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Genetic condition of human papillomavirus high carcinogenic risk

The authors consider the basic concepts of HPV-induced carcinogenesis and the molecular differences found
among types of HPV and intra-type variants, and give their clinical and functional consequences. Human pap-
illomavirus (HPV) is a diverse group of small DNA viruses, some of which have been extensively studied
over the past three decades due to their carcinogenic potential. The persistence of viral infections and the un-
controlled expression of the E6 and E7 viral oncogenes are critical events in the transformation process. It is
important to note that viral types are specific for each type of cell and usually cause various types of lesions,
benign or malignant. Recognizing the critical role that certain specific types of HPV play in the development
of cervical cancer is very important for their prevention and public health strategies for cervical cancer, which
are still the leading cause of death among cancer patients in many countries.
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The widespread prevalence of oncological diseases, their medical, social and economic significance,
make the problem of studying the mechanisms of oncogenesis, prevention, early diagnosis and treatment of
malignant tumors one of the key in modern healthcare. Genetic studies on cancer, which have occupied and
occupy one of the leading places in experimental oncology, have made a significant contribution to a more
complete understanding of the mechanisms of carcinogenesis. The genetics of cancer makes us reconsider
simple dogmas about a causal relationship in diseases.

In recent years, the sharp growth rate of neoplastic neoplasms in the organs of the reproductive sphere
of the female population has become especially important. During the first year of diagnosis, every eighth
woman dies in breast cancer (BC), every fifth woman dies in cervical cancer (CC), and every second to third
in ovarian cancer (RJ). Most of these women are between 30 and 55 years old. Studies have established that
one of the important factors in the high mortality among women from gynecological oncology is the late di-
agnosis of malignant necrosis, and most of the identified patients have a 3rd or 4th stage of tumor develop-
ment. In connection with the large reproductive losses from malignant necrosis, the problem of
oncopathology goes beyond the scope of medical tasks and is of an important medical, social and state sig-
nificance [1].

Nowadays, diseases associated with the human papillomavirus (HPV) have attracted the attention of
various specialties, including obstetrician-gynecologists and pediatricians. Today, HPV infection is one of
the most common sexually transmitted infections (STIs), which infected most of the sexually active popula-
tion of the planet. The peak of HPV infection occurs at a young age from 15 to 30 years, according to various
authors is from 17.6 to 20.8 % among women in this age group [2]. After 30 years, the frequency of HPV
infection ranges from 8.6 to 9.9 %, while the detection of dysplasia and cervical cancer increases significant-
ly [1].

One of the most important achievements in the field of cancer research is the establishment of the etio-
logical role of some types of human papillomavirus (HPV) in the development of cervical cancer (CC) [1].
Currently, more than 80 types of HPV have been characterized and it has been shown that about 40 types can
cause diseases of the anogenital tract [2]. Based on epidemiological and molecular biological studies, the
types of HPV that infect the mucous membranes of the anogenital tract are divided into low and high onco-
genic risk groups [3]. The most common types of HPV high oncogenic risk are 16 and 18 types — they are
found in 6080 % of all cases of cervical cancer [4].

About 35 types of HPV cause damage to the integumentary epithelium of the mucous membranes of the
genitals and approximately 99.7 % of all squamous cervical cancers of the cervix contain HPV DNA [1-5].
HPV is one of the main etiological agents of both genital and non-genital carcinogenesis. More than 600,000
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cases of cancer associated with human papillomavirus are detected worldwide annually, representing 12 % of
all cancer cases reported in women [1-10].

The human papillomavirus is one of the most common viruses, belongs to the genus papillomavirus
(Papillomavirus) and belongs to subgroup A of the family Papovaviridae. This group of viruses is very di-
verse, and many of its representatives do not cause any symptoms. More than a hundred types of HPV have
been identified, of which 35 are capable of infecting the human urogenital tract, causing damage to the in-
tegumentary epithelium of the skin and mucous membranes of the genital organs. HPV affects the cells of
the skin and mucous membranes — keratinocytes, which serve as the main mechanical barrier between the
external environment and the internal environment of the body, causing the proliferation of epithelial cells in
the form of warts, less often in the form of extensive formations (condyloms). HPV can be found on the skin,
oral mucosa, conjunctiva, esophagus, bronchi, and bladder. HPV is a highly contagious virus with an incuba-
tion period of 3 4 weeks to 8 months, (average 3 months) [11-15].

