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SUMMARY

Introduction/Objective The aim of this study was to investigate the distribution of genotypes and alleles
of proinflammatory cytokines TNF, IFN-y, and IL-12 and their effect on the development of a cervical ill-
ness and also to determine their associated influence with cofactors in HR HPV-positive women in Serbia.
Methods We have investigated 24 women and based on the cytological findings they were classified
into four groups: PAP II, ASCUS, LSIL, and HSIL. Analysis of TNF, IL-12, and IFN-y polymorphisms was per-
formed using the real-time PCR TagMan method. Statistical analysis was performed using parametric
and non-parametric tests and correlation and multiple regression analysis.

Results Significantly higher frequency of high production-related TNF AA genotype was observed in
severe dysplasia. The correlation between TNF gene polymorphism and cervical findings were highly
significant. There was a moderate, significant correlation between low production IFN-y AA genotype
and earlier cervical infections. There was a significant correlation between the IL-12 polymorphism of
the low production IL-12 AA genotype and cervical lesions.

Conclusion Results of this study show that HSIL is associated with significantly higher frequency of
high production TNF AA genotype. It is known that polymorphisms of certain cytokine genes encoding
proteins involved in Th1 and Th2 cellular responses may be associated with better or worse prognosis
of cervical disease in women with persistent HR HPV infection. Therefore, they may be considered as

biomarkers that may have a predictive role in the development of cervical cancer.
Keywords: cervical cancer; cofactors; gene polymorphism; TNF; IFN-y; IL-12

INTRODUCTION

Cervical cancer is the fourth most frequent
cancer in women with an estimated 604,000 new
cases in 2020. Of the estimated 342,000 deaths
from cervical cancer in 2020, about 90% of these
occur in low- and middle-income countries.
This frequency varies by geographical areas and
ranges 17.2-55 per 100,000 women [1, 2, 3].
This tumor is highly correlated with infection
by highly oncogenic types of human papilloma
virus (high-risk HPV, HR HPV), which are the
most common sexually transmitted pathogens
[4, 5]. Since Harald zur Hausen proved the pres-
ence of highly oncogenic HPV types 16 and 18
DNA in cervical cancer cells in the early 1980s,
it was clear that HPV infection is the key factor
in its emergence [5, 6, 7]. In a majority of cases
(> 80%), a spontaneous regression of changes
occurs and the virus is eliminated within two
years of initial infection. However, in a minor-
ity of cases persistent infection is established,
from which 25% of infected women develop
cervical intraepithelial neoplasia in the first
degree (CIN I), with further progression (CIN

II/1IT). Cervical cancer would develop in 10%
of all patients and in 1% of HR HPV-positive
women over a number of years [6, 8].

Recently, more attention has been dedicated
to the role of genetic predisposition in the de-
velopment of cervical cancer associated with
various predisposing environmental cofactors.
Genome-wide association studies have discov-
ered a vast number of genes whose individual
alleles are associated with a predisposition to
develop cervical cancer. There are still contradic-
tory data from different research teams, related
to different ethnic populations and geographical
areas, on polymorphisms in genes encoding
proteins involved in the functioning of the Th1
and Th2 cellular response and their role in the
pathogenesis of emerging HR HPV cervical
cancer [9, 10]. Single nucleotide polymorphisms
(SNPs) in genes encoding relevant proinflam-
matory cytokines, such as tumor necrosis fac-
tor (TNF), interferon-gamma (IFN-y), and
interleukin-12 (IL-12), are becoming highly
significant genetic markers for assessing the
risk of developing cervical cancer associated
with HR HPV [11, 12].
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SNP at position -308 in the promoter region of the
TNF gene (rs1800629) G/A, is highly correlated with CIN
I associated with HR HPV. TNF plays an important role
in various inflammatory diseases as one of the most im-
portant proinflammatory cytokines. It is considered that
presence of A allele at the -308 TNF gene locus, which
is a high secretory TNF phenotype, could have a strong
influence on the development of HR HPV cervical cancer
[13]. Studies show elevated TNF serum levels in women
with CIN in comparison with healthy women. Also, AA
genotype at the -308 locus of the TNF gene carries a higher
risk for developing cervical tumors compared to GG and
GA genotypes. A meta-analysis confirmed an increased
risk of developing cervical cancer in the presence of the A
allele, especially the AA genotype [14, 15].

