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Abstract. One of the main etiological factors in the development of cervical cancer is infection with human papilloma-
virus (HPV). At the same time, the risk of developing a malignant process increases with an increase in viral load. The
aim of this study was to investigate the transcription level of DNA repair and cell cycle control genes in the cervical epi-
thelial cells of women with a clinically significant HPV viral load. The material for the study was DNA and RNA samples
isolated from cervical epithelial cells in women. A total of 107 samples were analyzed. 55 women were HPV-positive
(with a clinically significant viral load - more than 103 HPV genomes per 100 thousand human cells); the control group
consisted of 52 HPV-negative women. All women were over 30 years old. The transcription level of the APEXT, ERCC2,
CHEK2, TP53, TP73, CDKN2A, SIRT1 genes was determined using RT-PCR. It was shown that the detection frequency
of the APEXT and ERCC2 gene transcripts was increased in the group of women with a clinically significant viral load.
The transcription level of all the studied genes did not differ between the control group and the group with clinically
significant HPV concentrations. However, the transcription level of the TP53 and TP73 genes decreased with increasing
viral load. In the control, a correlation between the transcription levels of genes involved in the functioning of the p53
protein was revealed. An increase in viral load during HPV infection is associated with a change in the coexpression of
DNA repair and cell cycle control genes.
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DKCITpeccHsi TeHOB CUCTEMbI pernapanim
11 KOHTPOJISI KJIETOUHOTO LMKJ/a rmpu BITY-mHpeKInN
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IOXHbI depepanbHbI yHUBepcuteT, PoctoB-Ha-[JoHy, Poccus
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AHHoTaumA. O4HUM 13 OCHOBHBIX STMONOrMYeCKMX GpaKTOPOB Pa3BUTUA paka LUK/ MaTKN ABNAeTCA MHOMLMPOBa-
Hne BMPYCOM nanuinombl Yenoseka (BMY). Mpwr 3Tom prck pa3sButrA 310KauyeCcTBEHHOro npoLjecca yBenmnymBaeTca ¢
poCTOM BUPYCHOI Harpy3ku. Llenbto gaHHOro nccnenosaHma 6b110 M3yyeHrie YPOBHA TPaHCKPUNLMK reHOB penapa-
uun JHK 1 KOHTponA KNeTouyHoro LymKkna B SNUTeNranbHbIX KNeTkax LepBrKaIbHOTO KaHaa XeHLWMH C KIIMHUYeCKn
3HAUYMMOW BUPYCHOW Harpyskoi npu BMNY-uHdekuun. Matepuanom ans uccnefoBaHua NocnyXunm obpasubl AHK
1 PHK, BblgeneHHble U3 anuTenunanbHbIxX KNeToK. Bcero 6bino npoaHanusmposaHo 107 06pa3uoB: 55 XKeHLWUH 6biin
BMY-nonoxutesbHbIMY (C KMHUYECKU 3HAUMMON BUPYCHOW Harpy3kom — 6onee 103 reHomoBs BIMY Ha 100 Tbic. KNeTok
yenoBeka), KOHTPONbHYO rpynny coctaBunm 52 BIMY-oTpuruaTtenbHble XeHWnHbI. Bee xeHwmHbl 6binn ctapue 30 neT.
YpoBeHb TpaHckpunuuu reHoB APEXT, ERCC2, CHEK2, TP53, TP73, CDKN2A, SIRT1 onpepensanu ¢ nomotybto OT-TLP.
MokasaHo, uTo YacToTa O6HapyKeHWA TPaHCKPUNTOB reHoB APEXT n ERCC2 6bina NoBbiLLeHa B rpynne XeHLWUH C Ku-
HUYECKM 3HAUMMOW BUPYCHOW Harpy3Kkow. YpoBeHb TPaHCKPUMNLUUN BCEX NCCIeAOBaHHbIX FEHOB He Pa3nnyasnca Mexay
KOHTPOMbHOW rpynnow u rpynnoi BMY-nHeunumpoBaHHbIX xeHWwmnH. OAHaKO YCTaHOBNEHO, YTO YPOBEHb TPaHCKpU-
uunn reHoB TP53 n TP73 cHMXaeTcAa C pOCTOM BUPYCHOWN Harpy3ku. B KOHTpone BbifAiBNeHa Koppenaumna mexay ypoBs-
HAMYW TPAHCKPUMLUMY FeHOB, Y4YacTBYOWMX B obecneveHnn GyHKLMOHMPOBaHMA Genka p53. YBennyeHvie BUPYCHON
Harpysku npu nHounumposaHmm BINY ceA3aHo ¢ n3meHeHMeM KosKcnpeccmm reHoB penapaumm JHK n koHTpona Kne-
TOYHOTO LMKNa.

