
RESEARCH ARTICLE

Association of IL-10 GTC haplotype with serum level
and HPV infection in the development of cervical carcinoma

Pallavi Singhal & Anoop Kumar & Soham Bharadwaj &
Showket Hussain & Mausumi Bharadwaj

Received: 27 August 2014 /Accepted: 11 November 2014 /Published online: 21 November 2014
# International Society of Oncology and BioMarkers (ISOBM) 2014

Abstract
Aim Cervical cancer is the most common gynecological ma-
lignancy in the developing countries like India. In addition to
human papillomavirus (HPV) infection, host genetic factors
play an important role in viral persistence and neoplastic
growth. IL-10, a multifunctional cytokine, plays an active role
to promote tumor growth in the presence of HPV. The present
study aims to find out the impact of IL-10 promoter polymor-
phisms at -1082A/G (rs1800896), -819C/T (rs1800872), and -
592C/A (rs1800871) sites along with IL-10 production and
HPV infection in the progression of cervical cancer.
Methods We have genotyped a total of 506 subjects, 256
cases (208 cervical cancer + 48 precancer), and 250 healthy
controls by using polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method followed by
sequencing. IL-10 serum concentration was measured by
enzyme-linked immunosorbent assay.
Results The frequency of IL-10 -592 variant genotype (AA)
was found significantly reduced in cases as compare to con-
trols while -1082 variant genotype (GG) was found ~4-fold
higher risk of cervical cancer (p=<0.0001, OR=3.667, 95 %
CI=2.329–5.773). On construction of haplotypes, GTC hap-
lotype was emerged as a major risk haplotype while ACA

haplotype was seemed as a marker for precancerous lesions.
IL-10 serum concentration was observed higher in HPV-
infected precancer and cancer cases. GTC haplotype was
found to be coupled with higher serum concentration of IL-
10 and HPV infection.
Conclusion IL-10 polymorphisms play a role in cervical can-
cer development and that GTC haplotype, which is closely
related to its serum concentration, maybe a useful biomarker
for HPV-mediated cervical cancer.
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Introduction

Cancer of uterine cervix is the fourth most common gyneco-
logical cancer worldwide and a leading cause of cancer-
related deaths among women in developing countries like
India. In India, more than 1, 34,420 new cases, roughly 1/
5th of global burden, are reported every year with estimated
75,000 deaths annually [1]. Although for the development of
cervical cancer, human papillomavirus (HPV) is known to be
the most important etiologic agent but, unaided, it is not
sufficient for disease manifestation. Other factors intrinsic to
the host put their role in the progression of tumorigenesis [2,
3]. In this context, the general or local immune status plays a
role in regulating the growth of HPV-transformed cells. Spe-
cifically, cell-mediated immune responses are important for
controlling both HPV infections and HPV-associated neo-
plasm [4]. Cell-mediated immunity is regulated by cytokines
that are secreted by T helper cells. On the basis of cytokines
production pattern, the cells can be classified in two types, i.e.,
Th1 and Th2 [5]. A predominance of the Th2 cytokine profile,
in association with a diminished Th1 profile, has been
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demonstrated in patients with neoplasm. This shift from Th1
to Th2 cytokines might be responsible for tumorigenesis [6].

Interleukin-10 (IL-10), a multifunctional Th2-cytokine, lo-
cated on chromosome 1 (1q31-1q32) [7] acts as an immune
response modulator [8]. In the presence of HPVoncoproteins,
IL-10 was found to function as an anti-inflammatory agent
[9]. Two viral oncoproteins of HPV-16, E6 and E7, play an
active role in the malignant growth properties of cervical
cancer cells [10]. IL-10 is found to promote tumor growth
when E6 oncoprotein activity is high [11]. Moreover, HPV E2
protein binds to the regulatory region of the IL-10 gene and
induces the expression of elevated levels of IL-10 mRNA in
HPV-infected cells.

Three dimorphic polymorphisms in the promoter region, at
positions -1082 A/G (rs1800896), -819 T/C (rs1800871) and -
592 A/C (rs1800872) have been identified in many diseases
[12–17]. According to several previous studies, altered genet-
ic make-up appears to be responsible with modulated levels of
IL-10 [18, 19]. Although many studies have investigated the
roles of IL-10 promoter polymorphisms and the risk of cervi-
cal cancer, the findings remain inconclusive, which may be
due to differences in study design and/or ethnic differences in
the populations studied.