The role of HPV 16 in the development of cervical cancer was first described by German scientist
Harald zur Hausen, in 1983 he managed to catch the first oncogenic virus, type 16, and a year later, the se-
cond — HPV-18. In recent years more than a hundred human papillomavirus genotypes are known, but only
two of them: HPV-16 and HPV-18 — cause more than 70 % of cases of anogenital cancer in both sexes. In
2008, Zur Hausen received the Nobel Prize in Physiology or Medicine for discovering the role of papilloma-
viruses in the development of cervical cancer, which he shared with Luke Montagnier and Francoise Barre-
Sinoussi, who discovered the human immunodeficiency virus [16—18].

Some HPV genotypes have a carcinogenic effect leading to malignant transformation of cells. Human
papillomaviruses include five evolutionary groups. HPV alpha group consists of more than 60 types [11-15,
19]. Viruses of this particular group affect the cervical epithelium and are most often detected in the tumor
tissues of patients with cervical cancer. More than 90 % of all papilloma viruses characterized today are in
the Alpha and Beta groups. Papilloma viruses, which are part of the Beta, Gamma, Mu and Nu groups, para-
sitize in human skin cells.

According to the classification of viruses adopted at the 7th International Congress on Taxonomy, pap-
illomavirus forms a family — Papillomaviridae. The Papillomaviridae family includes the following genera:
Alphapapillomavirus, Betapapillomavirus, Gammapapillomavirus, Deltapapillomavirus, Epsilonpapilloma-
virus, Zetapapillomavirus, Etapapillomavirus, Thetapapillomavirus, Iotapapillomavirus, Kappapapilloma-
virus, Lambdapapillomavirus, Mupapillomavirus, Nupapillomavirus, Xipapillomavirus, Omikronpapil-
lomavirus, Pipapillomavirus.

Alphapapillomavirus (HPV-2, HPV-3, HPV-6, HPV-7, HPV-10, HPV-13, HPV-16, HPV-18, HPV—
26, HPV-28, HPV-32, HPV-33, HPV-34, HPV-40, HPV-42, HPV-45, HPV-52, HPV-53, HPV-54,
HPV-55, HPV- 57, HPV-61, HPV-66, HPV-67, HPV-68, HPV-69, HPV-71, HPV-77, HPV-81, HPV—
84, HPV—cand85, HPV—cand86, HPV—cand89, HPV—cand90, HPV—cand91, HPV-94, PCPV-1, RhPV-1)
Members of this genus most often affect the mucosa of the face and anogenital area. For some types (HPV 2,
10), skin lesions are more characteristic.

Betapapillomavirus (HPV-4, HPV-5, HPV-9, HPV-12, HPV-14D, HPV-17, HPV-20, HPV-23,
HPV- 25, HPV-38, HPV-47, HPV—48, HPV-49, HPV-50, HPV-60, HPV-65, HPV-75 HPV-88, HPV—
cand92, HPV—cand96, BPV-1, BPV-2, DPV, OvPV-1, OvPV-2). Members of this genus most often affect
the skin. An infection is characterized by a latent course and activation during the development of immuno-
deficiency. HPV types 9, 49 are associated with veruciform epidermodysplasia.

Epsilonpapillomavirus (BPV (Bovine papillomavirus)-5). Infection causes cutaneous papillomas in cat-
tle.

Zetapapillomavirus (EcPV (Equus caballus papillomavirus) 1, EcPV). Infection causes skin lesions in
horses.

Etapapillomavirus (FcPV (Fringilla coelebs papillomavirus), ChPV (Chaffinch papillomavirus)). Infec-
tion causes skin lesions in birds.

Thetapapillomavirus (PePV (Psittacus erithacus timneh papillomavirus)). Infection causes skin lesions
in birds

lotapapillomavirus (MNPV (Mastomys natalensis papillomavirus)). Infection causes skin lesions in ro-
dents.

Kappapapillomavirus (CRPV (Cottontail rabbit papillomavirus), ROPV (Rabbit oral papillomavirus)).
Infection causes damage to the skin and mucous membranes in rabbits.
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Lambdapapillomavirus (COPV (Canine oral papillomavirus), FDPV (Felis domesticus papilloma-
virus)). Infection causes damage to the skin and mucous membranes in dogs and cats.

Mupapillomavirus (HPV-1, HPV—63). Infection causes skin lesions in humans.

Nupapillomavirus (HPV—41). The infection causes malignant lesions of the skin and soft tissues in hu-
mans.

