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Background & objectives: Aetiology of cervical cancer (CaCx) is multifactorial. Besides human 
papillomavirus (HPV) infection, many immunogenetic factors are involved in this complex process. 
The present study was carried out to investigate one such factor, interleukin-6 (IL-6), a central pro-
inflammatory cytokine and a polymorphism at its promoter region -174 G/C (rs1800795) with CaCx.
Methods: HPV-infected women with or without CaCx were enrolled in group I and II, respectively. Another 
group of uninfected healthy women was also included as group III for comparison. Polymorphism in 
IL-6-174 G/C and IL-6 levels were analyzed by sequence-specific primer PCR (PCR-SSP) and ELISA, 
respectively.
Results: Groups I (n=111) and II (n=87) had significantly higher frequency of IL-6-174 GG genotype 
[odds ratios (OR)=3.9; P<0.001 and OR=3.2; P<0.001, respectively] as compared to group III (n=163). 
Furthermore, individuals with GG or GC genotypes had high IL-6 levels than those with CC genotypes. 
IL-6 levels were significantly (P<0.001) elevated in group I. This was also significantly high in untreated 
cases as compared to treated (P<0.05) ones. IL-6 levels of treated group were comparable with groups 
II and III.
Interpretation & conclusions: Our results suggested a possible association of IL-6-174 GG with CaCx, 
which was also associated with high IL-6 levels. Decreased levels of IL-6 following treatment indicate its 
possible prognostic use in CaCx cases.
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Cervical cancer (CaCx) caused by human 
papillomavirus (HPV), is the fourth common cancer 
among women worldwide, in 2020, there were 604,127 

new cases representing  3.3 age-standardized rate 
(ASR) per 100,000 of all female cancers1. Persistent 
infection with high risk HPV (HR-HPV) can progress 
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to CaCx. However, only a fraction of HPV-infected 
women develop CaCx, indicating a major role of host 
immune system2. It has been reported that cytokines 
are important immune regulators of HPV transcription, 
modulating viral replication3. Local immune response 
such  as  inflammation  plays  an  important  role  in  the 
development and growth of cancer, which has led to an 
interest in the pro-inflammatory cytokine interleukin-6 
(IL-6). Polymorphisms in this gene have been reported 
to  influence  susceptibility  to viral  infections,  such as 
HPV infection as well as CaCx4. The IL-6 gene presents 
several single-nucleotide polymorphisms (SNPs), one 
of which is localized in the promoter region (-174 
G>C, rs1800795), and is associated with variations in 
IL-6 expression and on serum protein levels5. Presence 
of G allele at -174 position has been found to be 
associated with high production of IL-6, whereas low 
production is seen with C allele5. This SNP correlates 
with poor prognosis in gastric and prostate cancer6,7. 
Hence, antibodies targeting IL-6 and IL-6 receptor 
(IL-6R) are shown to play a role in the treatment of 
many  inflammatory  disorders  and  cancer8. There 
are reports suggesting that IL-6 gene polymorphism 
at position -174 might be associated with the risk 
towards gynaecological cancers such as CaCx and oral 
squamous cell carcinoma9-12.

In India, CaCx is the third most common cancer 
among women leading 7.9 ASR per 100,000 deaths 
annually1. Hence, a study was undertaken to compare 
the frequency of polymorphism in IL-6 gene promoter 
regions at -174 G/C position among the HPV-infected 
women with or without CaCx as well as those 
without any infection. Further, we investigated the 
corresponding IL-6 levels in individuals with these 
SNPs and their association with CaCx.