However, with the preeminent comprehension, no report is
available to address the role of IL-10 promoter polymor-
phisms in the progression of cervical cancer. Therefore, the
present study aimed to investigate the effects of IL-10 genetic
variants, HPV infection, variation in serum concentration, and
their interactions in the development of cervical carcinogene-
sis. We have also examined the effects of these genotypes/
haplotypes with the invasiveness of cervical carcinoma.

Materials and methods

Sample collection

In the present study, a total of 506 consecutive subjects
consisting of 256 cases (48 precancer + 208 invasive carcino-
ma) and 250 healthy controls were included. The patients
were enlisted from Lok Nayak Jai Prakash Hospital and
Safdarjung Hospital, New Delhi with histological confirmed
precancer (cervical intraepithelial neoplasia (CIN) I, II, III)/
invasive carcinoma of the uterine cervix. Classification and
grading of the precancerous and cancerous lesions were done
according to World Health Organization criteria and CIN
classification system. The tumor stage and histological grade
were determined according to the criteria laid down by Inter-
national Federation of Gynecology and Obstetrics (FIGO).
Age and ethnicity matched 250 control samples (cervical
scrapes/tissue biopsy) with normal cervical cytology and hav-
ing no history of cancer were obtained from women who visit
the hospital for other gynecological reasons. Age at the time of

diagnosis was recorded. Written consent from all the patients
was obtained, and the study was carried out in accordance
with the principles of Helsinki Declaration. The study was
approved by the ethics committee of the institute.

DNA extraction and HPV detection

Genomic DNA was extracted from fresh cervical cancer/
precancer tissue biopsy samples as well as control (cervical
scrapes/hysterectomy biopsy) samples by standard proteinase
K digestion followed by phenol/chloroform/isopropanol treat-
ment [20, 21]. HPV diagnosis was performed by PCR ampli-
fication using consensus primers MY09 and MY11 [22], and
further typing was done by PCR using type specific primers
for HPV 16 and HPV18 [20, 21].

Detection of IL-10 polymorphism by PCR-RFLP

We used polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) approach to genotype
the three loci of the IL-10 gene promoter region. All three
loci -1082 A/G, -819 C/T, and -592 A/C were genotyped by
method employed by Roh et al. [23]. The RFLP analysis
was performed on 10 % native polyacrylamide gel. In Brief,
for -1082 loci, a PCR product of 139 bp was digested
overnight at 37 °C with 2U of MnlI (Fermentas Life Sci-
ences). The digested PCR products were separated in 10 %
polyacrylamide gel electrophoresis. The wild type A allele
produced a single 139 bp fragment, and the polymorphic G
allele produced fragments of 106 and 33 bp. (Fig. 1). For
the genotyping of -819 loci, a PCR product of 209 bp was
amplified and digested with 2U of Mae III at 55 ° C for
1 hour. In the presence of wild type C allele, splitting gives
rise to two fragments of 125 and 84 bp while in case of T
allele, no splitting occurs (Fig. 2). RsaI enzyme was used
for the genotyping of -592 loci. A PCR product of 412 bp
was digested with 2U of the enzyme at 37 °C overnight and
was resolved by 10 % PAGE. With the A allele, a cleavage
of PCR product into two fragments 176 and 236 bp oc-
curred. However, with the C allele, no cleavage occurred
(Fig. 3).

Sequencing

We sequenced 20 % of the samples randomly to validate the
data generated by PCR-RFLP method. Sequencing reactions
were performed according to the conventional dideoxy chain
termination method using ABI Prism™ 310 automated DNA
sequencer (Applied Biosystem, USA). Same results were
observed by both the techniques.
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Enzyme-linked immunosorbent assay (ELISA) for IL-10

The concentration of IL-10 in human serum samples were
measured by ELISA using Human IL-10 ELISAKit as per the
manufacturer protocol (GEN-PROBE, Diaclone (Cat.
No.950.060.192)). ELISA kit contained IL-10 coated plate,
standard, standard diluents, control, biotinylated anti-IL-10,
streptavidin-HRP, and TMB substrate and H2SO4 stop re-
agent. Briefly, 100 μl of sample (human serum) was added
in IL-10 coated wells along with diluted standard/controls
which were followed by the 2-h incubation with 50-μl bio-
tinylated anti-IL-10 at room temperature. The plate was
washed thrice to remove any excess unbound analyte and
secondary antibody. Bound antibodies were detected with

conjugate streptavidin-HRP and adding a chromogen sub-
strate TMB solution which result into the development of a
blue-colored complex. The color reaction was stopped by
adding H2SO4 as stop reagent which produced the yellow
color product, and absorbance was evaluated and recorded at
450 nm. The concentration of IL-10 in samples, standards,
and control was directly proportional to intensity of the color
complex.