Xipapillomavirus (BPV (Bovine papillomavirus)-3, BPV—4, BPV—6). The infection causes true
papillomas of the skin and mucous membrane of cattle.

Omikron Papillomavirus (PsPV (Phocoena spinipinnis papillomavirus)). Infection causes genital warts
in cetaceans.

Pipapillomavirus (HaOPV Hamster oral papillomavirus). Infection causes mucosal lesions in hamsters.
To date, more than 300 new papillomaviruses that have not yet been included in the taxonomy have been
identified [11-15, 19].

The oncogenic potential of HPV types varies significantly. According to their ability to initiate dysplas-
tic (precancerous) changes, HPV genotypes are conditionally divided into groups of «high», «medium» and
«low» risk of tumor transformation of infected epithelium (see Table 1). So, HPV types 6 and 11 are often
the cause of genital warts, sometimes they are found in mild and moderate dysplasia, and they are extremely
rarely associated with cervical tumors. Cervical cancer is most often caused by human papillomaviruses from
the Alpha-5, -6, -7, -9 and -11 groups. HPV types 16 and 18 are found in 80-90 % of cases of cervical can-
cer [19].

Table 1
Classification of HPV types by their oncogenic activity
HPV low oncogenic risk HPV medium oncogenic risk HPV high oncogenic risk
HPV 6, 11,42,43, 44 HPV 31, 33, 35, 51, 52, 58 HPV 16,18, 39,45, 56,59 and 68

HPV type 2 is known to affect mainly the skin, causing the appearance of warts. HPV types 6 and 11
are considered to be of low oncogenic risk and are associated with the development of genital warts (multiple
outgrowths of connective tissue covered with stratified squamous epithelium) and mild cervical intraepitheli-
al neoplasia (CIN) [20, 21]. For type 11 HPV, association with condylomas of the larynx has also been prov-
en [22, 23].

The human papillomavirus has long been considered the cause of skin and genital warts. More recently,
it has been proven that viruses of this family induce benign and malignant tumors in humans. Carcinogenici-
ty was first proven for HPV types 16 and 18, as indicated in the WHO Newsletter (1996) [24].

Table 2
Diseases caused by human papilloma viruses
Type Diseases Type Diseases
of virus of virus
HPV-1 |Plantar warts HPV-11 |Laryngeal papillomas and condylomas; cervical
cancer
HPV-2 |Conventional warts on the hands HPV-12 |Warty epidermodysplasia (degenerates into malig-
nant)
HPV-3 |Flat warts; warty epidermodysplasia HPV-13 |Focal oral hyperplasia
HPV—4 |Plantar warts HPV-14 |Warty epidermodysplasia
HPV-5 |Flat warts; warty epidermodysplasia (degen- | HPV—15 |Warty epidermodysplasia
erating into malignant)
HPV-6 |Genital warts; cervical cancer HPV-16 |Cervical cancer; papularity type Bowen's disease
HPV-7 |Butcher's papillomas HPV-18 |Cervical cancer
HPV-8 [Warty epidermodysplasia (degenerating into | HPV-39 |Cervical cancer
malignant)

HPV-9 |Flat warts; warty epidermodysplasia (degen- | HPV—45 |Cervical cancer
erating into malignant)
HPV-10 |Flat warts; warty epidermodysplasia (degen- | HPV—56 |Cervical cancer
erating into malignant); cervical cancer; can-
cer of the external female genital organs
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For the human anogenital region, 14 types of HPV of a high degree of oncogenic risk are specific [25,
26]. HPV 16, 18, 31, 33, 35, 36, 39, 45, 52, 56, 58, 59, 66, penetrating into the transition zone of the cervix,
they cause CIN I, II, III degree and carcinoma. HPV of these types is found in 50-80 % of samples with CIN
I, III degree and in 90 % of invasive cancer. The number of DNA copies of human papilloma viruses in cer-
vical samples depends on the severity of the lesion and on the type of HPV.

N. Muifioz and co-author (2003) [27] summarized the results of 11 epidemiological studies conducted in
9 countries of the world and proposed the following epidemiological classification of HPV types associated
with diseases of the genital tract. Types 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81 and CP6108 were classified
as low risk types of cervical cancer, types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56,58, 59, 66, 68, 73 and
82 — high risk type. HPV types 16 and 18 prevalence in cervical cancer prevails over other types of papil-
lomaviruses: HPV type 16 is detected in 50-70 % of cases, type 18 in 10-20 %. Types 16, 18, 31, 33, 35, 45,
52, and 58 are responsible for 95 % of all cases of squamous cell carcinomas, other types of high-risk HPV
are found much less frequently [28].