Material & Methods

This study was approved by institutional (NIRRH 
Ethics approval no. 151/2009, 289/2016), King Edward 
Memorial (KEM) (EC/GOVT-2/2011) and Tata 
(Project ethics no. 731) Hospitals’ Ethics Committees. 
Written informed consent was obtained from all 
participants. This was an exploratory study carried out 
during 2010 to 2016. The study included three study 
groups. Group I consisted of consecutive women 
with  histologically  confirmed  CaCx  enrolled  from 
the gynaecology outpatient department (OPD) of Tata 
Memorial Hospital, Mumbai. Women with reproductive 
tract/sexually transmitted infections (RTIs/STIs) and 
autoimmune disease were excluded. At the time of 

cervical biopsy for histopathological analysis, biopsy 
tissue was also taken for HPV detection. Similarly, 
during routine blood analysis at the hospital, 5 ml 
blood was taken from each patient for the study. Blood 
samples of a few patients, who underwent some types 
of therapy such as radiation, chemotherapy or both and 
surgery (robotic hysterectomy/wide local excision of 
vulva) were collected during their follow up after three 
months of such interventions.

For other groups, women attending the 
gynaecology OPD of KEM Hospital, Mumbai, with 
complaints of leucorrhoea, recurrent spontaneous 
abortion, primary or secondary infertility, burning 
while urinating and pain in the abdomen or who had 
come for family planning or medical termination of 
pregnancy advice were informed about the screening 
of HPV infection as well as other RTIs/STIs. In group 
II, only HPV-infected women with normal cervix and, 
in group III, apparently healthy women without any 
infection were enrolled. Women with lesions and/or 
any RTIs/STIs were excluded from the study.

Endocervical and vaginal swabs were collected 
in  one  ml  phosphate  buffered  saline  (PBS)  using 
cytobrush and cotton swab, respectively. A smear was 
made with samples from posterior fornix for screening 
of Candida and bacterial vaginosis evaluation using 
Nugent’s score13. Five millilitre blood was taken for 
genetic analysis.

Genomic DNA isolation and quantitation:  DNA from 
cervical biopsies, cervical swabs and whole blood 
specimens  were  isolated  using  modified  salting-out 
method14. Qualitative and quantitative estimation of 
extracted DNA was carried out by electrophoresis and 
spectrophotometer, respectively. PCR for amplification 
of  housekeeping  gene  β-globin was  performed  using 
a pair of primers: 5’ACA CAA CTG TGT TCA CTA 
GC 3’ and 5’ GAA ACC CAA GAG TCT TCT CT 3’ to 
ensure the absence of PCR inhibitory factors14,15.

HPV detection and typing: HPV infection was detected 
in samples using PCR followed by southern blotting. 
Primers  specific  for  L1  capsid  protein  of  HPV  with 
sense primer: 5’-CGT CCA AAA GGA TAC TGA TC-
3’ and antisense primer: 5’-GCA CAG GGA CAT AAC 
AAT GG-3’ were used. Amplified products were run on 
agarose gel and documented using gel documentation 
system (Syngene, Bengaluru, India). This was followed 
by Southern hybridization using probes for specific HPV 
types, HPV16: 5’-CATACACCTCCAGCACCTAA-3’, 
HPV18: 5’-GGATGCTGCACCGGCTGA-3’, HPV6: 
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5’-CATCCGTAACTACATCTTCCA-3’ and HPV11: 
5’-TCTGTGTCTAAATCTGCTACA-3’ to determine 
the high risk (HR) and low risk HPV types. These 
digoxigenin (dig)-labelled probes were synthesized 
in-house using digoxigenin oligonucleotide 3’-end 
labelling reagents and detection was carried out 
using dig-luminescence detection reagents (Roche 
Diagnostics, GmbH, Mannheim, Germany)14,15.