Statistical analysis

The data analysis was performed by using statistical software
PLINK v.1.07 (http://pngu.mgh.harvard.edu/purcell/plink)
and GraphPad InStat version 3.0. Chi-square test/Fisher’s

Fig. 2 RFLP IL-10 -(C819T) on
10 % PAGE (after digestion with
restriction enzyme Mae III), M
mol. wt. marker (Hae III digested
φX174 DNA), lanes 3, 5: CC
genotype: 125, 84 bp fragments,
lanes 2, 4, 6, 7, 8, 9, 12: CT
genotype: 209, 125, 84 bp frag-
ments, lanes 1, 10: TT genotype:
209 bp. Number sign indicates
precancerous lesion. Asterisk in-
dicates HPV-positive cases

Fig. 1 RFLP IL-10 -(A1082G)
on 15 % PAGE (after digestion
with restriction enzyme Mnl1),M
mol. wt. marker (Hae III digested
φX174 DNA), lanes 1, 6, 8: AA
genotype: 139 bp fragment, lanes
2, 5, 7, 8, 11, 12: GA genotype:
139, 106 bp fragment, lanes 3, 4,
9: GG genotype: 106, 33 bp frag-
ments. Number sign indicates
precancerous lesion. Asterisk in-
dicates HPV-positive cases
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exact test (for smaller numbers on subgroup analysis) was
used to compare the distributions of IL-10 polymorphisms
between cervical cancer/precancer patients and healthy con-
trols. Risk estimates were calculated for dominant, codomi-
nant, and recessive genetic models using the most common
homozygous genotype as reference. The odds ratio (OR) and
its 95 % confidence intervals were also calculated as a mea-
sure of the association between these three polymorphisms
and cervical cancer risk. Haplotypes were constructed from
genotypes of these three polymorphic markers by using
PLINK v.1.07 (http://pngu.mgh.harvard.edu/purcell/
plink). LD estimates were determined by Haploview
(http:/ /www.broad.mit .edu/mpg/haploview/). The
significance of statistical chi-square/Fisher’s exact test
was considered as two-tailed. P value <0.05 was
considered as significant. Genotypes were further
checked for the conformance of Hardy Weinberg
equilibrium. Statistical power of the study determined
using Quanto software (http://hydra.usc.edu/gxe/) was
>80 %.

Results

Population characteristics

The basic characteristics of the study population are listed in
Table 1. No significant difference was observed in the distri-
bution of ages among controls, precancer, and cancer group.
In cancer patients, 96%were squamous cell carcinoma (SCC)
while 4 % were adenocarcinoma (ADC). In SCC cases, 26,
49, and 21 % of patients had well differentiated SCC
(WDSCC), moderately differentiated SCC (MDSCC) and
poorly differentiated SCC (PDSCC), respectively. Out of

208 cancer cases, 77 (37 %) were of stage I + II and
131(63 %) were of stage III + IV.

Prevalence of HPV in cervical cancer

Frequency of HPV in the studied population has been present-
ed in Table 1. 89.4 % (229/256) (91 % (190/208) in cancerous
cases and 81 % (39/48) in precancerous cases) of total cases
were found to be positive for HPV DNA sequence, while only
5 % (12/250) healthy controls were found to be HPV positive.
The difference in the prevalence of HPV among the three
groups, i.e., healthy controls, precancer, and cancer was found
statistically significant (p<0.0001). Out of the HPV-positive
cases, 94.8 % (217/229) (98.4 % (187/190) cancerous cases
and 76.9 % (30/39) precancerous cases) were positive for
HPV-16. HPV-18 was found positive in 1.57 % (3/190) of
cancerous cases. But all of HPVs in controls were infected
with HPV type-16. Prior to HPV specific PCR, quality of
genomic DNA from all the samples was checked by β-globin
gene amplification which was used as internal control.

Interleukin-10 polymorphisms in cervical cancer

The genotypic distribution and allelic frequencies of -1082
(A/G), -819 (C/T), and -592 (C/A) in the cases (cancer/
precancer) and control population are presented in Table 2.
We used three different types of genetic models (dominant,
codominant, and recessive) to evaluate the association of IL-
10 genotypes with cervical cancer.