Papillomaviruses have relatively small virions lacking a membrane membrane. According to various
literature sources [2, 3, 5, 13], their diameter is about 30—55 nm. The virus remains at a temperature of 50 °C
for 30 minutes, is resistant to ethers and alcohols. The virion contains two layers of structural proteins, de-
noted by the letter E. The internal proteins connected to the DNA are cellular histones, and the capsid pro-
teins are type-specific antigens. HPV reproduction occurs in the nuclei of cells where viral DNA is present as
an episoma. This is the first feature that distinguishes HPV from other oncogenic DNA-containing viruses
(hepatitis B virus — the family of padnaviruses and Epstein-Barr virus — the family of herpes viruses),
which can integrate their genome into the DNA of the transformed cell. The second feature is that the state of
the host cell regulates the expression of the viral genome. However, the viral gene responsible for cell DNA
replication can also be transcribed, resulting in the host cell sharing again and again with HPV, which leads
to a productive type of inflammation. HPV infects epithelial cells, causing the appearance of skin warts and
papillomas of the mucous membrane of the genitourinary, respiratory tract and digestive tract [29].

HPYV capsid consists of 72 pentamer capsomeres. The capsid of papillomaviruses has a spherical shape,
but in reality it is an icosahedron with a triangulation number equal to seven. The spherical structure is
formed not from a combination of hexamers and pentamers (as, for example, in a soccer ball), but from two
types of pentamers. 60 pentamers of the HPV capsid form 6 bonds with neighboring pentamers, and 12 of
them — five each [19, 29]. The structure of the human papillomavirus is shown in Figure 1.
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Figure 1. The structure of the human papillomavirus

The HPV genome is a cyclically closed double-stranded DNA with a molecular weight of 3—-5 mD and a
size of 8,000 pairs of nucleotides. The DNA of the HPV genome, which is packed with histones — cellular
proteins involved in the compaction of DNA in the nucleus. Functionally, the HPV genome is divided into
three active regions: Long control region (LCR), early (E), late (L) and encodes two types of proteins. During
the replication cycle, the virus genome expresses from 8 to 10 protein products. Early proteins (early proteins,
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E-proteins) carry out regulatory functions, ensure the reproduction of the virus and, in some cases, are respon-
sible for malignant degeneration of cells. Late proteins (L-proteins) perform a structural function, forming a
capsid of virions. The long control section (LCR) of human papillomavirus type 16 (HPV-16) has a size of 850
bp (about 12 % of the viral genome) and regulates the transcription and replication of viral DNA. The 5'-
segment of LCR contains transcription termination signals and the attachment region of the nuclear matrix, the
central segment contains an enhancer specific for epithelial cells, and the 3'-segment contains a replication
source and an E6 promoter. The LCR region is involved in the regulation of transcription of viral genes [19, 29,
30]. Region E includes early genes (E6, E7, E1, E2, E4, ES) encoding early proteins. Late genes (LI, L2) en-
code structural proteins of the virion. A map of the HPV 16 genome is shown in Figure 2.

long control region (LCR)

TATA Signal 1,2

Poly A Signal 2
N\ E6 N

E7

L1
HPV-16

7904 bp

L2

Poly A Signal 1
Figure 2. HPV genome map 16

Interestingly, the structure of L1 resembles the structure of cellular proteins of nucleoplasmins that reg-
ulate the packaging of nucleosomes [19, 29, 30]. At the moment, there is no exact understanding of whether
L1 and nucleoplasmins have a common ancestor, or their similarity is the result of convergent evolution.
How exactly is the DNA laid inside the virus particle, is also not fully described. It is known that any DNA
shorter than 8 thousand nucleotide pairs can be packaged into virus-like particles of HPV, which opens up
prospects for using HPV as transformation vectors. Interestingly, cyclophilin, a cellular protein also contrib-
uting to the unpacking of the HIV capsid, is involved in the unpacking of the papillomavirus capsid.

Only 18 strains lead to malignant neoplasms (this applies to cervical cancer and the anogenital zone).
Human papillomavirus (HPV) is transmitted mainly through sexual contact and mucosal contact. It is be-
lieved that low-risk HPVs produce more virions, spread better, although they are eliminated from the body in
one to two years, or even faster [13]. Compared to them, high-risk strains infect fewer people, but the im-
mune system is more difficult to cope with. The most carcinogenic are HPV 16 and HPV 18 strains, and
HPV 6 and HPV 11 strains are responsible for the occurrence of warts in the anogenital zone in 90 % of cas-
es. It is these papillomavirus representatives that attract the most attention of researchers [25, 29, 30].