Genotyping of single-nucleotide polymorphism: 
Genotyping for IL-6-174 G/C SNP was performed using 
sequence-specific  primer-PCR  (PCR-SSP)  method 
according to the manufacturer’s protocol (Invitrogen, 
Cytokine Genotyping Kit, WI, USA). The genotyping 
kit  contains  specific  lyophilized  coated  primers  for 
known 22 polymorphisms in cytokine genes, receptor 
and receptor antagonist. PCR was performed in these 
trays using the genomic DNA. Internal control of two 
different  band  sizes  (440  and  89  bp)  and  negative 
control were present in the kit to avoid false-negative 
results  and  contamination.  After  amplification,  the 
PCR products were loaded on two per cent agarose 
gel  for  visualization  of  amplification.  Presence  of 
positive bands was documented and interpreted using a 
worksheet for specific amplification pattern. To validate 
the results on IL-6 at -174 G/C, obtained from the kit, 
an in-house standardized PCR-RFLP method was also 
used in 50 per cent of the samples from each group to 
detect polymorphism in the promoter region of IL-616. 
PCR product  of  226 bp was  amplified using  specific 
primers 5’ATGCCAAGTGCTGAGTCACTA 3’ and 5’ 
GGAAAATCCCACATTTGATA 3’. For detection of 
polymorphic site at -174 G/C promoter region of IL-6, 
this PCR product was digested using Nla III (Thermo 
Fisher  Scientific,  Waltham,  MA  USA)  restriction 
enzyme at 37°C producing cuts of 117 and 109 bp in 
presence of C and remained uncut in presence of ‘G’ 
allele16.

Distribution of interleukin-6-174 G/C genotypes in the 
Indian population: Comparison of genotypic and allelic 
frequencies, at the IL-6-174 G/C SNP, was made with 
the data available from various studies in India. This 
was done to correlate our findings with other studies in 
Indian population.

In silico analysis of putative transcription factor: In 
silico analysis of putative transcription factor (TF) 
binding sites (TFBSs) at promoter region of IL-6 gene 
spanning the SNP at position -174 G/C was conducted 
using ‘PROMO ALGGEN’ version 3.0.217.

ELISA for IL-6 levels: Enzyme-linked immunosorbent 
assay (ELISA) for IL-6 levels was performed in serum 
samples from women belonging to the three groups. 
The minimum detectable level of IL-6 was determined 
to be 2.2 pg/ml. The assay was performed using Human 
IL-6 ELISA Kit II (BD OptEIA™, California, United 
States), according to the manufacturer’s instructions. 

Statistical analysis: Allelic and genotypic frequencies 
were calculated manually by direct counting and were 
confirmed  using  online  allele  frequency  calculator 
tool (http://www.allelefrequencies.net). Interactive 
Statistical Calculation Pages (https://statpages.info/
ctab2x2.html) was used to estimate Fisher’s exact 
two-tailed P value, odds ratios (OR) and relative risk 
at  95  per  cent  confidence  interval  (CI).  Deviation 
from Hardy–Weinberg equilibrium was tested using 
Chi-squared  goodness-of-fit  test.  PROMO ALGGEN 
tool,  version  3.0.2,  was  used  for  identification  of 
putative TFBSs and TFs (TFBS) in DNA sequences17. 
This software uses version 8.3 of TRANSFAC database 
for TFBS  prediction  by  constructing  specific  binding 
site weight matrices. One-way ANOVA was used to 
compare the means of IL-6 levels in the study group 
using GraphPad Prism 8, (San Diego, California, USA).

Results

IL-6 evaluation was done with the available samples 
in the three groups. Group I consisted of women with 
invasive CaCx of Stage II and III (n=111). Of these, blood 
samples of only 20 women could be obtained during 
their follow at three months post treatment. They had 
completed some types of therapy such as radiation (n=7), 
chemotherapy (n=2) or both (n=8) and surgery (radial 
robotic hysterectomy/wide local excision of vulva, n=3). 
Group II had women with normal cervical cytology and 
HPV infection (n=87), while 163 women with normal 
cytology and without any infection were in group III. None 
of the enrolled women had any family history of cancer. 

HPV typing: HPV DNA was detected in cervical 
tissues of 109 (98%) of the 111 women (median age: 
48 yr) with established squamous cell carcinoma of 
cervix (Group I). HPV16 was the most common type 
(94.6%) of infection. Screening of 990 (median age: 38 
yr) women with healthy cervix revealed HPV infection 
in 87 (8.8%) women visiting KEM OPD (group II). 
HPV16 was the most common HPV type (9.5%).