Genotypic distribution of IL-10 -592 (C/A) polymorphism

The genotypic distribution of -592 locus CC, CA, and AA
were 40, 46, and 14 % in cases and 24, 49, and 27 % in
controls, respectively (Table 2). When we compared control

Fig. 3 RFLP IL-10 -(C592A) on
10 % PAGE (after digestion with
restriction enzyme Rsa I). M mol.
wt. marker (Hae III digested
φX174 DNA), Lanes 3, 4, 8, 9,
12: CC genotype: 412 bp. Lanes
1, 5, 6, 7, 10: CA genotype: 412,
236, 176 bp fragments, lanes 2,
11: AA genotype: 236, 176, bp
fragments. Number sign indicates
precancerous lesion. Asterisk in-
dicates HPV-positive cases
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group with the cancer group, higher frequency of carrier
genotype (CA+AA) was observed in controls which was
found to be statistically significant in dominant model (p=
0.0002, OR=0.4768, 95 % CI=0.30–0.68). But in recessive
model, it was observed that AA genotype differ significantly
in cases (includes cancerous and precancerous group) as com-
pared to controls (p=0.0009, OR=0.4615, 95 % CI=0.29–
0.72). These findings illustrated the dominant effect of AA
genotype in the development of cervical cancer. Simulta-
neously, it was interesting to note that there was gradual
reduction in frequency of variant genotype AA from control
group (27 %) to precancerous group (17 %) and further in
cancerous group (14 %). Therefore, the frequency of the A
allele was found significantly lesser in cases (p=9.4×10−6)
including cancerous group (p=6.6×10−6) as compared to
control group. Frequency of -592 CC genotype was found
higher in HPV-infected women as compared to AA genotype
which shows the possible impact of C allele in the persistent
infection of HPV.

Genotypic distribution of IL-10 -819 (C/T) polymorphism

The frequency of CC, CT, TT genotype of IL-10 -819 C/T
locus was 28, 48, and 24 % in controls while 21, 50, and 29%
in cases, respectively. We observed that there was a difference
in carrier genotype (CT+TT) distribution between cases and
controls with 79 % (191/256) in cases and 72 % (181/250) in
controls but the difference was not found statistically signifi-
cant in either of the model. While comparing the genotype
distribution between control group and precancer/cancer
group, no significant p values were observed but it was
interesting to note that there is increment of the frequency of
variant TT genotype from control group (24 %) to precancer-
ous group (27 %) and then precancerous (27 %) to cancerous

(29 %) group. Difference in the distribution of allelic frequen-
cies of C and T allele was observed in cancer patients, but the
difference was not found significant. We could not find any
association of HPV infection and -819 C/T polymorphism.

Genotypic distribution of IL-10 -1082 (A/G) polymorphism

The genotypic distributions of AA, GA, and GG of -1082 A/G
locus were 40, 43, and 17 % for controls while 17, 38, and
45%, respectively, in cases. When dominant model was taken
into consideration, we observed a more than threefold in-
creased risk of cervical cancer in cases having carrier geno-
type (GA+GG) as compared to controls (p=<0.0001, OR=
3.302, 95 % CI=2.183–4.99). When we compared controls
with cases (precancer/cancer group), we observed that the
patients from precancer group who had GA+GG genotype
were at ~2-fold higher risk of cervical cancer as compared to
controls (p=0.0376, OR=2.242, 95 % CI=1.09–4.60) but for
cancer patients, the risk was ~4-fold higher than controls (p=
<0.0001, OR=3.667, 95 % CI=2.329–5.773). The data from
recessive model shows that the patients carrying GG genotype
were at 4-fold higher risk of cervical cancer (p=<0.0001,
OR=3.989, 95 % CI=2.646–6.013). In recessive model, we
further stratified the data into precancer and cancer group; the
risk was ~2.5-fold more for precancer (p=0.0177, OR=2.409,
95 % CI=1.214–4.772) and ~4.5 times higher for cancer (p=
<0.0001, OR=4.457, 95 % CI=2.909–6.829) as compared to
controls. The risk was also shown to be significantly increased
in both the groups, i.e., precancer and cancer with homozy-
gous variant GG genotype in codominant model. Therefore,
the heterozygous mutant GA genotype presented a 2.1-fold
higher risk of cervical cancer, overall, while 1.1-fold for
precancerous and 2.2-fold for cancerous. In consideration of
allelic frequencies, our data indicates that as the frequency of

Table 1 Characteristics of studied population

Controls (n=250)n (%) Precancer (n=48)n (%) Cancer (n=208)n (%) p value

Mean age (years) 46.07±6.6 46.9±12 48.6±11 0.248

HPV status

HPV+ 12 (5) 39 (81) 190 (91) <0.0001

HPV− 238 (95) 9 (19) 18 (9)

Clinical stage

I+II – – 77 (37)

III+IV – – 131 (63)

Histological grade

WDSCC – – 55 (26)

MDSCC – – 101 (49)

PDSCC – – 43 (21)

ADC – – 9 (4)

Serum concentration of IL-10 (pg/ml) 37.03±0.4 pg/ml 77.13±0.35 pg/ml 146.8±0.4 pg/ml <0.0001

All the above calculations were done by using one-way ANOVA test. Significant p values are shown in bold

Tumor Biol. (2015) 36:2287–2298 2291
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G allele elevates in cases, the risk of cervical cancer also
increases. On further analysis of -1082 genotypic data in
association with HPV infection, we observed that GG geno-
type was more frequent in HPV-infected cases.