The life cycle of papilloma viruses is tied to the stages of keratinocyte development. Actively dividing
young keratinocytes line the basement membrane located under the upper layers of the epidermis, and as
they mature and differentiate, the keratinocytes are displaced to the skin surface. Viral particles infect cells
that have not yet differentiated, and new particles are formed in keratinocytes that have reached the terminal
stage of differentiation. Cervical carcinomas are the most common type of tumor originating from keratino-
cytes. The key event in the malignant transformation of epithelial cells is the integration of viral DNA into
the DNA of the host cell. The integration process is accompanied by the destruction of the open reading
frames of the E1 and E2 virus genes, whose products are involved in the regulation of the expression of on-
cogenic proteins of the E6 and E7 virus. It is believed that the integration of viral DNA into the host DNA
results in a significant increase in the expression of E6 and E7 proteins, which disable two key proteins (p53
and pRb) that regulate the cell cycle [30, 31].

Early papillomavirus proteins provide the desired content of virus DNA in the cell nucleus and coordi-
nate the expression of its genes. Three early genes (E1, E2, E4) control the functions necessary for the repro-
duction of the virus, and E2 has the functions of a regulator of transcription of viral DNA, which begins in
the regulatory region of LCR. Proteins E1 and E2 form a complex with the DNA of the virus, attracting cel-
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lular replication systems. Genes E5, E6, E7 possess activity that stimulates the proliferation and transfor-
mation of cells [30, 32]. The early proteins E6 and E7 are responsible for the carcinogenic effect in HPV
strains of high carcinogenic risk; they are always detected in the tumor cells of infected HPV, while other
fragments of the viral genome may be lost during its long-term persistence. At the same time, the HPV E6
protein is able to bind to the tumor suppressor with the p53 protein followed by its ubiquitination and degra-
dation, and the E7 protein binds and affects the work of a number of pRb, p107, p130 and p21"' proteins,
which are regulatory proteins and tumor suppressors. Protein E6 also activates telomerase, which allows in-
fected cells to avoid aging. Interactions of E6 / p53 and E7 / pRb lead to a malfunction of the cell cycle with
loss of control over DNA repair and replication, leading to uncontrolled cell division. Thus, polymorphism
of the gene encoding p53 is a genetic predisposition for the active development of HPV with cell malignancy
[30-34].

Later HPV proteins are needed for capsid formation and packaging of the virus DNA. The main struc-
tural component of the papillomavirus capsid is the L1 protein, which forms pentamers. The minor protein
L2 is also a structural component of the viral particle. One L2 falls on one pentamer L1. Apparently, this
protein is important for attracting viral DNA to collecting particles. There is a hypothesis that L1 and L2 can
interact not directly with the nucleic acid of the virus, but with the histones that compact it [19, 29-34].

In the line of immortal HeLa cells originating from cervical tumor tissue, p53 and pRb signaling path-
ways are repressed by oncoproteins. When the expression of E6 and E7 proteins is lost by the HPV virus, the
p53 and pRb signaling pathways can be reactivated. Being in the cell in an episomal state, HPV for a long
time may not show its suppressive effect. During neoplastic transformation, viral DNA is integrated into the
genome of the epithelial cell, which is accompanied by a violation of the open reading frame of the E2 viral
gene. The function of the E2 gene is to repress the regulatory region of the viral promoter (UTR), which con-
trols the transcription of the E6 and E7 genes, so that the loss of E2 gene activity is accompanied by the initi-
ation of expression of the E6 and E7 genes. The expression of these genes can be inhibited in Notchl protein-
infected keratinocytes. In such cells, the expression of the activated form of Notchl-Nicd causes suppression
of proliferation, which may result from inhibition of the expression of proteins E6 and E7. Activation of
transcription of the E6 and E7 proteins is accompanied by the interaction of their products with negative reg-
ulators of cell proliferation — proteins p53 and pRb, functional inactivation of these proteins and activation
of cell proliferation (see Fig. 3).

a URR (upstream regulatory region)
E2
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Protein E2 - °
Transcription ofgnncséiiﬁ and E7 .
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a — in an episomal state, the virus does not show its suppressive effect; b — expression of the E6 and E7 genes of the
virus in infected keratinocytes can be inhibited by the active form of the Notchl-Nied protein; c — activation of tran-
scription of proteins E6 and E7 is accompanied by functional inactivation of p53 and pRb and cell transformation