Genotyping of IL-6 at -174 G/C: The sequence-specific 
primer-PCR  (PCR-SSP) kit  identified 22 SNPs  in 10 
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cytokine genes, one receptor and two receptor antagonist 
genes. It yielded control bands corresponding to 440 bp 
in 26 reactions and an 89 bp control band in the next 22, a 
positive band of amplification if a particular nucleotide 
was present at a given locus (Fig. 1). This method was 
performed in all the samples. A 3 × 2 contingency 
table was applied to each of the SNP to check for the 
association of genotypes with CaCx, HPV infection 
and healthy controls. Of the 22 SNPs studied, a strong 
association of IL-6-174 G/C (rs1800795) and its alleles 
was observed with CaCx. No significant association of 
other SNPs was observed amongst these three groups. 
Hence, those were not included in the study. PCR-
RFLP was used in randomly selected 50 per cent of 
the samples in the three defined groups. There were 55 
samples for group I, 45 for group II and 82 for group 
III. This was for quality control analysis and both had 
similar results.

Groups  I  and  II  had  significantly  higher 
frequencies of IL-6-174 GG genotype (OR=3.93, 
95% CI=2.218-7.02; P<0.001 and OR=3.2, 95% 
CI=1.743-5.854; P<0.001, respectively) as compared 
to group III (Table I). The CC genotype frequency was 
low in all groups. The allele distribution obeys the 
Hardy–Weinberg equilibrium law (H-W equilibrium 

value =0.14; minor allele frequency 0.23 in controls 
and 0.14 in database. The genotypic frequency of 
IL-6-174 G/C was similar in most of the Indian studies 
(Table II).

In silico analysis of putative transcription factor (TF) 
binding sites: A binding site for the TF NF-1 was 
created when C allele was present at -174 position. This 
TFBS was, however, lost in the presence of G allele at 
the same position. Putative random expectation value 
for NF-1 TF was 0.09961 and value for dissimilarity 
was 1.545 per cent (Table III).

IL‑6 levels in different groups: The serum levels of 
IL-6 in three different groups: CaCx with HPV (group 
I, n=68), HPV positive without CaCx (group II, n=36) 
and uninfected healthy controls (group III, n=44) 
were measured and are shown in Fig. 2. In group I, 
two samples had very high levels and were excluded 
from analysis. This group was further divided into 
two subgroups on the basis of those without treatment 
(naïve cases, n=48) and those who had completed 
some types of therapy (n=20). The variation in samples 
screened for IL-6 SNP and IL-6 level measurement 
was  due  to  insufficient  or  unavailability  of  serum 
samples in different groups. Hence, only those samples 
(70 samples in group I, 36 samples in group II and 

Fig. 1. Interleukin-6-174 G/C single-nucleotide polymorphism (SNP) using commercial cytokine genotyping kit: Genotyping was done for an 
array of 22 SNPs using the commercially available kit. Two interleukin-6 single-nucleotide polymorphisms were part of the panel.
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44 samples in group III) with enough serum to run in 
duplicate were used to measure IL-6 levels. 

There was significant difference in serum IL-6 levels 
in CaCx cases (group I: mean±SE: 16.6±2.01 pg/ml) 
compared to that of HPV-positive group without CaCx 
(group II: mean±SE: 6.27±1.05 pg/ml) and control 
(group III: mean±SE: 6.7±1.02 pg/ml) (P<0.001, 
one-way ANOVA). There were two untreated cancer 
patients with very high levels of IL-6 (118.27 pg/ml 
and 282.4 pg/ml); these were considered as outliers and 
were excluded while doing the comparative analysis.