Whether all the three polymorphisms of IL-10 play some role
in the progression of cervical cancer?

We further stratified our results in different clinical
stages and histological grades of cervical cancer which
has been presented in Table 3. We observed a decrease
in the frequency of carrier genotype (CA+AA) of IL-
10, -592 loci with the progression of cervical cancer
(Table 3). As compared to controls, the frequency was
significantly much lesser in advance clinical stages (p=
0.0029, OR=0.386, 95 % CI=0.2108–0.7068) as well as
histological grades (p=0.0046, OR=0.4019, 95 % CI=
0.2194–0.7364) of the cancer. On the other hand, we

could not found any trend in the frequency of carrier
genotypes (CT+TT) of -819 loci with the progression of
cervical cancer (Table 3). Interestingly, a constant in-
crease in the frequency of carrier genotypes (AG+GG)
of -1082 loci was observed from control group to the
advance stages of cervical cancer (Table 3). As com-
pared to controls, the frequency of carrier genotypes
was ~2 times higher in precancerous group (p=0.0149,
OR=2.232, 95 % CI=1.208–4.125) which was found
statistically significant. As the invasion of cancerous
cells was increased, the frequency of AG+GG geno-
types showed fold increment, i.e., 2-fold in initial stages
(I+ II) (p=0.0093, OR=2.364, 95 % CI=1.27–4.39)
while 5-fold in advance stages (III+IV) (p=<0.0001,
OR=5.394, 95 % CI=2.565–11.344) as compared to
controls. Interestingly, we observed the same trend of
carrier genotype frequency in different histological
grades of the cervical cancer where the risk factor

Table 3 Impact of IL-10 gene polymorphisms in the succession of cervical cancer

SNP ID Genotyping n (%)

-592 C/A (rs1800872) CC CA+AA p value OR (95% CI)

Controls (n=250) 60 (24) 190 (76) Reference

Precancer (n=48) 17 (35) 31 (65) 0.1210 0.5865 (0.3167–1.08)

Clinical stage (n=208) I+II (n=77) 27 (35) 50 (65) 0.1210 0.5865 (0.3167–1.08)

III+IV (n=131) 59 (45) 78 (55) 0.0029 0.386 (0.2108–0.7068)

Histological grade (n=208) WDSCC (n=55) 17 (31) 38 (69) 0.3420 0.7029 (0.37–1.313)

MDSCC (n=101) 45 (45) 56 (55) 0.0029 0.386 (0.2108–0.7068)

PDSCC (n=43) 19 (44) 24 (56) 0.0046 0.4019 (0.2194–0.7364)

ADC (n=9) 4 (44) 5 (56) 0.0046 0.4019 (0.2194–0.7364)

-819 C/T (rs1800871) CC CT+TT p value OR (95% CI)

Controls (n=250) 69 (28) 181 (62) Reference

Precancer (n=48) 10 (21) 38 (79) 0.1543 1.699 (0.8812–3.275)

Clinical stage (n=208) I+II (n=77) 15 (20) 62 (80) 0.1112 1.806 (0.9309–3.505)

III+IV (n=131) 30 (22) 101 (78) 0.2080 1.601 (0.8354–3.069)

Histological grade (n=208) WDSCC (n=55) 8 (14) 47 (86) 0.0077 2.774 (1.35–5.700)

MDSCC (n=101) 26 (26) 75 (74) 0.5360 1.285 (0.6834–2.417)

PDSCC (n=43) 11 (26) 32 (74) 0.5360 1.285 (0.6834–2.417)

ADC (n=9) 1 (12) 8 (88) 0.0023 3.312 (1.564–7.074)

-1082 C/A (rs1800896) AA AG+GG p value OR (95% CI)

Controls (n=250) 100 (40) 150 (60) Reference

Precancer (n=48) 11 (23) 37 (77) 0.0149 2.232 (1.208–4.125)

Clinical stage (n=208) I+II (n=77) 17 (22) 60 (78) 0.0093 2.364 (1.27–4.39)

III+IV (n=131) 15 (11) 116 (89) <0.0001 5.394 (2.565–11.344)

Histological grade (n=208) WDSCC (n=55) 12 (22) 43 (78) 0.0093 2.364 (1.27–4.39)

MDSCC (n=101) 14 (14) 87 (86) <0.0001 4.095 (2.049–8.184)

PDSCC (n=43) 4 (9) 39 (91) <0.0001 6.741 (3.049–14.902)

ADC (n=9) 2 (22) 7 (78) 0.0093 2.364 (1.27–4.39)

OR odds ratio, CI confidence interval, p value probability from chi-square test comparing the genotype distribution for controls and cases. Significant
p values and ORs are shown in bold

Tumor Biol. (2015) 36:2287–2298 2293



increased by the degree of 2, i.e., 2.0 in WDSCC, 4.0
in MDSCC, and 6.0 in PDSCC.

What haplotype does in the succession of cervical carcinoma?

Haplotype analysis using statistical software PLINK showed
the presence of 8 haplotype which has been shown in Table 4.
All the haplotypes were present in >1 % of population. Two
haplotypes: GTC (32.7 %) and ACA (26.7 %) were the most
frequent. The frequency of GTC was found almost twice in
cases as compared to controls which was found statistically
significant (p=<0.0001, OR=2.99). Out of eight, five haplo-
types were found under-presented in cases or higher risk
group with respect to controls of which only two were found
significantly higher in controls, i.e., ATA and ATC. ATAwas

found significant in controls vs. cancer (p=<0.0001, OR=
0.0164) as well as in control vs. precancer (p=0.035, OR=
0.281) while another, i.e., ATC was found significant only in
cancer cases (p=<0.0001, OR=0.0764). Interestingly, the fre-
quency of ACA haplotype was higher in precancerous group
(35 %) as compared to controls (26.8 %) and cancer (26 %)
which may be due to the less sample size. On the other hand,
GTC haplotype was found to be positively associated with
control vs. cases (p=<0.0001, OR=2.99), control vs. cancer
(p=<0.0001, OR=3.16) and control vs. precancer (p=
<0.0001, OR=3.44). On further stratification of the
haplotyping results with the invasiveness of cervical carcino-
ma, some interesting findings were exposed which have been
shown in Table 5. The two haplotypes which were found most
frequent in our population were further checked for their role
during different stages of cervical carcinogenesis. We ob-
served that the frequency of ACA haplotype was reduced in
the advance stages of cancer clinically (22 %) and histologi-
cally (18 %) as compared to controls (27 %) while in contrast,
the frequency of GTC haplotype was found higher and the
difference in the frequencies of both the haplotypes was found
statistically significant in both clinical (p=0.0136, OR=
2.842) as well as histological (p=0.0038, OR=3.47) grades.

To complement our knowledge, we also tried to find out the
association of HPV with GTC haplotype if any. On analysis,
GTC haplotype was interestingly found more frequent
(>95 %) in HPV-infected women as compared to any other
haplotype which shows the possible role of IL-10 gene pro-
moter polymorphisms in HPV-related cervical cancer (Fig. 4).

Serum concentration of IL-10

The total serum concentrations of IL-10 have been presented in
Table 1. We observed a constant increase in serum concentra-
tion of IL-10 from controls (37.03±0.4 pg/ml) to precancer
(77.13±0.35 pg/ml) and cancer (146.8±0.4 pg/ml) group and
found to be statistically significant by using ANOVA test
(p<0.0001). We could not found any correlation between se-
rum level and genotypes of IL-10. But on construction of
haplotypes, we found a significant association of GTC haplo-
type with higher serum concentration of IL-10 (Fig. 5) while
ACA haplotype showed the lowest serum levels of IL-10.
Interestingly, we noticed that all the samples having GTC
haplotype along with high serum concentration were infected
with HPV.