Figure 3. The role of Notch signals in the occurrence of cervical cancer induced by the human papillomavirus [29]
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Despite the fact that the phenomenon of integration of viral DNA into the host genome is being actively
studied, the available data do not allow us to unambiguously assess its clinical significance. As a rule, in the
carly stages of the tumor process, viral DNA is detected in episomic form, while in the later stages, in inte-
grated form [6, 33]. Recently, a highly sensitive method for determining the physical status of HPV type 16
using real-time PCR has been proposed, with which an integrated form of the virus was detected at the very
carly stages of the disease, when there was no cytological evidence of neoplastic changes [35].

Cervical cancer of the uterus is preceded by cervical intraepithelial neoplasia, which according to the
severity is usually divided into mild, moderate and severe dysplasia. In most cases of mild to moderate dys-
plasia, spontaneous regression occurs, and only in 10-20 % of cases the disease progresses to cervical can-
cer. Establishing the central role of oncogenic types of HPV in the etiology of cervical cancer has led to the
emergence of new strategies for the prevention of this disease. These include the development of vaccines
against oncogenic types of the virus and the inclusion of an HPV test in cervical cancer screening. Numerous
studies have shown that the HPV test has a much higher sensitivity for detecting cervical intraepithelial
neoplasia than a traditional cytological study. However, the HPV test has rather low specificity and prognos-
tic significance of positive results, since in most women, especially young women, human papillomavirus
infection (PVI) is transient in nature.

According to experts, by far the most reliable prognostic indicator of disease progression is the identifi-
cation of persistent PVI in women. It has been shown that the risk of persistence and subsequent progression
is higher in cases of PVI with a higher viral load of HPV. However, the use in clinical practice of high viral
load as a factor in neoplastic progression currently remains problematic for several reasons. Firstly, the de-
pendence of the degree of dysplasia on the viral load has been adequately described only for type 16 HPV,
and secondly, due to the lack of a standardized methodology for determining the amount of viral DNA, a
threshold value cannot be set above which it can be considered clinically significant.

Many authors evaluate the definition of viral load and the integrated form of HPV viral DNA as molec-
ular markers of the transforming activity of HPV, however, the possibility of their use in clinical practice
remains to be assessed.

HPV DNA can be found in tumor cells in two forms — episomal and integrated. The biological signifi-
cance of the integration of viral DNA with the host genome is still unclear. The integration process is ac-
companied by a partial loss of the genetic material of the virus, while the viral genome loses its ability to ful-
ly replicate, and there is no production of viral particles in cells containing the integrated cellular genome.
However, integration may be a key event in cervical carcinogenesis, as it is very often associated with neo-
plastic progression. The most important integration result is considered to be an increase in the stability of
E6 and E7 transcripts and violation of the intactness of the E2 gene that regulates their transcription [36-38].
For HPV types 16 and 18, it was shown that when integrating viral DNA into the host DNA, ORFs of El and
E2 genes are usually destroyed, while ORFs E6 and E7, as well as LCR, remain intact [39]. Mapping dele-
tions and destruction of ORF genes of El and E2 in a large series of carcinoma tissues positive for type 16
HPYV revealed multiple sites of deletions, but ORF E2 deletions corresponding to the so-called hinge region
of the protein are most common [40, 41].

The disappearance of the suppressor function of the E2 protein causes an increase in the expression of
E6 and E7, the transforming effect of which contributes to the progression of neoplasia [42]. It is assumed
that the El gene is involved in the suppression of the viral promoter: an El gene mutation results in activation
of the transcription of the viral genome and an increase in the transforming activity of viral oncogenes [41].

It is believed that integration is an activation mechanism of progression from severe dysplasia to cancer;
it is initially polyclonal in nature [43]. Most often, certain sections of chromosomes 5, 6, 10, 11, and 17 are
involved in carcinogenesis of the cervix uteri. The site of the predominant integration of viral DNA has not
been determined, it is often located near cellular oncogenes [44]. Apparently, a secondary role in the regula-
tion of the functions of viral oncogenes and the progression of the disease belongs to secondary genetic
changes. The functioning of viral oncoproteins causes destabilization of the chromosomes, which may be the
cause of activation of oncogenes or inactivation of suppressor genes. A study of the role of oncogenes in the
pathogenesis of cervical cancer did not reveal any fundamental changes in the expression of most of them,
with the exception of c-myc, c-fos and epidermal growth factor, and the expression of epidermal growth fac-
tor in the early stages indicates a poor prognosis [45].