Serum IL-6 levels in untreated subgroup 
(mean±SE: 19.38±2.65 pg/ml, N=48) were found to 
be significantly high (P<0.05, two-tailed t test) than in 
the treated group (mean±SE: 9.8±2.17 pg/ml, N=20). 
Furthermore, IL-6 levels in treated subgroup were 
comparable with that of groups II and III (Fig. 2). 
Although there was variation in treatment type and 
regimen,  our  results  revealed  a  significant  overall 
decrease in IL-6 level in these cases receiving different 
treatment regimens. 

Comparison of serum levels according to genotype 
GG/GC/CC  did  not  show  any  significant  difference. 
However, IL-6 levels showed a higher trend in 
individuals with GG and GC genotypes than those with 
CC genotype.

Discussion

HPV infection was observed in 98 per cent of 
CaCx cases in our study; similar to a previous report in 
Indian population23. The frequency of HPV (8.8%) in 
women without CaCx (group II) was also similar to a 
previous report from Indian population24.

The IL-6-174 GG genotype had higher frequency 
in groups I and II compared to group III (healthy 
control).    Different  studies  in  Chinese  population 
have documented the frequency of -174 CC to be 
significantly high amongst the CaCx cases compared 
to controls. In one study, the frequency of CC in cancer 
cases was 20.3 per cent (105 of 518), while in healthy 
controls, it was 15.1 per cent (78 of 518)25. In another 
Chinese study, it was 9.4 per cent (34 of 360) in cases 
versus 4.4 per cent (32 of 728) in healthy controls26. 
A meta-analysis suggested that C allele at -174 G/C 
position was associated with the risk towards CaCx10. 
In the Brazilian population, CC genotype was absent 
among the cervical cases (n=56), and only 1.2 per 
cent of the controls had CC genotype, the authors 
reported GC+CC genotypes (57.1 in cases vs. 41.5% 
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Table II. Comparison of present observation with Indian reports on genotypic frequency of interleukin-6-174 G/C (rs1800795)
Population Genotypes Reference

GG, n (%) GC, n (%) CC, n (%)
CaCx cases (Group I, n=111) 86 (77.5) 22 (19.8) 3 (2.7) Present study
HPV positive cases (Group II, n=87) 64 (73.6) 21 (24.1) 2 (2.3)
Control negative (Group III, n=163) 76 (46.6) 82 (50.3) 5 (3.1)
Total (n=361) 226 (62.6) 125 (34.6) 10 (4.4)
South Indian (n=210) 151 (71.9) 53 (25.2) 6 (2.9) Bhanoori et al18, 2005
North Indian (n=343) 172 (50.1) 120 (35.0) 51 (14.9) Kesarwani et al19, 2008
Indian (n=185) 129 (69.73) 47 (25.41) 9 (4.9) Singh et al11, 2015
North Indian (n=130) 82 (67.1) 31 (27.0) 8 (6.0) Kaur G et al20, 2007
North Indian (n=569) 90.5 9.3 0.2 Ranganath et al21, 2009
North Indian (n=34) 59.8 33.7 6.5 Rani et al22, 2001
Gujarati Indian from Houston, Texas 
(n=101, males=58 and females=43)

76 (75.2) 24 (23.8) 1 (0.99) HapMap 3 Release 3

Males=58 46 (79.3) 11 (18.97) 1 (1.7)
Females=43 30 (69.8) 13 (30.2) 0 (0)
HPV, human papillomavirus; CaCx, cervical cancer

Table III. Prediction of in silico putative transcription factor binding site (TFBS)
SNP Allele present Factors present Sequence RE value Dissimilarity
IL-6-174 G/C 
rs1800795