Discussion

Cervical cancer is the most common gynecological cancer in
the developing countries including India. Though extensive
screening program has been lowered down, the incidence in

Table 4 Distribution frequencies of IL-10 haplotypes among cervical
cancer, precancer, and healthy control subjects

Haplotype (-1082 A/G,
-819 C/T, -592 C/A)
n=506

Cases Cancer Precancer Controls

(Frequency)

ACA (135; 26.7) 67 (26) 50 (24) 17 (35) 68 (26.8)

OR 0.724 0.697 1.16 1

p value 0.035a 0.022b 0.54c Reference

GTC (163;32) 115 (45) 93 (45) 22 (46) 48 (27)

OR 2.99 3.16 3.44 1

p value <0.0001a <0.0001b <0.0001c Reference

ATA (37; 7.4) 2 (0.8) 0 2 (4) 35 (19)

OR 0.053 0.0164 0.281 1

p value <0.0001a <0.0001b 0.035 c Reference

ATC (35; 6.5) 5 (2) 4 (2) 1 (3) 30 (14)

OR 0.069 0.0764 0.333 1

p value <0.0001a <0.0001b 0.069c Reference

GCC (45; 8.7) 22 (9) 18 (9) 4 (7) 23 (12)

OR 5.17 1.33 1.02 1

p value <0.0001a 0.225b 0.965c Reference

ACC (41; 7.8) 18 (7) 17 (8) 1 (3) 23 (9)

OR 0.396 0.886 0.359 1

p value 0.818a 0.614b 0.142c Reference

GCA (29; 5.7) 12 (5) 11 (5) 1 (2) 17 (7)

OR 1.27 0.966 0.464 1

p value 0.37a 0.901b 0.257c Reference

GTA (21; 4.5) 15 (6) 15 (7) 0 6 (3)

OR 1.34 2.13 0.022 1

p value 0.509a 0.0266b 0.265c Reference

Significance of OR is assessed by chi-square test/Fisher’s exact test, p
value against control
a Versus cases
b Versus cancer
c Versus precancer
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west but in resource poor countries like India cervical cancer
shares the major health burden in females. Commercially, two
prophylactic HPV vaccines are available and are very prom-
ising too but unfortunately have no therapeutic value. There-
fore, it is important to evaluate the role of different biomarkers
in cervical cancer susceptibility for the better understanding of
the disease etiology, which may contribute towards early
detection and preventive care for cervical cancer.
Interleukin-10 (IL-10) polymorphisms are reported to be as-
sociated with the inflammatory and immunomodulatory dis-
eases including cancer. IL-10 is a multifunctional cytokine
with both immunosuppressive and anti-angiogenic functions,
consequently resulting in both tumor-promoting and tumor-
inhibiting properties [8]. Abnormal IL-10 production has al-
ready been reported in patients with cervical precancerous

lesion and invasive cancer. -1082 G allele has been reported
with higher serum concentration while in contrast, -819 T
allele and -592 A allele have also been reported for lower
serum concentration [18, 19]. In the present study, we also
tried to find out some correlation between serum concentra-
tion and genotype/haplotype.

In the present case-control study, we analyzed the associa-
tion of IL-10 promoter polymorphisms with the risk of cervi-
cal carcinoma. We observed a significant difference in the
allele frequency and genotype distribution for IL-10, -592 loci
in controls and cases. This finding is similar to a previous
report from India [24], where AC+CC genotype was at higher
risk of cervical cancer. On the analysis of data in codominant
model, we observed a significant difference in the distribution
of AC genotype among healthy controls, precancer, and

Table 5 Association of IL-10 polymorphisms with cervical cancer aggressiveness

Haplotype (-1082 A/G, -819 C/T, -592 C/A) Frequent haplotypes
n (%)

Other haplotypes*
n (%)

ACAvs. GTC

ACA GTC p value OR (95% CI)

Controls (n=250) 67 (27) 48 (19) 135 (54) Reference

Precancer (n=48) 17 (35) 22 (46) 9 (19) 0.1353 1.86 (0.897–3.89)

Clinical stage (n=208) I+II (n=77) 20 (26) 36 (47) 21 (27) 0.0228 2.569 (1.2–5.5)

III+IV (n=131) 28 (22) 58 (44) 45 (34) 0.0136 2.842 (1.3–6.2)

Histological grade (n=208) WDSCC (n=55) 10 (19) 25 (46) 19 (35) 0.0036 3.44 (1.55–7.6)

MDSCC (n=101) 27 (27) 43 (43) 30 (30) 0.0529 2.263 (1.06–4.8)

PDSCC (n=43) 8 (18) 19 (44) 16 (38) 0.0038 3.47 (1.55–7.76)

ADC (n=9) 1 (9) 4 (48) 4 (43) 0.4019 (0.2194–0.7364)

OR odds ratio, CI confidence interval, p value probability from chi-square test comparing the genotype distribution for controls and cases. Significant
p values and ORs are shown in bold

