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Abstract: We conducted a case-control study to investigate the role of IL-10 -1082A/G (rs1800896), -819T/C 
(rs1800871), and -592A/C (rs1800872) polymorphisms in the development of early-onset preeclampsia. 
Polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) assay was applied to assess the 
polymorphisms of IL-10 -1082A/G (rs1800896), -819T/C (rs1800871), and -592A/C (rs1800872). The genotype 
distributions of IL-10 -1082A/G (rs1800896), -819T/C (rs1800871), and -592A/C (rs1800872) confirmed with 
HWE in the controls, and the P value for HWE was 0.41, 0.38 and 0.26, respectively. The results of the multivari-
ate logistic regression analysis revealed that the association of individuals expressing the CC genotype and AC+CC 
of IL-10 -592A/C (rs1800872) with a significantly increased risk of early-onset preeclampsia in co-dominant and 
dominant models, compared to the AA genotype; the OR (95% CI) for these individuals was determined to be 2.09 
(1.12-3.90) and 1.66 (1.03-2.71), respectively. In the recessive model, we found that CC genotype of IL-10 -592A/C 
(rs1800872) was associated with the increased risk of early-onset preeclampsia when compared with AA+AC geno-
type (OR = 1.67; 95% CI = 1.01-2.92). In conclusion, our study has indicated that IL-10 -592A/C (rs1800872) poly-
morphism was associated with an increased risk of early-onset preeclampsia in a Chinese population.
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Introduction

Preeclampsia is a multi system disorder unique 
to pregnancy, which occurs in 3% to 5% of all 
pregnancies. Preeclampsia is the main cause 
of preterm birth, intrauterine growth restriction, 
and could increase the risk of eclampsia and 
cause renal failure, pulmonary edema, stroke 
and death. The etiology of preeclampsia is not 
well understood, and the process of preeclamp-
sia is caused by many environmental factors, 
such as preexisting hypertension, diabetes, 
obesity or smoking [1, 2]. However, individuals 
would not development preeclampsia even 
though they expose to same environmental risk 
factors. Therefore, genetic factors may play an 
important role in the development of 
preeclampsia.

Previous studies reported that changed con-
centrations of many cytokines may play an 
important role in defective placental invasion 

and endothelial damage in preeclampsia [3]. It 
is reported that T helper type 2 (Th2) are 
responsible for successful pregnancy, but the 
Th1 responses could cause the death of the 
fetus. Therefore, a balance for Th1 and Th2 is a 
requirement for placentation. Th1 cells produce 
proinflammatory cytokines such as interleukin 
(IL)-2, interferon (IFN)-γ and tumour necrosis 
factor (TNF)-α and are play a key role in cell-
mediated responses and delayed type hyper-
sensitivity reactions [4]. It is well known that 
Th2 cells cause anti-inflammatory cytokines 
such as IL-4, IL-5, IL-10 and IL-13 and evoke 
humoral immunity [4]. IL-10 is involved in Th2 
immunity, and the several single nucleotide 
polymorphisms (SNPs) of IL-10 gene locate 
regions of the promoter region and regulate the 
levels of circulating IL-10, including IL-10 
-1082A/G, -819T/C, and -592A/C [5-7]. Only 
several previous studies reported the associa-
tion between IL-10 gene polymorphisms and 
risk of early-onset preeclampsia, but the results 
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are inconsistent [8-11]. Therefore, we conduct-
ed a case-control study to investigate the role 
of IL-10 -1082A/G (rs1800896), -819T/C 
(rs1800871), and -592A/C (rs1800872) poly-
morphisms in the development of early-onset 
preeclampsia.

Patients and methods

Patients

A case-control study was taken in our study. A 
total of 177 women who suffered from early-
onset preeclampsia after 20 weeks of gesta-
tion were included from Inner Mongolia 
Maternal and Child Health Hospital between 
January 2013 and December 2014. The crite-
ria of early-onset preeclampsia were presence 
of blood pressure values ≥ 140/90 mmHg, and 
proteinuria (24-hour urinary protein ≥ 300 mg 
or urine dipstick protein ≥ ++) after 20 weeks of 
gestation. Patients who had a previous history 
of intrauterine fetal deaths were excluded from 
our study. 182 controls with more than 20 
weeks of gestation were randomly collected 
from the individuals who went to accept prena-
tal in our hospital during the same period. 
Controls that had chronic hypertension, a his-
tory of renal, autoimmune, metabolic or cardio-
vascular disease were excluded from our study.

The demographic and clinical data of patients 
with early-onset preeclampsia and controls 
were collected from a self-designed question-
naire, including age, gender, body mass index, 
and systolic blood pressure, diastolic blood 
pressure, smoking status, gestational age, 
intrauterine growth restriction and intrauterine 
death. A written informed consent was gained 
from each included subject before entering the 
study group. The study was previously approved 
by Institute Research Ethics Committee of the 
Inner Mongolia Maternal and Child Health 
Hospital.

