in IL-10 production. Previous studies indicat-
ed that three common-1082 A/G, -819 T/C and -592 A/
C polymorphisms of  the IL-10 promoter may influence 
production and expression of  IL-10. IL-10 promoter-
1082G allele or GCC haplotype (defined by three SNPs 
at positions of  -1082, -819 and -592) is associated with in-
creased IL-10 production and ATA haplotype is generally 
assumed to be a lower IL-10 responder[15,16].

In this study we evaluated the association between 
the polymorphisms of  the IL-10 promoter and advanced 
gastric cancer in a Chinese population. Our data showed 
significant differences in allele, genotype and haplotype 
frequencies between gastric cancer patients and healthy 
controls. In concordance with our study, Lee et al[20], 
Sugimoto et al[21] and several studies from China[18,19] 
reported that the IL-10 gene promoter polymorphisms 
were associated with the risk of  gastric cancer in Ko-
rean, Japanese and Chinese populations. However, these 
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Table 3  Cox regression analysis of variables affecting prog-
nosis in advanced gastric cancer patients

Variable P Hazard 
ratio

95% CI for hazard ratio

 Lower Upper

IL-10-1082 genotype 0.815 1.2 0.8 1.7

IL-10-819/-592 genotype 0.671 1.1 0.5 1.9

Treatment method 0.426 1.4 0.9 2.3

Age 0.595 0.9 0.7 1.3

Stage 0.234 1.2 0.9 1.5

Histology 0.519 1.2 0.7 2.1

Liu J et al . IL-10 polymorphism and gastric cancer prognosis
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Figure 1  Kaplan-Meier survival plot for advanced gastric cancer patients by interleukin-10 genotype. A: Interleukin (IL)-10 -1082 genotype in stage ⅢB; B: 
IL-10 -1082 genotype in stage Ⅳ; C: IL-10 -819/-592 genotype in stage ⅢB; D: IL-10 -819/-592 genotype in stage Ⅳ.



results are not consistent with studies previously con-
ducted in American and Spain, in which the IL-10 pro-
moter genotype was not associated with gastric cancer 
risk[23,24]. Although it is difficult to determine the reasons 
behind the contradictory results in these studies, the dif-
ferent genetic background of  study populations may be 
one of  the main factors.

Although the IL-10 promoter polymorphisms are 
associated with increased risk of  advanced gastric, few 
studies have investigated the relationship between IL-10 
promoter polymorphisms and gastric cancer prognosis. 
In this study, we investigated whether there are any as-
sociations between the three IL-10 promoter SNPs and 
survival time of  advanced gastric cancer patients. Our 
results showed that the three IL-10 gene polymorphisms 
(-1082, -819 and -592) did not correlate with the advanced 
gastric cancer survival. Multivariate testing also found no 
genotype of  the three IL-10 sites as independent prognos-
tic risk factors. Several studies have observed that serum 
IL-10 is of  independent prognostic utility in patients with 
advanced gastrointestinal carcinoma, and the reasonable 
interpretation is that the higher serum IL-10 level is se-
creted by the tumor itself  rather than the inflammatory 
infiltration[25,26]. However, only one study focused on the 
polymorphisms of  cytokine genes and gastric cancer 
prognosis and found GG in IL-10-1082 to be associated 
with reduced survival of  gastric cancer patients, but not 
an independent prognosis factor for gastric cancer[22]. 
The reason why our study did not show the association 
between IL-10 genotype and gastric cancer prognosis may 
be the relatively small series of  patients examined (the 
number of  gastric cancer patients with GG genotype at 
position -1082 in our study population is small, only six 
cases). It remains to be confirmed whether the relation-
ship is reproducible in larger Chinese samples.

In conclusion, our results suggested that IL-10 pro-
moter polymorphisms were associated with an increased 
risk of  gastric cancer, but these polymorphisms did not 
influence the prognosis of  the Chinese patients with 
advanced gastric cancer. As this is the first report of  the 
association between IL-10 promoter polymorphism and 
prognosis of  the Chinese patients with gastric cancer, the 
results of  the present study should be viewed cautiously. 
Since the dual biological effects of  IL-10 and the func-
tional significance of  IL-10 promoter polymorphisms in 
determining IL-10 expression still need to be elucidated, 
further investigations are required to explore the relation-
ship of  the polymorphisms of  IL-10 promoter and clini-
cal outcome of  gastric cancer.
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