KntoueBble cnoBa: BUPYC NanuiioMbl YenoBeKa; KOHTPOJIb KIETOYHOTO LMKNa; TPAHCKPUMLMA reHOB; KO3KCnpeccus
reHoB
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Introduction

Human papillomavirus (HPV) is a major risk factor for inva-
sive cervical cancer (Bava et al., 2016). Most cases of HPV
infections (70-80 %) are transient and asymptomatic, in which
the virus disappears from the body or becomes undetectable
within two years of infection (Kim et al., 2012). However,
in some cases, infected women develop low- and high-grade
squamous intraepithelial lesions or cervical cancer (Chansaen-
roj et al., 2013). The International Agency for Research on
Cancer has documented that a high viral load in HPV infection
is a risk factor for cervical cancer (Ylitalo et al., 2000; van
der Weele et al., 2016).

The life cycle of human papillomavirus is determined by
its influence on intracellular processes, primarily cell cycle
control, the activity of factors of the DNA repair system, and
factors of the immune system. Normally, differentiation of
urogenital tract epithelial cells is accompanied by their exit
from the cell cycle. In infected cells, viral DNA is amplified
to thousands of copies per cell, which is accompanied by the
preservation of the ability of epithelial cells to divide (Long-
worth, Laimins, 2004; Minger et al., 2004).

Infection of epithelial cells and amplification of viral DNA
can lead to damage to the human genome. The response to
DNA damage plays a crucial role in maintaining genome sta-
bility by coordinating the course of the cell cycle with DNA re-
pair. The main stages of excision repair include recognition of
DNA damage, unwinding of the DNA region with a damaged
site (ERCC2 is one of the participants), cutting of the DNA
chain and cutting out the damaged DNA region (for example,
with the participation of APX1), ligation of a new chain. The
implementation of repair processes requires stopping the cell
cycle, which is carried out due to the functioning of proteins
such as CHEK?2, CDKN2A, p53, p73, SIRTL.

Aberrant expression of key factors changes the capacity
of the repair system, affecting genome stability and integrity,
which increases the likelihood of altered/damaged cells preser-
vation and the development of a malignant process (Kushwah
et al., 2023). Research data show that the expression level of
the DNA repair and cell cycle control systems genes changes
in cervical cancer, including that of APEX1 (Li et al., 2021;
Zhang et al., 2023), ERCC2 (Ye et al., 2012; Bajpai et al.,
2013), TP53 (Ngan et al., 2001; Zhou et al., 2015), TP73
(Liu et al., 2004; Choi et al., 2007), CDKN2A (Hafkamp et
al., 2009). However, there are almost no data on the effect of
clinically significant viral load in HPV infection on transcrip-
tion of the repair system genes before the development of
severe forms of epithelial cell dysplasia.

The aim of this study was to investigate the expression level
of the DNA repair and cell cycle control systems genes at a
clinically significant concentration of human papillomavirus
in the epithelial cells of the urogenital tract of women.

Materials and methods

The material for the study was DNA and RNA samples isolated
from epithelial cells of the urogenital tract of women. Among
them, there were 55 women infected with HPV (with a clini-
cally significant viral load — more than 3 lg (Ig — common
logarithm, 3 1g— 1000 HPV genomes per 100 thousand cells))
and 52 HPV-negative women (control group). The average
viral load in infected women was 5.03+0.13 Ig (minimum —
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3.4 1g, maximum — 8.1 Ig). Women with a viral load less than
3 Ig were excluded from the study.

