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Abstract

Cervical cancer that is caused by the human papillomavirus (HPV) is becoming more common. It is
crucial to determine a tumor's HPV status accurately since HPV+ versus HPV- cancers represent two
distinct biological and clinical entities with various therapeutic approaches. Oncoproteins E6 and E7,
which interfere with cellular senescence and ultimately promote carcinogenesis, are encoded by high-
risk HPV subtypes. Utilizing this well-established carcinogenic pathway, current HPV detection
techniques identify HPV at various biological stages. A summary of the review on HPV replication,
pathogenesis, epidemiology, and detection technologies, as well as their current or prospective future
roles in management and prognostication, is provided in this review article.
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Introduction

The biggest burden of cervical cancer is seen in poorer nations, such as India, where cytology-based
screening systems face significant challenges. Since Pap-based algorithms call for many visits, high-
quality cytology necessitates skilled workers and sophisticated equipment. Infection with a high-risk
human papillomavirus (HPV), typically HPV type 16 (HPV16) or HPV18, is the primary cause of cervical
cancer, and gene transfer experiments have identified the E6 and E7 genes as the main viral oncogenes.
In order to address the constraints associated with cytologic cervical screening, molecular methods for
viral detection were developed (1) using the evidence that HPV is the primary and essential cause of
cervical cancer. Women at risk for cervical neoplasia can be identified with HPV DNA testing without
the inherent subjectivity of cervical cytologic evaluation. Therefore, primary screening with HPV testing
has been advised (2). HPV can appear in cervical cells in episomal, integrated, or both of these forms
(figure 1). The regulatory E2 protein's ability to limit the expression of oncogenes through negative
feedback can be lost as a result of viral integration in the human genome, which frequently occurs in
the viral E1 or E2 area. According to several research, triage and screening methods based on HPV could
be supported by the identification of integrated viral forms (3).

The key determinants of infection in women are the number of sexual partners, the age at which sexual
activity was first initiated, and the likelihood that at least 1 of those partners was an HPV carrier as
determined by his sexual behavior patterns, according to epidemiological studies looking into risk
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factors for infection (4). Early epidemiological studies used questionnaires to examine the sexual
behavior of the husbands or sexual partners of women with and without cervical cancer to learn more
about the role of men in women's HPV infection. Additionally, more recent research had been able to
identify the presence of HPV DNA in exfoliated cells from the distal urethra, coronal sulcus, and penile
shaft (5).

The majority of research to date has concentrated on how well the self-test can identify the presence or
absence of HPV. Few studies have taken into account indicators of the test's acceptability or evaluated
how the women who take it feel about self-testing. Women have been shown to not only have
legitimately unpleasant screening test or result-receiving experiences, but there is also a widespread
lack of knowledge about the connection between cervical cancer and HPV. Women have not been
specifically questioned in these studies if they think the test is acceptable. This is due to the fact that
there has never been a comparable alternative before. Women were asked to conduct a self-test as well
as have a medical expert conduct the test in the study that is being discussed here, and the acceptability
of the two approaches was compared. The women's expressed intent to use the self-test again in the
future is a sign that it is acceptable (6).

A single HPV genotype can be amplified using type-specific primers for HPV detection by PCR, or a
wide range of HPV genotypes can be amplified using consensus/general PCR primer pairs. A region
that is conserved across several HPV genotypes, such as the L1 capsid gene, is identified by general
primers. There aren't many commercially available HPV detection systems in the United States. The
first-generation Hybrid Capture Tube test is the only HPV DNA test authorized by the U.S. Food and
Drug Administration and has been used as an HPV detection test (1). Recently, a second-generation
assay with improved kit efficiency and analytical sensitivity was created. The U.S. Food and Drug
Administration is now considering this new test, known as the Hybrid Capture II test (HC II). The
foundation of the hybrid capture method is the creation of RNA-DNA hybrids between complementary
unlabeled HPV RNA probes and HPV DNA that may be present in clinical specimens. Antihybrid
antibodies bind to and immobilize the RNADNA hybrids (2). A monoclonal antibody reagent that is
attached to alkaline phosphatase is used to react with immobilized hybrids, and the complexes are then
identified using a chemiluminescent substrate reaction (3-4).

Earty stage 1B corvical cancer Lote stage 18- cervical cancer is Stage BB corvicel cancer
T Hmed 16 cervix

Fig .1. Different stages of cervical cancer progression (1)
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Traditional cell cultures cannot grow HPV, and serological assays offer only a limited degree of accuracy
(7). Serology is not suitable for differentiating between current and previous infections since HPV
infection is followed by a humoral immune response against the primary capsid protein with antibodies
being detectable for many years. Consequently, the identification of viral nucleic acid is necessary for a
precise diagnosis of HPV infection. