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Abstract

Interleukin 10 (IL‐10) is an immunosuppressive cytokine and its genetic variants

could have an indirect impact on viral biology and human papillomavirus (HPV)

E6/E7 messenger RNA (mRNA) expression as well. This study evaluates the

association between IL‐10‐592 C/A (rs1800872) single‐nucleotide polymor-

phism and HPV E6/E7 mRNA expression in a group of women from the Republic

of North Macedonia. Using a commercial test, 272 women's cervical samples were

analyzed for HPV E6/E7 mRNA and HPV DNA presence. The cases were stratified

into three groups: double‐positive (n = 108, positive for both tests), negative

(n = 51, negative for HPV E6/E7 mRNA and HPV DNA positive), and the control

group (n = 113, negative for both tests). The IL‐10‐592 C/A polymorphism was

analyzed using polymerase chain reaction‐restriction fragment length polymor-

phism. The results showed the CC genotype and the C allele frequencies of IL‐10‐

592C/A were significantly higher in double‐positive (59.3% and 78.2%) compared

to negative group (39.2% and 65.7%), (p = 0.018, confidence interval [CI] = 2.25;

1.14–4.45 and p = 0.016, CI = 1.88; 1.11–3.16, respectively). The CC genotype and

C allele of rs1800872 polymorphism were shown to be associated with HPV E6/E7

mRNA but not with HPV DNA positivity, which implies a possible role of this

polymorphism in the course of the infection only after HPV onset, and lack of

association with the susceptibility to HPV.
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1 | INTRODUCTION

Cervical carcinogenesis is strongly associated with persistent infec-

tion with high‐risk (HR) human papillomavirus (HPV),1,2 usually

accompanied by HPV E6 and E7 messenger RNA (mRNA) expres-

sion.3 E6 and E7 viral proteins are very important in cervical

carcinogenesis due to their interference in steps of the cellular

control mechanisms. Hence, HPV E6/E7 mRNA testing has been

considered as a more specific test for HPV persistence and a useful

biomarker for predicting the condition that could undergo cell

transformation.4,5 HPV E6 and E7 oncogene active transcription

can be monitored directly with the detection of HPV E6/E7 viral

mRNA transcripts or proteins.6–8

Since the HPV infection is the initial prerequisite for cervical

lesions and most infections resolve spontaneously, its persistence

depends on many additional factors. The host's immunogenetics,

particularly cytokines' variants could underlie HPV persistence as

well as HPV E6/E7 mRNA expression. Interleukin 10 (IL‐10) acts as

an immunosuppressive cytokine and influences viral clearance or viral

persistence.9–11 It is a Th2 cytokine that acts as an immune response
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modulator, but the modulation has been described to be paradoxical

in cervical cancer. Namely, in presence of HPV oncoproteins E6 and

E7, IL‐10 has an anti‐inflammatory function but later it promotes

tumor growth during the high E6 oncoprotein activity.

Previous studies have described different IL‐10 production to be

dependent on its genetic variant.12 Hence, it could be expected that

some variants promote more its anti‐inflammatory effect and

influence HPV persistence, or cell clearance from this infection.13

In the previous study of Duvlis et al.,14 it was found that IL‐10‐592

(rs180072) CC genotype and C allele variant located in the promoter

of the IL‐10 gene, are associated with cervical intraepithelial

neoplasia (CIN) lesions and cervical cancer (CCa), but the exact

mechanism of the impact of this variant on CIN and CCa

development and HPV persistence is still unknown. This study was

conducted to investigate a possible correlation between IL‐10‐592

C/A polymorphism and HPV E6/E7 mRNA positivity in a group of

Macedonian women and whether the finding could be an additional

predictive marker for women susceptible to CCa development.

2 | METHODS

2.1 | Sample description

The study group consisted of 272 women aged 17–67 years, who

underwent a routine cervical cancer screening program. Endocervical

swabs collected by a gynecologist from the University Clinic for

Gynecology and Obstetrics, Skopje were provided to the Laboratory

for Virology and molecular diagnostics at the Institute of Public

Health of the Republic of North Macedonia, Skopje. All participants

had signed informed consent and the study protocol was approved

by the Ethical Committee of the Institute of public health of the

Republic of North Macedonia and Medical Faculty, University “Ss.