Among 55 women infected with HPV, 5.4 % had normal
cytological characteristics of the epithelium (NILM); 36.4 %
had atypical squamous cells of undetermined significance
(ASCUS); low-grade dysplasia (LSIL) was detected in 58.2 %
of women.

Allwomen included in the study were over 30 years old. The
average age of women in the control group was 37+0.79 years,
in the group of women with clinically significant HPV concen-
trations — 38 +£1.25 years. All collected samples of epithelial
cells scrapings from the urogenital tract of the women were
provided by the diagnostic laboratory “Nauka” (Rostov-on-
Don, Russia).

The ethnic component was also considered — only women
of the Caucasian race were included in the study. In this case,
Russians made up 86 %, Armenians, 9 %, other nationalities
of the Caucasian race, 5 %.

Informed written consent was obtained from all women. The
research received approval from the Bioethics Committee of
the Academy of Biology and Biotechnology of the Southern
Federal University on March 29, 2016 (Protocol No. 2). All
experimental procedures adhere to the standards and ethical
guidelines of the World Medical Association (Helsinki Decla-
ration).

Samples of cervical epithelial cells scrapings were used.
Total DNA was extracted using the DNA-sorb-AM reagent
kit according to protocol (NextBio, Russia). DNA for high-
risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
and 59) was quantified using the protocol AmpliSens-HPV
HCR screen-titre-FRT (Interlabservice, Russia) (AmpliSens...
Manual, 2018). An assessment of viral load was made based
on clinical reports published in the manufacturer’s kit manual.
Specifically, a viral load less than 3 Ig per 10° human cells
was taken to signify “low clinical significance”, while a load
greater than 3 lg per 10° human cells was equated to a clini-
cally significant probability of dysplasia.

Total RNA isolation was performed using the GeneJET
RNA Purification Kit (Thermo Scientific) according to the
manufacturer’s instructions. The reverse transcription re-
action was performed at 45 °C for 50 minutes followed by
MMLV-RT inactivation at 92 °C for 5 minutes. The transcrip-
tion level of the GAPDH, APEX1, ERCC2, CHEK?2, TP53,
TP73, CDKN2A, SIRT1 genes in epithelial cells of the cervi-
cal canal of the women was determined by Real-time PCR
using fluorescent gene-specific probes or SYBR Green. The
sequence of primers and probes is presented in Table 1. The
amplification reaction was performed in two replicates for
each sample according to the following program: 94 °C —
10 minutes, 60 °C — 50 seconds, 94 °C — 15 seconds. The last
two steps were repeated 40 times.

Statistical analysis. The target mMRNA level was normalized
to the level of MRNA GAPDH. The level of transcription was
determined using the ACt approach, where ACt is the differ-
ence in the target and the housekeeping gene threshold cycles.
Statistical analysis of data of gene expression was performed
by the 2-24Ct method by Livak and Schmittgen (2001). It
shows the multiplicity of changes in gene expression level
in the samples compared. The average ACt values for two
groups were compared using Student’s t-test. Pearson’s Rank
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Table 1. Sequence of primers and probes
used to determine the level of gene transcription

Gene 5'-3'sequence of primers and probes

GAPDH F 5'-AGGTCGGAGTCAACGGATTT-3'
R 5-ATCGCCCCACTTGATTTTGG-3'

FAM-GGCGCCTGGTCACCAGGGCT-BHQT1

APEX1 F 5-AAAGTTTCTTACGGCATAGGCGAT-3’
R 5'-CTGTTACCAGCACAAACGAGTCA-3’

FAM-ATCACCCGGCCTTCCTGATCATGCTCC-BHQ1

TP53 F 5-GCCCTCAACAAGATGTTTTGCCAACT-3’
R 5-CAACCTCCGTCATGTGCTGTGACTG-3'

FAM-TTGATTCCACACCCCCGCCCGGCACC-BHQ1

ERCC2 F 5'-CGAGGCCCACAACATTGACAAC-3’
R 5-TCTTTGATCCTGAGCACCGTCT-3'

FAM-AACCTCACCCGCCGGACCCTTGACC-BHQ1

CHEK2 F 5-AGCCCAGCCTTCTACTAGTCGAAA-3’
R 5'-GTTCAAACCACGGAGTTCACAACACA-3’