DNA extraction and genotyping

Before the patients began their treatment, 2 ml 
peripheral blood was collected with EDTA-
anticoagulant tubes. Genomic DNA was extract-
ed from the blood, using the QIAamp DNA MAX 
Kit (Qiagen, Hilden, Germany). Polymerase 
chain reaction restriction fragment length poly-
morphism (PCR-RFLP) assay was applied to 
assess the polymorphisms of IL-10 -1082A/G 

(rs1800896), -819T/C (rs1800871), and 
-592A/C (rs1800872). The forward and reverse 
primers for IL-10 -1082A/G (rs1800896) were 
5’-TCATTCTATGTGCTGGAGATGG-3’ and 5’-TGG- 
GGGAAGTGGGTAAGAGT-3’, respectively. The 
forward and reverse primers for IL-10 819T/C 
(rs1800871) were 5’-GGTGAGCACTACCTGAC- 
TAGC-3’ and 5’-CCTAGGTCACAGTGACGTGG-3’, 
respectively. The forward and reverse primers 
for IL-10 -592A/C (rs1800872) were 5’-CCT- 
GAGCACTAGGTGACTAGC-3’ and 5’-GGTACCTC- 
ACAGTGACGTCC-3’, respectively. The restric-
tion enzyme for PCR products were BseRI, MsII 
and RsaI for IL-10 -1082A/G (rs1800896), 
-819T/C (rs1800871), and -592A/C (rs- 
1800872), respectively. PCR reactions were 
carried out with an initial denaturation step of 8 
minutes at 94°C, followed by 30 cycles at 94°C 
for 30 seconds, annealing at 60°C for 30 sec-
onds, and extension at 72°C for 1 minute. The 
DNA fragments were confirmed through elec-
trophoresing on 3.5% agarose gel and visualiz-
ing under UV light after ethidum staining.

Statistical analysis

Continuous variables were expressed by mean 
± standard deviation, and categorical variables 
were expressed as number (N) and percentage 
(%). The distributions of continuous and cate-
gorical variables between patients with early-
onset preeclampsia and controls were com-
pared by Pearson χ2 test or student t test. 
Concordance with Hardy-Weinberg equilibrium 
(HWE) was tested using standard χ2 test or 
Fisher’s exact test. Unconditional logistic 
regression analysis was used to evaluate  
the association between IL-10 -1082A/G (rs- 
1800896), -819T/C (rs1800871), and -592A/ 
C (rs1800872) polymorphisms and risk of ear-
ly-onset preeclampsia after adjustment for con-
founding factors, and the results were 
expressed as odds ratio (ORs) and correspond-
ing 95% confidence interval (95% CI). A two-
tailed P value of < 0.05 was considered to be 
statistically significant. All of these statistical 
tests were done using Stata (version 10.0; 
StataCorp, College Station, TX) software 
programs.

Results

The demographic and clinical characteristics of 
patients with early-onset preeclampsia and 
controls are summarized in Table 1. The mean 
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Table 1. Baseline characteristics of patients with early-onset preeclampsia and controls

Variables
Patients

%
Controls

% t or χ2 test P value
N = 155 N = 201

Age, years 27.54 ± 4.65 26.15 ± 4.70 0.78 0.22
Gestational age, weeks 26.70 ± 4.20 26.65 ± 4.31 0.11 0.46
BMI, kg/m2 30.16 ± 4.12 28.45 ± 3.74 4.09 < 0.001
Systolic blood pressure, mmHg 151.45 ± 10.50 110.62 ± 12.56 32.62 < 0.001
Diastolic blood pressure, mmHg 102.15 ± 21.52 73.25 ± 12.52 15.88 < 0.001
Delivery week, weeks 33.61 ± 3.75 39.25 ± 1.26 19.92 < 0.001
Infant birthweight, g 2306.65 ± 653.60 3410.50 ± 317.40 20.96 < 0.001
Placenta weight, g 363.65 ± 126.40 607.35 ± 119.53 18.6 < 0.001
Mode of delivery
Normal 64 41.29 126 62.69 
Caesarean 91 58.71 75 37.31 16.1 < 0.001

age of patients with early-onset preeclampsia 
and controls were 27.54 ± 4.65 and 26.15 ± 
4.70 years, respectively. No significant differ-
ence was observed in age and gestational age 
between patients with early-onset preeclamp-
sia and controls (P > 0.05). By t or χ2 test, 
patients with early-onset preeclampsia were 
more likely to have higher BMI, systolic blood 
pressure and diastolic blood pressure, and 
have lower delivery week, infant birth weight 
and placenta weight, and receive more caesar-
ean delivery, compared to the control subjects 
(P < 0.05) .