Cyril and Methodius,” Skopje (no. 03‐5515/4). All the samples were

submitted to both testing: HPV E6/E7 mRNA expression and

detection of HPV DNA as well as genotyping for the IL‐10 c.‐592

C/A variant.

The study group was divided into three subgroups according to

the results from the HPV testing: a positive group with positive status

for both tests: HPV E6/E7 mRNA expression and HPV DNA (n = 108);

a negative group of patients with a negative status on the HPV E6/E7

mRNA expression but the positive status of HPV DNA (n = 51); and a

control group consisted of samples with negative status for both

tests (n = 113).

2.2 | Nucleic acid isolation

Total nucleic acid was extracted from the pellet after centrifuging

the cervical specimen preserved in PreservCyt/ThinPrep solution

(Cytyc Corporation) or in viral transport medium (phosphate‐

buffered saline) according to the NucliSens protocol using the

miniMAG platform (bioMerieux). The nucleic acids were eluted in a

55 µl elution buffer and were further processed for HPV DNA

testing as well as mRNA detection.

2.3 | HPV DNA detection and genotyping

Seeplex® HPV4A ACE screening, assay Seegene, is based on dual

priming oligonucleotide technology that enables high specific

priming, stable annealing, and blocking of nonspecific annealing

of primers/probes to the target during the polymerase chain

reaction (PCR) reaction. It was used as a commercial test for the

first line HPV DNA screening. The test enables differentiation

between low‐risk HPV types (6 and 11) and the 16 most frequent

high risk (HR) HPV types (26, 31, 33, 35, 39*, 45, 51, 52*, 53, 56,

58, 59, 66, 68*, 73, and 82) but does not allow identification of the

specific type with the exception of genotyping for the two HRHPV

types: types 16 (500 bp band) and 18 (360 bp) and the two low‐risk

types: HPV 11 and 6 (260 bp). The others are referred to as

HR types (450 bp).

2.4 | HPV mRNA detection

HPV mRNA was detected with the PreTect HPV Proofer test

according to the manufacturer's instructions. Briefly, in three

prepared premixes of U1A/HPV16, HPV18/31, and HPV33/45 with

primer/molecular beacon mixes in supplied strip tubes, the reaction

was initialized by the addition of enzymes and measured in real‐time

in the isothermal condition of the NucliSENS EasyQ analyzer at 41°C.

Data analysis was performed using the PreTect Analysis Software.

The PreTect HPV Proofer test includes primer pairs targeting

U1A mRNA as intrinsic control to determine the sample validity.

Human U1 small ribonucleoprotein (U1A mRNA) was used as an RNA

integrity/adequacy internal control. When the U1A amplification was

not detected, the test result was denoted invalid. To evaluate the run

validity, positive controls for U1A/HPV16, HPV18/HPV31, and

HPV33/45 were included.

2.5 | IL‐10‐592 C/A genotyping

The IL‐10‐592 (rs1800872) polymorphism was analyzed using PCR‐

restriction fragment length polymorphism, with primer set for the

promoter region of this gene designed using primer design software –

Primer3Plus (http://www.bioinformatics.nl/cgi-bin/primer3plus/prim

er3plus.cgi) and used in previous study14 (sense: GGGGTCATGGT

GAGCACTAC and antisense: CAAGCAGCCCTTCCATTTTA).

The PCR product encompassing 230 bp was digested with the

1U of RsaI restriction enzyme (Invitrogen, Life Technologies,

Carlsbad, CA, USA), according to the manufacturer's instruction: 2 h

on 37°C. The different genotypes were confirmed with sample

sequencing on ABI PRISM 310 Genetic Analyzer (Thermo Fisher

Scientific) (Supporting Information).
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2.6 | Statistical analysis

The genotype distribution and allelic frequencies were analyzed using

Pearson's χ2 test and Fisher's exact test, or its extension, considering

p ≤ 0.05 as a significance threshold. The odds ratio (OR) and the

confidence interval (CI) of 95% by the Speckle image statistical

analysis statistics method (https://www.quantitativeskills.com/sisa/

statistics/twoby2.htm) were calculated to estimate the probability of

association of the studied polymorphisms with positive HPV E6/E7

mRNA expression.