FAM-TCGGCACCCTCGGCTTCCCCTTCACGG-BHQ1

TP73 F 5'-CACACCATCACCATCCCCAA-3’
R 5-CCTCCGTGAACTCCTCCTTG-3'

FAM-GGACTTCGGCTTCGACCT-BHQ1

CDKN2A F 5-CTTCCTGGACACGCTGGTG-3’
R 5"-ATGGTTACTGCCTCTGGTGC-3’

FAM-GACCTGGCTGAGGAGCTG-BHQ!1

SIRT1 F 5'-CTTCACCACCAGATTCTTCAG-3'

R 5-TTCAGCAATACTTTCAACATTCC-3'

Correlation Coefficient was used to assess whether there were
statistical correlations between the expression level and the
selected independent variables (the viral load and women’s
age). GraphPad InStat software (version 3.05) was used for
all statistical analyses.

Results

Among 55 women infected with high-risk HPV types, type 16
was detected in 32.7 % of cases. HPV type 18 was the second
most frequently detected type (9.1 %). Women infected with
either type 31 or type 33 accounted for 7.3 % each. HPV
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type 51 was detected in three women (5.4 %). In addition,
isolated cases of monoinfection with HPV types 45, 52, 58
or 59 were also detected. However, 29.1 % of women were
co-infected with two HPV types. No relationship was found
between the type of human papillomavirus and the viral load,
as well as the transcription level of the studied protein-coding
genes.

As a result of the study, it was found that TP53 and SIRT1
transcripts are detected in 100 % of the samples; CHEK?2
transcripts are detected in 96 % of the samples. Most samples
were characterized by transcription of TP73 (69 and 73 % in
the control and HPV infection groups) and CDKN2A (58 and
62 % in the control and HPV infection groups). It was found
that in a clinically significant viral load, the part of epithe-
lial cell samples with transcribed APEX1 and ERCC2 genes
was 78 and 40 %, respectively, which is 20 % higher than in
the control group (p < 0.05). It should be noted that for the
ERCC2 gene, the transcript detection frequency increased
with increasing viral load. So, at an HPV concentration of
3-51g, the proportion of samples with ERCC2 transcripts was
34.4 %, and at a viral load above 5 Ig, it was 47.8 %. This may
reflect an increase in the intensity of human DNA damage
when the HPV concentration in epithelial cells increases. The
highest level of transcription was typical of the CHEK?2 and
SIRT1 genes.

The transcription level of all the genes studied in the control
and at clinically significant HPV concentrations did not differ
(p >0.05) (Fig. 1).

However, the mMRNA level of two genes depended on HPV
concentrations in the cells of infected women. Thus, the tran-
script level of the CHEK?2 gene in the cells of women with a
viral load of 3-5 Ig did not differ from the control. At the same
time, at HPV concentrations of more than 5 Ig, the relative
level of CHEK2 transcripts was 3 times lower compared to
the control (2-2ACt=0.34, p = 0.03). Another dependence was
revealed for the TP73 gene: with a viral load of 3-5 Ig HPV
genomes, the level of TP73 transcripts was 2.7 times higher
than in the control (p = 0.03); with a viral load of more than
51g, the level of TP73 gene transcripts did not differ from the
control values (Fig. 2).

Anegative correlation was found between the mRNA level
of TP73 or TP53 and the viral load in HPV infection (Table 2).

5
o T T -
| T |
*—T .
_5 | T | |
5 J_ il | T il J_
: e 17 o
10 1 _!_ T | _ T
5 ' | — | | HPV
T — | X ) —= T Control
T
-15 | |
fT LT TT e
° o 1 J_
20 CHEK2 P53 P73 CDKN2A APEX1 ERCC2 SIRT1

Fig. 1. The level of the genes’ transcription in the epithelial cells of the urogenital tract of women relative to the expression of
GAPDH in the control and at clinically significant HPV concentrations.
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Fig. 2. The level of CHEK2 and TP73 transcription in the epithelial cells
of the urogenital tract of women relative to the expression of GAPDH
depending on the viral load in HPV infection (comparison with the
corresponding control).
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In the control, the transcription level of CHEK2 corre-
lates with the transcription levels of SIRT1, TP53 and TP73
(Table 3). The level of SIRT1 transcripts correlates with the
MRNA levels of the TP53, TP73 and APEX1 genes. TP53
transcription activity is also associated with CDKN2A tran-
scription levels. And the transcription level of CDKN2A, in
turn, correlates with the transcription level of ERCC2.