*ACA, ATA, ATC, GCC, GTA, ACC, GCA

Fig. 4 Bar diagram showing
prevalence of HPV infection in
association of ACA and GTC
haplotype
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cancer patients which is in a good agreement to the findings
by Zoodsma et al. [25], where the frequency of AC genotype
was found higher in precancer and cancer cases as compared
to controls. In contrast to our findings, several studies failed to
find any association of IL-10 -592 polymorphism with cervi-
cal cancer [23, 26]. Interestingly, the frequency of C allele was
observed to be higher in HPV-positive samples. We observed
an increase in the frequency to CT+TT genotype at -819 loci
of IL-10 gene, but the difference was not found statistically
significant. This observation is very similar with the previous
finding from India [27]. Furthermore, we noticed a gradual
increase in the frequency of IL-10 -1082 carrier genotype
from healthy controls to precancer and then precancer to
cancer patients. This finding is in good agreement to the
previous finding in Japanese population [28]. On the other
hand, several studies could not find any association of IL-10 -
1082 polymorphism with cervical cancer [23, 25, 29–31]. In
the present study, G allele was found more frequent in HPV-
infected women; this finding is in contrast with a recent report
from Brazil [32].

We further stratified our results according to different clin-
ical and histological grade to evaluate the role of IL-10 pro-
moter polymorphisms in the progression as well as advance-
ment of cervical cancer. After which, we came out with some
interesting findings that the frequency of carrier genotype of -

592 loci (AC+AA) was significantly lowered down from
healthy controls towards advance stages of cancer while in
contrast, the frequency of carrier genotype at -1082 loci (AG+
GG) was found in direct proportion with the development and
advancement of cervical carcinoma.

To complement further, our understanding of the contribu-
tion of these genetic variants to cervical cancer three locus
haplotypes were constructed and their distribution was com-
pared in the cancer, precancer, and healthy control population.
Haplotype GTC was found to increase the risk of cervical
cancer with p value <0.0001 when compared to controls while
ATA haplotype appeared to show its protective role. Amus-
ingly, ACA haplotype was found significantly higher in
precancer group as compared to controls as well as cancer
patients. Overall, GTC haplotype emerged as a major risk
haplotype which showed a statistically significant trend from
controls to precancer and then to cervical cancer while ACA
haplotype act as a marker for high risk group. Our study is in
concordant with the previous studies in prostate, oral, and
nasopharyngeal cancer in relation to -1082 and -592 polymor-
phism while in contrast with respect to -819 [33–35]. These
discrepancies in the findings may be due to different ethnic
groups, geographical regions, and environmental factors. It
was interesting to analyze the association of GTC and ACA
haplotype with the aggressiveness of cervical carcinoma. The
analysis illustrates that the frequency of GTC haplotype in-
creased while the frequency of ACA haplotype reduced with
the aggressiveness of tumor. As far as our knowledge is
concerned, this is the first study showing the role of IL-10 -
1082, -819, and -592 genotype/haplotype in the susceptibility,
development, and progression of cervical cancer.

IL-10 gene transcriptional control is of interest as IL-10 has
pivotal role in the regulation of the immune response system.
IL-10 production has been implicated in the tumorogenesis of
various types of cancers. Abnormal IL-10 production at cervix
level has been reported in cervical lesions as well as in cervical
cancer patients [36–38]. Similar to this study, various previous
studies have been reported in the elevated production of IL-10
in cervical carcinoma [38, 39]. We observed an increase of IL-
10 serum concentration from healthy controls to precancerous
lesion and from precancerous lesion to cervical cancer pa-
tients. We noticed that GTC haplotype is in direct proportion
of HPV infection and IL-10 serum concentration. The substi-
tution of *G for *A at position -1082 was found to result in
significantly higher levels of IL-10 [18] which is in good
agreement with our study.

In context to HPV, we observed higher frequency of -592 C
and -1082 G allele in HPV-infected samples. Interestingly, we
noticed that HPV-infected samples were the carrier of GTC
haplotype. From previous studies, it is known that IL-10 may
inhibit immune response against HPV in early cervical lesions
and these polymorphisms are responsible to reduce down the
HPV clearance in immuno-suppressed cells. In this way, from

Fig. 5 Box plot for serum concentration of ACA, GTC, and other
haplotypes
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these findings, we can hypothesize that a person having GTC
haplotype of -1082/-819/-592 loci of IL-10 gene is more prone
to get infected with HPV and ultimately progress to cervical
cancer.

In conclusion, GTC haplotype in the presence of HPV is
responsible for higher expression of IL-10 which may help in
HPV replication, persistence, and malignant transformation of
HPV-infected cell. This genetic information might therefore
be used to improve treatment, vaccine efficacy, and effective-
ness and ultimately contribute to the discovery of personalized
therapy and vaccination.
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