The genotype frequencies of IL-10 -1082A/G 
(rs1800896), -819T/C (rs1800871), and 
-592A/C (rs1800872) polymorphisms are sum-

marized in Table 2. We found that the observed 
genotype frequencies of IL-10 -1082A/G 
(rs1800896), -819T/C (rs1800871), and 
-592A/C (rs1800872) in the control samples 
agreed with the Hardy-Weinberg equilibrium, 
and the P-values were 0.41, 0.38 and 0.26, 
respectively. The genotype distributions of IL-10 
-1082A/G (rs1800896), -819T/C (rs1800871), 
and -592A/C (rs1800872) confirmed with HWE 
in the controls, and the P value for HWE was 
0.41, 0.38 and 0.26, respectively (Table 2). By 
χ2-test, there was significant difference in the 
observed genotype frequencies of IL-10 -592A/
C (rs1800872) between patients with early-
onset preeclampsia and controls (χ2 = 6.37, P = 
0.04). Moreover, we found that Minor allele fre-
quencies (MAF) of IL-10 -1082A/G (rs1800- 

Table 2. Genotype frequencies of IL-10 -1082A/G (rs1800896), -819T/C (rs1800871), and -592A/C 
(rs1800872) polymorphisms in patients with early-onset preeclampsia and controls

IL-10 
gene Patients % Controls % χ2 test P value P value 

for HWE

Minor allele  
frequency (MAF)

In controls In database
-1082A/G rs1800896
    AA 72 46.45 103 51.24 
    AG 69 44.52 85 42.29 
    GG 14 9.03 13 6.47 1.27 0.53 0.41 0.2761 0.2722
-819T/C rs1800871
    TT 52 33.55 77 38.31 
    TC 72 46.45 90 44.78 
    CC 31 20.00 34 16.92 1.06 0.59 0.38 0.3930 0.4347
-592A/C rs1800872
    AA 40 25.81 74 36.82 
    AC 72 46.45 90 44.78 
    CC 43 27.74 38 18.91 6.37 0.04 0.26 0.4129 0.4349
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896), -819T/C (rs1800871), and -592A/C 
(rs1800872) were similar to MAF in dbSNP 
(http://www.ncbi.nlm.nih.gov/snp/).

The results of the multivariate logistic regres-
sion analysis revealed that the association of 
individuals expressing the CC genotype and 
AC+CC of IL-10 -592A/C (rs1800872) with a 
significantly increased risk of early-onset pre-
eclampsia in co-dominant and dominant mod-
els, compared to the AA genotype; the OR (95% 
CI) for these individuals was determined to be 
2.09 (1.12-3.90) and 1.66 (1.03-2.71), respec-
tively. In the recessive model, we found that CC 
genotype of IL-10 -592A/C (rs1800872) was 
associated with the increased risk of early-
onset preeclampsia when compared with 
AA+AC genotype (OR = 1.67; 95% CI = 1.01-
2.92) (Table 3). However, we indicated  
that IL-10 -1082A/G (rs1800896), -819T/C 
(rs1800871) have no significant association 
with the risk of early-onset preeclampsia.

We conducted the stratified analysis between 
the IL-10 -592A/C rs1800872 polymorphism 
and risk of early-onset preeclampsia based on 
demographic and clinical variables, such as 
BMI, systolic blood pressure, diastolic blood 
pressure, delivery weeks, infant birth weight, 
placenta weight and mode of delivery. However, 
we did not find any association between the 
IL-10 -592A/C rs1800872 polymorphism and 
demographic and clinical variables in the risk of 
early-onset preeclampsia.

Discussion

In our study, we investigated the association 
between gene polymorphisms and risk of early-
onset preeclampsia in a Chinese population. It 
is well known that IL-10 gene is an important 
cytokine for successful pregnancy, and this 
gene has an inhibitory effect on Th1-type 
immune responses [12]. It is reported that pro-
moter polymorphisms of genes could influence 

Table 3. Association between IL-10 -1082A/G (rs1800896), -819T/C (rs1800871), and -592A/C 
(rs1800872) polymorphisms and risk of early-onset preeclampsia
Models IL-10 gene Patients % Controls % OR (95% CI)1 P value
-1082A/G rs1800896
    Co-dominant AA 72 46.45 103 51.24 Ref. -

AG 69 44.52 85 42.29 1.26 (0.82-1.89) 0.56
GG 14 9.03 13 6.47 1.66 (0.72-4.15) 0.21

    Dominant AA 72 46.45 103 51.24 Ref. -
AG+GG 83 53.55 98 48.76 1.21 (0.78-1.88) 0.37