At a clinically significant viral load in HPV infection, the
dependence of the TP53 and TP73 genes’ transcription and
also that of SIRT1 and ERCC2 genes has been shown. The
transcription of APEX1 correlated with other genes, except
for CDKN2A (Table 4). At the same time, unlike the control,
the mRNA level of the CDKN2A gene does not depend on the
TP53 gene transcription level (Table 4).

Discussion

In the work, the level of gene transcription in the cervical
canal cells of women over 30 years old in the control group
and in the group with an HPV viral load of more than 103 DNA

Table 2. Correlation analysis of the genes’ transcription level with viral load in HPV infection

SIRT1 TP53 TP73 CDKN2A ERCC2 APEX1 CHEK2
r=0.15 r=-0.27 r=-0.46 r=-0.13 r=-0.05 r=0.23 r=-0.15
p=027 p=0.045 p=0.003 p=0.47 p=081 p=0.14 p=0.29
Table 3. Correlation of genes’ transcription in cervical epithelial cells in the control
Gene SIRT1 TP53 TP73 CDKN2A ERCC2 APEX1
CHEK2 r=0.57 r=0.64 r=0.48 r=0.27 r=-0.14 r=0.23
p <0.0001 p <0.0001 p=0.003 p=0.15 p=07 p=0.21
SIRT1 - r=0.51 r=0.54 r=0.34 r=-0.12 r=0.52
p=0.0001 p =0.0006 p=0.07 p=074 p=0.003
TP53 - - r=0.29 r=0.45 r=0.19 r=0.39
p=0.08 p=0.01 p=06 p=0.033
TP73 - - - r=0.38 r=0.19 r=0.29
p=0.07 p=0.6 p=0.15
CDKN2A - - - - r=0.85 r=0.15
p=0.015 p=053
ERCC2 - - - - - r=-0.52
p=0.19
Table 4. Correlation of genes’ transcription in cervical epithelial cells in HPV-infection
Gene SIRT1 P53 P73 CDKN2A ERCC2 APEX1
CHEK2 r=035 r=0.43 r=0.44 r=0.28 r=027 r=0.34
p=0.016 p=0.0013 p=0.005 p=0.12 p=0.26 p=0.03
SIRT1 - r=0.42 r=0.37 r=0.34 r=0.53 r=0.53
p=0.021 p=0.023 p=0.09 p=0.029 p=0.003
TP53 - - r=0.75 r=20.05 r=0.23 r=0.63
p <0.0001 p=0.76 p=0.31 p <0.0001
TP73 - - - r=0.17 r=-0.01 r=0.38
p=04 p=097 p=0.03
CDKN2A - - - - r=-0.6 r=-0.14
p=0.018 p=0.46
ERCC2 - - - - - r=0.47
p=0.05
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copies of HPV per 105 human cells was investigated. This
level of viral load is considered clinically significant and in-
creases the likelihood of dysplastic changes in epithelial cells
(AmpliSens... Manual, 2018). The change in the epithelial cell
structure is the result of metabolic processes changes in in-
fected cells. The cellular events underlying the transition from
normal cervical tissue to cervical dysplasia or cancer at HPV
infection remain unexplored. Specifically, it is unknown why
some HPV infections persist and progress to cancer, whereas
other HPV infections are cleared or precancer tissues return
to normal states. In addition, each stage has its own specific
HPV-infected epithelial transcription properties.

Cells of the normal cervix highly express multiple tumor
suppressors (for example SLC5A8, DERL3), thereby sup-
pressing cell proliferative, migratory and invasive capacities
(Guo et al., 2023).