The analysis of specific chromosomal abnormalities to identify areas of localization of potential sup-
pressor genes inactivated during tumor progression was carried out by cytogenetic methods (FISH) or by
analyzing the loss of heterozygosity (LOH). Alleleotyping of DNA revealed a high percentage of allelic
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losses on chromosomes 3, 4, 5, 6, 11, and 18. It is interesting that the loci in which the TP53 (17p) and RB
(13p) suppressor genes are located do not have a high deletion frequency. On chromosome 3, there are mul-
tiple allelic losses at the loci Zp14.2, 3p21.3, Zp24 and Zp25-26, and on Zp14.2 the FHIT gene is located,
which is also deleted in tumors of the kidneys, lungs, and mammary gland, but it is not a true suppressor
[46]. Of particular interest is the analysis of chromosome 6p, on which the genes of the main histocompati-
bility complex are located: a loss of heterozygosity in the zone of location of the HLA class I and TNF genes
(6p22-21.3) was found in 50 % of tumors. However, a comprehensive study of the genotype and phenotype
of the HLAI class showed that up to 90 % of tumors have certain structural changes and expression disor-
ders. These disorders seem to play a crucial role in the ability of tumor cells to escape the immune response
[46—49].

Frequent allelic deletions have also been found at locus 6q 16-21, where the suppressor gene and the
aging inducing gene are believed to be located. The importance of certain genetic disorders can be assessed
by correlation with the clinical stages of the disease. Disorders at the loci Zp14.2 and 6p21.3 appear at the
stage of dysplasia, while the loss of heterozygosity at loci 6ql6—21 and 1Ts22-23 correlates with the appear-
ance of metastases. Thus, there is reason to believe that potential suppressor genes are located at these loci,
which are to be identified [49]. Attempts are being made to identify specific genetic abnormalities in the epi-
thelial cells of the cervical canal of the cervix uteri in carriers of BOT until signs of morphological atypia
appear, which may be of practical importance in the early stages of the disease, especially in disputed cases.

The use of modern diagnostic algorithms and the widespread use of molecular biological methods have
revealed dozens of types of human papillomaviruses that differ in their epidemiological role. Currently, more
than 80 types of HPV have been identified that are specific for tropism to various tissues. Recognizing the
crucial role that some specific types of HPV play in the development of cervical cancer is very important for
their prevention and public health strategies for cervical cancer, which are still the leading cause of death
among cancer patients in many countries.
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K.A. XXymamesa, I'.II. [Torocsn, b.K. XKXymames, M. Jlanunenko

Korapbl kKaHUeporeHi KayinTi azaMm nanu/1a10Ma BUPYCbhIHbIH
FeHEeTHKAJIBIK IAPTThLIbIFbI

ABTOpMap amgam mnamwuioMa BHPYCHIHBIH (AIIB) wHIyKnusianraH KaHIEPOTEHE3[IH HeTi3rl KOHIEIIs-
mapeiH koHe AIIB imki THOTI HycKamap apachblHAa Ke3[JEeCeTiH MOJIEKYJIalblK aWblpMalIbUIBIKTap bl
KapacTBIPFaH, OJIApABIH KIMHHUKAIBIK XoHE (DYHKIMOHAIIBIK cangapbl OepiireH. AIaMHBIH IalunioMa
Bupychl (AIIB) — 6yn kimkentait JTHK Bupycrapasiy op Typ:i ToOBI, 0JapablH Keibipeyaepi COHFbI OTbHI3
KB IIIIHAE KaHLEPOTeHAIK NMOTeHIMANbIHA GallJIaHBICTHI KEHIHEH 3epTTeNreH. BupycTbl HHEKIHsIapIbIH
Te3imainiri xxone E6 xone E7 BupycThl OHKOTeHIEpHiH OakbLIaHOANTBIH JKCIpecCHsChl TpaHchopmarms
HPOLECIHAET] CHIHM OKHMFaylap OOJIBIN TaObLIaAbl. BUPYCTBIK THNTEp jKacyllalapiblH OpPTYPIHE TOH JKOHE
oZieTTe OpTYpIi Karepci3 HeMece KaTepili iCIKTep/l TYABIPAaTHIH 3aKbIMJAHyJIapIbl aTall ©TKEHIMi3 JKeH.
Xarelp MOHHBI KaTepii iciriHiH namysiHnars! AIIB-HBIH KelOip HAKTBI TYPJIEPIiHIH MaHBI3IBI POJiH
MOMUBIH/IAY OJApIbIH alJbIH-aly XOHE KONTEeTeH eNjeplie OHKOJIOTHSIIBIK aypyJlapMeH aybIpaThH amamjiap
apachIH/ia eJiMHIH 6acTsl ceOedi 00BN TaOBUIATHIH KATHIP MOMHBI iCIriMEH KYpecy YIIiH JeHCAYIBIK CaKTay
CTpaTerusjiapbl ©T¢ MaHbI3bI OOJIbIIN TaObLIAbL.