IFN-y is one of the most important Th1 immune modu-
lators with antiviral and antitumor role. SNP at position
+874 T/A (rs62559044) located in the first intron of the
IFN-y gene is associated with increased production of IFN-y
and effective defense against HPV infection, while its low
level, which is present in cervical cancer, is associated with
a poor prognosis [16, 17]. The DNA sequence containing
the +874 T allele has a binding site for NF-kappa B-like
transcription factor [18, 19]. Literature data shows that the
presence of the T allele correlates with increased IFN-y
expression, thus reducing the cervical cancer risk, while a
low secretory +874 IFN-y AA genotype is associated with
a high risk for developing HR HPV cervical tumors [7].

IL-12 is a heterodimer composed of two subunits - p35
(IL-12A) and p40 (IL-12B). Inheritance of functional SNP
variants of this gene, which is associated with the destruc-
tion of cancer cells, leads to changes in expression, which
also affects the function of other cytokines that are under
its regulation. IL-12 stimulates the production of IFN-y by
signaling the molecular cascade, while inhibiting IL-4, which
suppresses IFN-y synthesis and stimulates the protective
Thl immune response. SNP at the +1188 A/C position
in the 3’UTR region of the IL-12B gene (rs3212227) has
been associated with a predisposition to cervical cancer in
women with HPV HR. The AA genotype is also thought
to be associated with the progression of HR HPV lesions
in cervical cancer [20, 21].

The aim of this study was to investigate the distribution
of genotypes and alleles of proinflammatory cytokines TNE
IFN-y and IL-12 and their correlation with the grades of
cervical illness. We also wanted to determine which geno-
types possess a protective or favoring significance for the
development of cervical cancer.

METHODS

From the patient registered with HR HPV positive cervical
samples at the Institute of Microbiology and Immunology
in Belgrade, Serbia, 24 patients were selected based on avail-
able colposcopic and cytological status determined during
gynecological examination. Based on a Pap cytological
findings and according to the Bethesda classification (2001),
the patients were classified into four groups: women with
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normal cervical cytology or negative for intraepithelial
lesion or malignancy (NILM) as control group; women
whose cytology was defined as atypical cells of unknown
origin (ASCUS); patients with low-grade squamous intraepi-
thelial lesion (LSIL) or CIN I, corresponding to the slight
changes in the cervical epithelium or koilocytosis (cells with
perinuclear enlightenment indicative of HPV infection),
and women with HSIL corresponding to moderate and/or
severe cervical dysplasia (CIN II/III). The interview-based
questionnaire was administered to all the participants in-
volved in the study. It queried basic information about the
patient, socio-demographic and behavioral data, patient’s
reproductive history, sexual habits, morbidity from other
sexually transmitted diseases (STD), and other informa-
tion of significance for HPV-related cervical disorders. To
determine cytokine gene polymorphism, 5 ml of peripheral
blood was taken from the patients using appropriate tubes
(Becton Dickinson, New Jersey, USA) with anticoagulant
ethylenediaminetetraacetic acid (EDTA), and has been trans-
ported within four hours to the Laboratory of Immunology
of the Institute of Microbiology and Immunology, Faculty
of Medicine, University of Belgrade, for further procedures.

Detection of TNF, IFN-y, and IL-12B gene
polymorphisms

DNA extraction

Genomic DNA was isolated from peripheral blood that
had been sampled in tubes containing EDTA, using the
Gene JET Whole Blood Genomic DNA Purification Mini
Kit (Fermentas Thermo Fisher Scientific Inc., Vilnius,
Lithuania) according to the manufacturer instructions.

SNP detection

Detection and analysis of the TNF -308 G/A (rs1800629)
and IL12-B +1188 A/C (rs3212227) polymorphisms were
performed using real-time PCR with commercial TagMan
probes (Applied Biosystems Inc., Foster City, CA, USA) and
Maxima Probe gPCR Master Mix (Fermentas Thermo Fisher
Scientific Inc.), according to the manufacturer instructions
[22]. The IEN-y +874 T/A (rs2430561) polymorphism
was determined as previously described [23]. The thermal
cycling conditions were 95°C for four minutes, followed by
40 cycles that were run for 15 seconds at 95°C, one minute
at 55°C, and for 20 seconds at 68°C. Fluorescence readings
were done at 68°C.