C NF-1 GCCAT 0.09961 1.545
G - - - -

PROMO ALGGEN span’s site 26 bp upstream and downstream of the SNP for finding TFBS. IL-6, interleukin-6; SNP, single-nucleotide 
polymorphisms; RE, random expectation; TFBS, transcription factor binding sites

in controls) conferred risk of CaCx, suggesting risk 
of CaCx conferred by single-mutant C allele27. In our 
study, the GC+CC genotype frequency was 22.5, 26.4 
and 53.4 per cent in groups I, II and III, respectively. 
The frequency of CC genotype varied from 2.3 to 3.1 
per cent in our population. This was similar to that 
observed in South (2.9%)18 and West Gujarati (1.7%) 
Indian population5. While other studies conducted in 
north Indian population revealed the frequency varied 
from 0.2 (n=569), 6.0 (n=130) to 6.5 per cent (n=34) 
(http://www.allelefrequencies.net). This indicated that 
the frequency of the CC genotype was low in Indian 
population as was also seen among the Gujarati Indians 
(0.99%) from Houston, Texas (HapMap 3 Release 
3; https://www.sanger.ac.uk/resources/downloads/
human/hapmap3.html).

Besides CaCx, the association of IL-6 gene 
polymorphisms with other cancers has been studied. 
An Indian study reported association of IL-6-174 CC 
with oral squamous cell carcinoma (7.7 cases vs. 4.9% 
controls)11. In a study in hepatocellular carcinoma 

(HCC) cases, no significant differences were observed 
in IL-6-174 G>C polymorphism or allelic frequencies 
among the three groups with either liver cirrhosis, 
HCC or healthy control groups. However, they have 
seen higher frequency of IL-6-174 GG genotypes 
amongst HCC28. Another meta-analysis report on 
prostate  cancer  revealed  no  significant  relationship 
between IL-6 rs1800795 (IL-6-174 GC) polymorphism 
and prostate cancer risk, but a risk-increasing effect of 
the polymorphism was detected in African-American 
subgroup under CC versus GG and CC versus GG+GC 
genotypes (OR=3.43, 95% CI=1.01-11.71; OR=3.51, 
95% CI=1.04-11.82)29. 

In the present study, marginally high levels of IL-6 
were observed among CaCx patients with IL-6-174 
GG. This suggests a possible association of IL-6-174 
GG with CaCx. A study revealed association of GG 
genotype with high IL-6 levels and thereby promote 
neoangiogenesis and tumour metastasis and might 
contribute to risk towards CaCx30. In HeLa cell lines, the 
presence of C allele at -174 G/C created a site for NF-1 
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TF and thereby repressing the gene expression of IL-65. 
Presence of C allele at -174 position in promoter region, 
creates binding site for NF-1 TF and might repress IL-6 
transcription, thereby reducing IL-6 levels8,18. 

IL-6 levels in cervicovaginal washing fluids were 
found to be high in CaCx cases compared to CIN cases 
and control group. Its production was also related 
to the severity of cervical neoplasia31. In a study on 
pancreatic cancer patients, elevated serum IL-6 levels 
were reported as compared to controls32. In our study, 
IL-6 serum levels were found to be significantly high 
in CaCx cases as compared to HPV positive women 
without CaCx and uninfected healthy women. We also 
observed  that  IL-6  levels  were  significantly  higher 
in untreated patients with CaCx compared to treated 
patients, though there was variation in treatment 
regimens. 

One of the limitations of our study was that only 
one polymorphism of IL-6-174 G/C was analysed as 
none other SNPs  showed  any  independent  significant 
association. The other limitation was low frequency of 
CC genotype in population for evaluation of IL-6 levels. 

In  conclusion,  our  findings  suggested  that  GG 
genotype at -174 G/C associated with increased IL-6 
production might be a risk factor for CaCx. Serum 
IL-6  levels  were  significantly  higher  in  CaCx  cases 
as compared to other two groups. Further, IL-6 levels 
were  significantly  higher  in  untreated  individuals  as 
compared to the treated. Hence, IL-6 may be considered 

as a prognostic marker and by blocking IL-6 production 
by anti-IL-6, anti-IL-6R or blocking downstream 
signalling of IL-6 might improve symptoms of CaCx 
cases, specifically in those with IL-6-174 GG genotype. 
These observations suggest further evaluation of this 
SNP in a large population to establish its association 
with CaCx and for possible use as a biomarker. 
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