HPV-positive cells with histological changes consistent
with CIN I have approximately 20 % of differentially ex-
pressed genes compared to normal keratinocytes. Genes of
DNA repair and cell cycle (ATM, ATRX) are upregulated.
Genes of epithelial differentiation and epidermal development
are downregulated. In addition, genes involved in the immune
response are downregulated (for example IL-6, STAT1, IFNp)
(Templeton, Laimins, 2024).

At HSIL, high cellular motor capacity is manifested, spe-
cifically expressing genes related to cell adhesion (CDH16,
CDH17 and VSIG1) and extracellular matrix degradation. It
can promote the expansion of atypical cells in intraepithelial
neoplasia progression. BRCA1, which plays a crucial role in
DNA replication, DNA repair and genomic stability main-
tenance, is also active in the cells with HSIL. Cancer cells
manifest high expression levels of genes related to carcino-
genic pathways such as epithelial-to-mesenchymal transition,
tumor cell proliferation, migration, invasion and angiogenesis
(Guo et al., 2023).

We have evaluated the effect of viral load in HPV infection
on the transcription level of the DNA repair and cell cycle con-
trol systems genes. A relationship has been revealed between
the transcription of the studied genes in uninfected cells. The
activity of CHEK2 transcription is associated with the mRNA
level of the TP53, TP73, and SIRT1 genes (Table 3, Fig. 3).
At the same time, the TP53 gene transcription is associated
with the activity of the APEX1 and CDKN2A genes. The last
is co-expressed with the ERCC2 gene.

The CHEK?2 gene is an oncosuppressor and encodes serine
threonine kinase, which reacts to DNA damage and plays a
key role in maintaining genome integrity (Bartek et al., 2001).
In response to DNA damage, Chk?2 kinase is activated, which
triggers a protein phosphorylation cascade. The spectrum of
phosphorylation substrates includes proteins involved in the
cell cycle control, apoptosis and DNA repair, including tumor
suppressor p53, cyclin-dependent kinase CDC25C, transcrip-
tion factors E2F1 and FOXML, proteins BRCAL and BRCA2
(Magni et al., 2014; Zannini et al., 2014). In addition, Chk2
participates in the processes of DNA structure modification
and cell progression through the cell cycle.

Activation of p53 is also possible under the influence of
APEX1. Another protein that participates in the regulation of
p53 activity is sirtuin 1 encoded by the SIRT1 gene (Yang et
al., 2015; Chenetal., 2021). Sirtuin 1 (SIRT1) is a deacetylase,
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Fig. 3. Coexpression of DNA repair and cell cycle control systems genes
in cervical epithelial cells.

The red lines show genes’ transcription correlation, which was absent in
the control; the blue line shows changing directly to negative correlation;
the green line - correlation was present only in the control; the black line -
correlation was present in both control and HPV infection.

the activity of which affects gene expression, cell division,
and DNA repair.

The p14ARF protein takes part in the regulation of p53 degra-
dation processes. p14ARF is one of the transcription products of
the CDKN2A gene. This gene encodes two proteins: p16'NK4a
and p14ARF which are involved in the regulation of the cell
cycle, apoptosis, and cell proliferation (Chan et al., 2021).
Protein p16 is a cyclin-dependent kinase inhibitor that is tar-
geted on CDK4 and CDK®6 and limits their interaction with
cyclin D1 (Giacinti, Giordano, 2006). Protein p14 prevents
p53 ubiquitination mediated by ubiquitin-protein ligase E3
MDM2. So, it prevents p53 degradation and ensures p21 ex-
pression. The p21 protein inhibits the cyclin/CDK complexes
formation (Bieging et al., 2014).

Thus, the coexpression of genes involved in the regulation
of the p53 protein was revealed in the cervical epithelial cells
of women uninfected by human papillomavirus.