Written informed consent was obtained from all the
women enrolled in the study. The protocol of the study was
reviewed and approved by the Ethics Committee, Faculty of
Medicine, University of Belgrade, decision number 29/XI-2.

Statistical analyses

Comparisons between genotype and allele frequencies in
different populations were performed using the Pearson’s
X’ test, Fisher’s exact test, or the Kruskal-Wallis test, fol-
lowed by the Mann-Whitney U test, as appropriate. All
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genotype frequencies were in Hardy—Weinberg equilibrium.
Significance of differences was carried out at the probability
level of p < 0.05.

RESULTS

Distribution of proinflammatory cytokine allele
and genotype frequencies in cytological findings

The distribution of proinflammatory cytokine genotype
frequencies in cytological findings is shown in Table 1.
Statistical analysis of the significance of differences between
the groups showed a significantly higher incidence of AA
high secretory genotype of TNF cytokine (AA genotype,
TNF gene, 75%, p = 0.010) only in cases of moderate and/
or severe cervical dysplasia.

Table 1. Distribution of proinflammatory cytokine genotype
frequencies in cytological findings

Cytology results
Genotype NILM ASCUS LSIL HSIL p
n % n % n % n %
GG 6 [857| 5 |714] 5 |833| 0 0
TNF | GA 1 |143] 2 |286| O 0 1 25 | 0.010%
AA*| O 0 0 0 1 1167 3 75
IFN-y |[AA°| 1 |143| 4 |571| 3 |500| O 0
AT 5 (714 2 |(286| 1 |16.7| 4 |100| 0.572
T 1 (143 1 |143| 2 |333| O 0
IL-12 |AA°| 5 |714] 2 |286| 3 | 50 | 2 | 50
AC 2 |286| 5 |714] 2 |333| 2 50 | 0.513
CcC 0 0 0 0 1 1167 O 0

* - high production; ° - low production; LSIL - low-grade squamous intraepi-
thelial lesion; HSIL - high-grade squamous intraepithelial lesions; ASCUS

- atypical squamous cells of undetermined significance; NILM - negative for
intraepithelial lesion or malignancy

*statistically significant - p < 0.05

In other groups of cytological findings (NILM, ASCUS,
LSIL), allele distribution of the TNF gene did not differ
significantly. The typical GG genotype dominance (72-86%)
and an extremely rare occurrence of AA genotype was
detected in all other groups.

In the analyzed sample, no significant difference was con-
firmed in the distribution of IFN-y and IL-12 alleles in the
control (NILM) and other groups (p = 0.572 and p = 0.513).

Low incidence of homozygous AA genotype of IFN-y,
which could, as hypothesized, pose an increased risk of
cervical cancer, was slightly more common in ASCUS
and LSIL groups (57.1% and 50%, respectively). The het-
erozygous AT genotype was predominant in the control
group, but also in the group with HSIL findings (71.4%
and 100%, respectively).

We got similar results for the distribution of IL-12 geno-
types, such as that NILM (control group) had the highest
frequency of homozygous AA genotype (71.4%), while the
ASCUS group showed the same frequency of AC genotype
of this gene (71.4%). High-risk low production AA genotype
was detected in 50% of LSIL and HSIL cytological findings.

In order to achieve better overview of the distribution and
influence of homozygous genotypes, we grouped them with
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respect to their heterozygous combinations and compared
them according to the cytological findings in the control
and other groups (Table 2).

Table 2. Distribution of proinflammatory cytokine genotype of high
and low production according to the cytological findings in the control
and other groups

Control group and other results
Genotype NILM ASCUS, LSIL, HSIL
n % n %
GG+ GA 7 35 0 0
TNF
AA* 13 65 4 100
AA° 10 62.5 7 87.5
IFN-y
AT+TT 6 375 1 125
12 AA° 10 83.3 7 58.3
AC + CC 2 16.7 5 41.7

* - high production; ° - low production; LSIL - low-grade squamous intrae-
pithelial lesion; HSIL - high-grade squamous intraepithelial lesions; ASCUS
- atypical squamous cells of undetermined significance; NILM - negative for
intraepithelial lesion or malignancy

*statistically significant - p < 0.05

Despite the high production TNF AA genotype being
present in 65% in the control group of HR HPV-positive
women without cytological changes, compared to all the
other groups, statistical significance was not detected
(p = 0.160).