    Recessive AA+AG 141 90.97 188 93.53 Ref. -
GG 14 9.03 13 6.47 1.44 (0.60-3.43) 0.36

-819T/C rs1800871
    Co-dominant TT 52 33.55 77 38.31 Ref. -

TC 72 46.45 90 44.78 1.18 (0.72-1.95) 0.48
CC 31 20.00 34 16.92 1.35 (0.71-2.57) 0.33

    Dominant TT 52 33.55 77 38.31 Ref. -
TC+CC 103 66.45 124 61.69 1.23 (0.78-1.96) 0.35

    Recessive TT+TC 124 80.00 167 83.08 Ref. -
CC 31 20.00 34 16.92 1.23 (0.68-2.18) 0.46

-592A/C rs1800872
    Co-dominant AA 40 25.81 74 36.82 Ref. -

AC 72 46.45 90 44.78 1.48 (0.88-2.50) 0.12
CC 43 27.74 38 18.91 2.09 (1.12-3.90) 0.01

    Dominant AA 40 25.81 74 36.82 Ref. -
AC+CC 115 74.19 128 63.68 1.66 (1.03-2.71) 0.03

    Recessive AA+AC 112 72.26 164 81.59 Ref. -
CC 43 27.74 38 18.91 1.67 (1.01-2.92) 0.04

1Adjusted for age, BMI, systolic blood pressure, diastolic blood pressure, delivery weeks, infant birthweight, placenta weight 
and mode of delivery.
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the transcriptional, phenotypic and functional 
characteristics [13-14], and IL-10 -1082A/G 
(rs1800896), -819T/C (rs1800871), and 
-592A/C (rs1800872) are located in the IL-10 
gene promoter, and the three gene polymor-
phisms are considered to influence the dysreg-
ulated IL-10 production and the onset and 
severity of preeclampsia. In our study, we found 
that the IL-10 -592A/C (rs1800872) polymor-
phism was associated with an increased risk  
of early-onset preeclampsia in a Chinese 
population.

Numerous epidemiological studies have inves-
tigated the association between IL-10 -1082A/
G (rs1800896), -819T/C (rs1800871), and 
-592A/C (rs1800872) gene polymorphisms 
and development of preeclampsia [9, 15-19]. 
Mirahmadian et al. reported that CC genotype 
of IL-10 -819T/C (rs1800871) and -592A/C 
(rs1800872) polymorphisms contributed to the 
pathogenesis of pre-eclampsia in an Iranian 
population [16]. Vural et al. reported that AA 
genotype of IL-10 -1082A/G (rs1800896) was 
associated with increased risk of preeclampsia 
when compared with GG genotype [18]. 
Sowmya et al. reported that IL-10 -819T/C 
(rs1800871) gene polymorphism can be a 
major genetic risk factor in the development of 
preeclampsia. Pissetti et al. suggested that G 
allele of IL-10 -1082A/G (rs1800896) gene 
polymorphism was associated with the devel-
opment of preeclampsia [9]. However, some 
studies reported no association between IL-10 
gene polymorphism and risk of preeclampsia. 
Stonek et al. reported that no significant  
association between IL-10 gene polymor- 
phisms and development of women with pre-
eclampsia [15]. de Lima et al. did not find  
significant association between IL-10 -1082A/
G (rs1800896), -819T/C (rs1800871), and 
-592A/C (rs1800872) polymorphisms and de- 
velopment of preeclampsia [17]. Sowmya et al. 
suggested that IL-10 -1082A/G (rs1800896) 
polymorphism is not a major genetic regulator 
in the etiology of preeclampsia [19]. In our 
study, we found an association between the 
expression of the CC genotype and AC+CC gen-
otype of IL-10 -592A/C (rs1800872) and a sig-
nificantly increased risk of early-onset pre-
eclampsia compared to the AA genotype. The 
discrepancies between these studies may be 
caused by differences in tumor types, study 
design and populations.

Three limitations should be considered in our 
study. First, patients with early-onset pre-
eclampsia and controls were selected from a 
single hospital, and these subjects may not 
well representative of other populations. 
Selection bias might exist in this study. Second, 
other functional SNPs in the interleukin genes 
may influence the development of early-onset 
preeclampsia, and further studies should con-
sidered other functional SNPs in the interleukin 
genes in their studies. Third, the sample size of 
our study is relatively small, which may influ-
ence the statistical power to find differences 
between groups. Therefore, further large sam-
ple size studies are greatly needed to confirm 
our findings.

In conclusion, our study has indicated that IL-10 
-592A/C (rs1800872) polymorphism was asso-
ciated with an increased risk of early-onset pre-
eclampsia in a Chinese population. Further 
studies with large sample size may help to  
elucidate the impact of IL-10 gene polymor-
phisms on the development of early-onset 
preeclampsia.
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