In HPV infection, E6 and E7 virus oncoproteins can interact
with human proteins of DNA repair and cell cycle control
systems. It has been shown that the E6 and E7 proteins interact
with CHEK?2, which alters its binding efficiency to human
DNA and promotes the localization of CHEK2 in HPV DNA
replication zones (Gillespie et al., 2012; Bruyere et al., 2023).
Also, the E6 protein can bind p53 (Thomas et al., 1999). The
decrease in p53 concentration can be partially compensated
by p73 activity. p73 activates promoters of several p53-sen-
sitive genes involved in cell cycle control, DNA repair, and
apoptosis, and inhibits cell growth in a p53-like manner,
inducing apoptosis or cell cycle arrest at the G1 stage (Chel-
lappan et al., 1992; Flores et al., 2002). Our study showed
that epithelial cells infected with HPV were characterized by
coexpression of the TP53 and TP73 genes, which were absent
in control (Fig. 3).

However, the E6 protein is also able to interact with p73.
At the same time, the more viral proteins there are, the more
pronounced the decrease in p73 activity (Park et al., 2001).
We revealed a negative correlation between viral load and the
TP53 or TP73 genes transcription level (Table 2). This may
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serve as a molecular basis for increasing risk of epithelial cell
dysplasia and cancer development.

We did not detect changes in gene transcription levels dur-
ing HPV infection, including those of SIRT1. However, a few
studies have shown that the SIRT1 protein level in human cells
increases under the influence of the E7 oncoprotein (Allison
et al., 2009; Langsfeld et al., 2015). In infected cells, SIRT1
initiates the assembly of a multi-protein viral DNA replication
complex (Langsfeld et al., 2015; Das et al., 2019). In addi-
tion, SIRT1 can influence the course of the infectious process
by regulating the p53 protein level and activity. SIRT1 can
bind, and deacetylate activated p53 (Vaziri et al., 2001). We
have previously shown that the intergenic interactions of the
TP53, TP73, CDKN2A, and SIRT1 genes polymorphic loci
affect the risk of clinically significant viral load formation in
HPYV infection, which may be due to the influence on the cell
cycle control and apoptosis processes (AlBosale, Mashkina,
2022; Mashkina et al., 2023).

The literature data on the CDKN2A gene transcription
level in carcinogenesis are contradictory. Overexpression
of p16INK4a was established in all cervical intraepithelial
neoplasm and invasive cervical cancers (Klaes et al., 2001).
In several bioinformatic studies analyzing RNA sequencing
data of cervical cancer samples, it was found that CDKN2A
isakind of “nodal gene” of the tumor process, since it inter-
acts with various transcription factors, signaling molecules
and microRNAs (for example, miR-424-5p and miR-9-5p),
and moreover, its overexpression in cervical carcinoma was
noted (Zhao et al., 2018). Bioinformatic analysis showed that
a change in the CDKN2A gene transcription occurs already
at the stage of epithelial cell dysplasia (Kulaeva et al., 2024).

However, at the same time, another study of the CDKN2A
expression in cervical cancer cell lines showed that it was
reduced; moreover, the authors concluded that CDKN2A in-
hibits cell proliferation and invasion in cervical cancer through
the lactate dehydrogenase-mediated ACT-mTOR pathway
(Luan et al., 2021).

We did not detect changes in the CDKN2A transcription
level with a significant viral load. However, if in the control,
the coexpression of the TP53 and CDKN2A genes transcrip-
tion levels were revealed, then this dependence disappears
in HPV-infected cells. This fact may reflect a change in the
p53 protein degradation processes both with the participa-
tion of the E6 and E7 proteins, and in a ubiquitin-dependent
manner. At the same time, a direct relationship between the
MRNA levels of the CDKN2A and ERCC2 genes in the control
changes to an inverse relationship at a clinically significant
HPV concentration (Table 3). This, on the one hand, may be
due to an increase in the number of cells in which the ERCC2
gene is expressed in HPV infection. But, on the other hand,
it may be associated with an increase in the amount of DNA
damage, which is accompanied by the associated activity of
the repair system proteins.

Conclusion

Thus, an increased frequency of the APEX1 and ERCC2 genes
transcription at clinically significant HPV concentrations was
established. The reverse dependence of the TP53 and TP73
genes transcription level on the viral load, as well as a change
in the coexpression pattern of the studied genes in HPV infec-
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tion can lead to a change of cell cycle control and apoptosis.
These factors can create conditions for the preservation of
HPV-infected cells and contribute to an increased risk of
epithelial cells’ dysplasia.
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