The low production AA genotype of IFN-y, which could
potentially pose an increased risk of developing cervical
cancer, was more prevalent in all other groups (87.5%)
compared to the control group (65%) (p = 0.204).

The AA low secretory genotype of the IL-12 gene is
mostly present in the control group (83.3%), compared to
all others (58.3% — ASCUS, LSIL, HSIL), but statistically
significant difference in this case was not proved (p = 0.178).

Previous analysis proved that, in the tested sample of
proinflammatory cytokine gene polymorphisms, the mere
presence of TNF AA genotype showed a statistically signifi-
cant association with the progression of cervical dysplasia
in HR HPV infection.

Correlation between cofactors and
proinflammatory cytokines gene polymorphisms
and their associated impact on the onset of
cervical dysplasia

In the continuation of the statistical analysis, we applied the
correlation and multiple regressions analyses to examine the
correlations between polymorphisms and analyzed cofactors
including environmental and behavioral cofactors such as
high parity, oral contraceptives, tobacco smoking, infection
with other STDs, early sexual intercourse, promiscuity,
poor socio-economic conditions, dietary and nutritional
factors, etc. Table 3 shows only the significant correlations
of polymorphisms found in the studied group in relation
to the tested cofactors.

TNF is related to cytological findings through a strong,
significant and positive correlation coefficient. This means
that a higher incidence of high production AA genotype
occurs with less favorable cytological findings.
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Table 3. Correlations of polymorphism with cytology results, previous
infections, and cervical trauma

Cytology results, previous infections, and
cervical trauma P
TNF cytology results
Spearman Correlation 0.592
Sig. (2-tailed) 0.002*
IFN-g
Spearman Correlation -0.472
Sig. (2-tailed) 0.020*
IL-12 cervical trauma
Spearman Correlation -0.444
Sig. (2-tailed) 0.030*

*statistically significant - p < 0.05

Table 4. High-grade squamous intraepithelial lesions prediction model
based on proinflammatory cytokine polymorphisms

Prediction model HSIL B Std. error t p

(Constant) 0.229 0.172 1.333 0.198
TNF polymorphism 0.738 0.257 2.873 0.009*
IFN-g 0.007 0.201 0.034 0.973
IL-12 polymorphism 0.124 0.194 0.640 0.529

B - regression coefficient; HSIL - high-grade squamous intraepithelial lesions;
*statistically significant - p < 0.05

Table 3 shows that there is a moderate but significant
relationship between IFN-y gene polymorphism and previ-
ously infections of the cervix. A negative sign of correlation
(-0.472), indicates that low production of this cytokine is
related to a greater number of previous cervical infections
and vice versa.

The association between IL-12 production, represented
by low production genotype, and the occurrence of cervical
lesions is indicated by a negative and significant coefficient
(-0.444.) This means that the high-risk low production AA
genotype of the IL-12 gene is greatly correlated with the
presence of cervical lesions.

The model for multiple regression analysis showed
whether any of the polymorphisms examined may serve
as potential genetic biomarker of susceptibility to cervical
cancer in women with persistent HR HPV infection. In this
regard, the occurrence of HSIL as a severe form of cervical
dysplasia was taken as a dependent variable in relation
to all the variables analyzed (Table 4). Through variance
reduction, the step-by-step selection process identified
only one significant predictor, namely the high produc-
tion AA TNF genotype. This TNF gene polymorphism is
significant in predicting the onset of HSIL in women with
HR HPV infection.

DISCUSSION

In our previous study, a total of 541 women were pro-
cessed and tested for the presence of HPV, out of which
105 were HPV-positive (19.4%) and 84 (15.5%) were HR
HPV-positive [24]. The final investigated group included
84 women infected with HR HPV who were classified into
four subgroups according to their cytological status of the
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cervix. The interview-based questionnaire which queried
information of significance for HPV-related cervical dis-
orders was administered to all the participants involved
in the study. The cofactors found to be of significance in
older age (46.7 + 12.2 on average), body mass index > 25,
lower educational level, long-term smoking (more than 20
years), previous genital infections and cervical interventions.