The ORs were performed for rs1800872 polymorphism under

the allelic model (C vs. A), homozygous model (CC vs. AA), recessive

genetic models (AA vs. CC + AC), heterozygous model (CC vs. AA),

and dominant inheritance model (AA + AC vs. CC), respectively.

3 | RESULTS

Genotype distribution analysis showed that the CC genotype was

significantly (p = 0.018) more common (OR = 2.25) in the positive

group (59.3%) compared to the negative group (39.2%), and

compared to negative and control together (p = 0.04), but not

compared to the control group (49.6%) alone (Table 1). The OR of

the CC genotype versus the CA and AA genotype in the positive

group to be associated with a positive HPV E6/E7 mRNA expression

test was 2.25 (95% CI: 1.14–4.45) compared to the negative group

and OR: 1.68 (95% CI: 1.03–2.75) compared to the rest groups

together (Table 2).

The frequency of the C allele was 78.2% in the positive group,

65.7% in the negative group, and 72.6% in the control group. The C

allele was significantly more frequent in the positive group (p = 0.016)

compared to the negative group and with borderline significance

compared to the other groups (p = 0.04). Regarding the allele

distribution, OR of the C allele to be associated with the HPV E6/

E7 mRNA expression test was 1.88 (95% CI: 1.11–3.16) when the

positive group was compared to the negative group; and 1.5 (95% CI:

1.01–2.25) compared with both (negative and control group

together), respectively. This OR was insignificant when compared

to the control group alone. The gene and the allele frequencies of the

IL‐10‐592 C/A variants are shown in Figure 1.

4 | DISCUSSION

The genetic background of the host strongly influences human response

to infections and recently has been extensively explored to predict the

infection outcome.13 A common polymorphism ‐592 C/A in the IL‐10

promoter region (rs1800872), was shown to be associated with

susceptibility to various malignancies15 and significantly associated with

different infections outcomes. Some studies found an association of the

CC genotype with a decreased risk of Mycobacterium tuberculosis

manifestation 16 as well as with the worst outcome of enterovirus 71

TABLE 1 Genotype and allele distribution of rs1800872 variants in double‐positive, negative, and control groups

Groups

Genotype distribution (%) Allele frequency (%)

CC, n (%) AC, n (%) AA, n (%) Total, n (%) C, n (%) A, n (%) Total, n (%)

Positivea 64 (59.3) 41 (38.0) 3 (2.7) 108 169 (78.2) 47 (21.8) 216

Negativeb 20 (39.2) 27 (53.0) 4 (7.8) 51 67 (65.7) 35(34.3) 102

Control 56 (49.6) 52 (46.0) 5 (4.4) 113 164 (72.6) 62 (27.4) 226

Total 140 (46.9) 120 (48.5) 12 (4.6) 272 400 (71.2) 144 (28.8) 544

Abbreviations: HPV, human papillomavirus; mRNA, messenger RNA.
aPositive: Dual positive (HPV E6/E7 mRNA and HPV DNA positive).
bNegative: Only HPV DNA positive.

TABLE 2 Statistical significance of rs1800872 genotypes frequency compared among the three stratified groups

rs (1800872) P1 OR (95%CI) P2 OR (95% CI) P3 OR (95% CI)

C/A 0.016 1.88 1.11–3.16 0.04 1.5 1.01–2.25 0.166 1.36 0.88–2.1

CC/AC 0.034 2.1 1.05–4.24 0.058 1.62 0.98–2.68 0.18 1.45 0.84–2.49

CC/AA 0.05 4.27 0.88–20.69 0.016 2.53 0.66–9.73 0.38 1.90 0.44–8.33

CC/AA + AC 0.018 2.25 1.14–4.45 0.037 1.68 1.03–2.75 0.148 1.48 0.87–2.52

AC + CC/AA 0.15 2.98 0.64–13.84 0.289 2.03 0.54–7.68 0.51 1.62 0.38–6.95

Note: P1 =HPV dual positive (positive group) versus HPV DNA positive (negative group); P2 = HPV dual positive (positive group) versus HPV DNA positive

(negative group) + control group; and P3 =HPV dual positive (positive group) versus control group.