Kinm ce3dep: Apam manmiiomMa BHPYCBHI, XKaTbIp MOMHBIHBIH iCiri, KEPaTHHOLMTTEP, OHKOrEHE3, Karepii
TpaHchopmanusi, BUpHOH, Karcud, E6 »xone E7 BupycThlK onkorenzep, pS3 xoHe pRb perymsiTopibik
JKacymanslk akyb3gap, L1 sxone L2 MuHOpPIBIK OeloKTap, agaM MamuuioMa BHPYCHIH Y3aK OakbLIayIIbl
aynan (LCR HPV), HeLa enmeiiTiH xacymanap THHHACHL.

K.A. Xymamesa, I'.I1. [Torocsn, b.K. XKymames, M. Jlanunenko

I'eneTH4yeckasi 00yCJI0BJIEHHOCTh BUPYCa NANNJJIOMbI YeJ10BeKa
BbICOKOT0 KAHII€POT€HHOT0 PUCKA

ABTOpaMu paccMOTPEHBI OCHOBHBIE KOHIIEMIIUU WHIYIIMPOBAHHOTO KaHLEPOTeHe3a BUpYyca MalHUIIOMBI Ye-
noBeka (BIIY) u monexynsapHsle pa3nuyus, oOHapyxeHHble cpenu ThoB BIIY n BHYTpUTHIIHBIX BapHAHTOB,
HPHUBECHbI MX KIMHUYECKHE H (YHKLIHOHAIbHBIE MOCIEACTBUA. BUpyc NanmuioMbl YenoBeKa MpeCcTaBisieT
co0oii pazHooOpasHyo rpymmny Hebonbmnx JJHK-BupycoB, HEKOTOpbIE N3 KOTOPHIX LIMPOKO U3YYaIUCh B Te-
YCHUE NOCIEIHUX TPeX NECATUIICTHH B CBS3U C UX KAHLEPOICHHBIM IOTEHIMAIOM. CTOHKOCTh BUPYCHBIX
nH}pEKMi 1 HEKOHTPOJIHMpyeMast IKCIPECCUs] BUPYCHBIX OHKOTeHOB E6 1 E7 SABISIOTCS KPUTHIECKHIMH CO-
OBITHSIMH B TIpoliecce TpaHc(hopManuy. BaxkHO OTMETHTH, YTO BHUPYCHBIC THUITBI CIEU(UIHBI IS KaX0TO
THUIA KJIETOK U OOBIYHO BBI3BIBAIOT PA3IMYHBIC BUJBI IIOPAYKCHUH: TOOPOKAYECTBEHHBIC MM 3JI0KaYECTBEH-
Hele. [Ipu3Hanue BakHEHIIEH PO, KOTOPYIO UIPAIOT HEKOTOpble KOHKpeTHbIe Tulbl BITY B pa3Butun paka
IIEHKH MATKH, OYeHb BAXHO VI MX NPO(UIAKTHKY M PEIU3alUy CTpaTerHii 0OLIECTBEHHOTO 3paBoOXpa-
HeHus 1o 0opr0e ¢ pakoM IIEHKH MaTKH.

Kniouesvie cnoga: BUpyC ManmiIoOMbl 4elI0OBEKa, PAK IIEHKNM MAaTKH, KEPATHHOLUTHI, OHKOTEHE3, 3JI0KauecT-
BEHHas TpaHC(OpPMaLUs, BUPHUOH, KallCH], BUPYCHBIE oHKOreHsl E6 u E7, perynsropHsle KieTouHble Oenku
p53 u pRb, munopasle 6enku L1 u L2, mimHHEBI KOHTPOIBHEIH ydacToK BUpyca nammioMs! yenoseka (LCR
HPV), nuaus 6eccmepTHbIX Kietok Hela.
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