This study showed that, among the different groups of
cytological findings, only the high production AA TNF
genotype occurred with a significantly higher incidence in
women with lesions of moderate to severe intensity. There
was no significant difference between the other groups,
both in genotypes determining TNF gene expression and
in IFN-y and IL-12 gene expressions. AA genotype pre-
vailed in the lesions of moderate to severe intensity while
in the other groups (PAP II, ASCUS, LSIL), the GG geno-
type was detected in 72-86% of findings. Correlation and
multiple regression analysis showed that there was a highly
significant, positive correlation coefficient between TNF
and associated cytological findings. This means that the
high production genotype of this cytokine was recorded
in less favorable cytological findings.

We concluded that the presented sample of the analyzed
cytokine gene polymorphisms provided indications of some
of the presumed production trends that may have protective
or better yet favoring significance for the occurrence of
cervical cancer associated with HR HPV, but we were not
able to prove the statistical significance in this sample size.

Previous analysis proved that, in the tested sample of
proinflammatory cytokine gene polymorphisms, the mere
presence of TNF AA genotype showed a statistically signifi-
cant association with the progression of cervical dysplasia
in HR HPV infection.

The association between SNP at position -308 and cervi-
cal cancer has been reported in many studies conducted
among different races, where the presence of A allele has
been associated with an increased risk of cervical cancer
development [23].

In certain ethnic groups, SNP at position -308 has been
shown to be associated with an increased risk of cervical
cancer, but in some studies these results have not been
confirmed [25].

Similar results were found in a study showing that A
allele carriers were at higher risk for cervical cancer than
individuals with both G alleles [26, 27].

In contrast, a study conducted in Africa showed that
TNF gene polymorphism at position -308 had no effect
on the development of cervical cancer [17].

Our results of the SNP gene study showed that there was
no significant difference in allele distribution and IFN-y
production among patient groups with different cyto-
logical and colposcopic findings. Low IFN-y production,
determined by homozygous AA genotype, was found to be
more common in the ASCUS and LSIL cervical findings,
whereas the heterozygous AT genotype was more prevalent
in the control and HSIL groups of patients.

Our study also established the existence of a significant
relationship between IFN-y gene polymorphism and earlier
infections. A negative sign of correlation indicated that low
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productions of this gene was related to a greater number
of previous infections and vice versa.

The IFN-y polymorphism at position +874 is associated
with increased predisposition and progression of a number
of diseases, including cervical cancer. The AA genotype
(homozygous genotype) is responsible for low cytokine
expression, since the DNA sequence containing T allele
is a specific binding site for transcription factor NF«B,
responsible for higher gene transcription and IFN-y pro-
duction. An in vitro study indicated that AA polymorphism
is associated with a low AT polymorphism with a moder-
ate and TT polymorphism with a high IFN-y production
[18]. These conclusions were also confirmed by a study by
Zhou et al. [9], in which the IFN-y AA genotype and the
A allele were significantly more common in patients with
CIN than healthy individuals.

The results of this study, as in the case of IFN-y gene
polymorphism, showed that there were no significant dif-
ferences in IL-12 gene polymorphisms distribution and
production among different groups of cytological findings.
Low-production homozygous AA genotype had the highest
incidence in the control group, whereas AC genotype was
most common in the ASCUS group. The low-production
AA genotype was detected in 50% of the LSIL and HSIL
cytological findings.

This study showed that AA low-production genotype
of the IL-12 is associated with the occurrence of cervical
lesions by a strong, negative, and significant coefficient.
This means that IL-12 low-production gene polymorphism
correlates greatly with the presence of cervical lesions.

IL-12B polymorphism is associated with the develop-
ment of diseases resulting from changes in IL-12 synthesis
and secretion. A small number of studies have examined
the correlation between IL-12B gene polymorphism and
the development of cervical cancer. Studies conducted in
Korea have shown that IL-12B with AC/CC genotypes
(rs3212227) increases the risk of cervical cancer, but also
that the difference is not statistically significant compared
to women in whom this combination was not detected
[28]. Similar results were reported in a study conducted
in China. The IL-12B gene polymorphism (rs3212227)
was not significantly correlated with an increased risk for
the development of cervical pathological changes. A study
conducted in China also suggested that IL12-B (rs3212227)
AC/CC genotypes may, in some individuals, increase the
risk of developing high-grade cervical lesions, especially if
associated with a higher number of births [21].