Abbreviations: CI, confidence interval; HPV, human papillomavirus; OR, odds ratio.
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infections.17 Also, many studies explain the impact of IL‐10 on HPV

infection.12,18 Still, the exact mechanism of how local or serum levels of

IL‐10 influence HPV infection is not clear, but its impact on estimating

HPV persistence through its association with increased production of

viral E6/E7 is well documented.19 In a previous study that described the

interaction between IL‐10 and HPV, IL‐10 induces some expression of

viral E6 and E7, and vice versa, HPV E2, E6, and E7 proteins induce IL‐

10 expression, resulting in a vicious cycle.18 This event further leads to

infection progression to CIN lesions or CCa.20,21 In addition to this

evidence, is finding that the protein levels of HPV16 E7 increased after

treatment with IL‐10 in all HPV16‐positive cells22; hence, it could be

concluded that there is a close association between the host's IL‐10 and

the viral oncogene expressions. However, it is still unknown whether

the genetic variant could additionally influence this association.

This study investigates the association between a variant of

IL‐10‐592C/A with HPV E6/E7 mRNA presence. Unfortunately, it

was done without quantification of the IL‐10 local or serum levels,

which are about to be investigated in further studies. Up to now,

there are no published results on whether the IL‐10 gene variants

additionally affect the HPV E6/E7 mRNA expression, so in this study

was assumed that the IL‐10‐592 C/A polymorphism could be an

additional factor associated with this expression.

The results from this study showed that the CC genotype and C

allele are significantly more frequent in HPV double‐positive cases

compared to HPV E6/E7 mRNA negative group only, indicating their

positive association with HPV E6/E7 mRNA expression but not with

HPV DNA positivity alone. The lower frequency of CC genotype and

C allele in the negative group of cases (HPV DNA positive cases

without E6/E7 mRNA expression) suggests that the variant does not

have an impact on the onset of the infection or this finding might be

attributed to the transient nature of HPV DNA infection. In this

scenario, the variant does not influence this stage that is usually

accompanied without HPV E6/E7 mRNA expression and the HPV

DNA is usually in an epigenetic state in this stage. Another

explanation could be that the CC genotype might have a higher

stimulating effect on HPV E6/E7 mRNA expression related to reports

from a study by Men et al.,23 where these genotypes are associated

with a higher level of IL‐10 in peripheral blood associated with higher

immunosuppression.

The CC genotype of this single‐nucleotide polymorphism (SNP) was

confirmed to be associated with a risk for many different cancers in a

metastudy in the Asian population done by Ding et al.15 and AA of the

same SNP to be associated with a lower risk of cervical cancer in a

recent meta‐study by Wang et al.24 The results from this study could be

complementary to results obtained in a previous study of the same

polymorphism,14 in Macedonian women where the CC genotype was

associated with cervical cancer and CIN lesions, but now, this effect was

mirrored through viral E6/E7 oncogene expression.

Surely, there is a limitation in this study regarding the small

number of samples investigated and therefore both findings warrant

confirmation in wider epidemiological and molecular studies with a

higher number of participants.

In conclusion, the C/CC variant of IL‐10‐592C/A SNP may be a

marker of susceptibility to HPV persistence, through possible

influence of higher rate of HPV E6/E7 mRNA expression, but only

after the onset of infection, as well as a risk factor for developing

cervical cancer. This genotype is not associated with susceptibility to

onset of HPV infection given the absence of association with HPV

DNA alone.

The identification of immunogenic predictors could be useful for

the predictive selection of women who may undergo HPV persist-

ence and progression to CIN, in the context of avoiding overload in

diagnosis, optimizing treatment services, and improving the cancer

prevention strategy in general.
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