By studying the IL-12 gene polymorphisms, we found
that the AC genotype was not associated with the onset of
cervical changes, whereas the AA genotype was significantly
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Cytokine gene polymorphisms in cervical disease

Nonumopduamm unuToKMHCKMX reHa TNF, IFN-rama v IL-12 Kao moryhu npegukropu
HaCTaHKa LepBUKanHe 6onectu Kog eHa no3utuBHuX Ha HR HPV ca KodaKktopuma

PU3MYHOT NOHALLAA

[ujana Tacuh-Tomuh', Bepa Mpasuua®?, liguja Tacuh'?, Aspa Jlykau?, Mup3a LLaunh’, Maja hynuh>
'THeKONOLWKO-aKyLlepcKa KnuHuka ,HapoaHu ¢poHT’, Beorpag, Cpbuja;

*YHusepauTet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;
*MHCcTUTYT 33 MUKpobronorujy n umyHonorujy, beorpag, Cpbuja;
“Nlom 3apaerba Poxaje, Poxaje, LipHa lopa;

Onwta 6onHMua Hosu Ma3ap, Hosu Ma3ap, Cp6uja

CAMETAK

YBoa/LUum Linrs oBe cTyamje je 61o aa ce ucnuta guctprbyumja
reHOTUMOBA U asfiefa NPovHdIaMaTopHNX uuTokmHa TNF, IFN-
rama 1 IL-12 1 MXOB YTHLAj Ha HacTaHaK LiepBuKanHe 6onecTu,
Kao 11 fia ce YTBPAM HUXOB YAPYKEHM yTrLaj ca KodakToprma
Kog HR HPV no3nTunBHuX »eHa y Cpbuju.

MeTope Vicnntanu cmo 24 6onecHuLe 1 Ha OCHOBY LIITONTOLLKOT
Hanasa ux nogenunu y yetupm rpyne: PAP I, ASKUS, LSIL v HSIL.
AHanusa nonumopodwrama TNF, IFN-rama v IL-12 n3BpLieHa je
meTopom Real-time PCR TagMan. Cratnctiuka aHanusa ypaheHa
je ynotpebom napameTapcKux 1 HemapameTapCKmx TeCToBa 1
KopenawuunoHe 1 MynTumnie perpecroHe aHanmse.

Pe3syntatu 3HauajHo Beha yuecTanoct BUCOKOCEKPETOPHOT
reHotvna TNF AA yTBpheHa je y Texum obnvumma grcnnasuje.
Mo3wnTrBHa Kopenayuja n3mehy BUCOKOCEKPETOPHOT MONMMOP-
¢dwr3ma TNF 1 LiepBMKanHKX MpomeHa 61na je BUCOKO 3HauajHa.
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YTBphHeHa je ymepeHa, 3HauajHa Kopenauuja namehy Hucko-
cekpeTopHor IFN-rama v paHujux LepBuKanHux nHdeKuja.
[NocToju 3HayajHa MOBE3aHOCT HUCKOCEKPETOPHOT FreHOTHMa
IL-12 ca paHvuama Ha rpavhy matepuue.

3aksbyyak PesynTatyi oBe cTyauje nokasyjy aa cy HSIL npomeHe
Yy Be3u ca 3HayajHo Behom yyecTanowiy BUCOKOCEKPETOPHOT
reHoTuna TNF AA. C 063vpom Ha To Aa ce noaMmopdu3mMm of-
peheHnX LINTOKNHCKMX reHa Koju Kofupajy NpoTerHe yKibyyeHe
y Th1 n Th2 henujckn ogroBop nosesyjy ca JO6POM 0OAHOCHO
HenoBO/bHOM NPOrHO30M LiepBUKaHe 60NeCTI Koj eHa ca
nep3ucteHTHoM HR HPV nHdekuumjom, Mory ce cmaTtpaty 6mo-
MapKepuMa ca NpPeAnKTUBHOM YIOrOM y Pa3Bojy LiepBrKanHor
KapLuHoma.

KrbyuHe peun: LepBurKanHu KapyuHOM; KOdaKTopu; reHCKM
nonumopdusmu; TNF; IFN-rama; IL-12
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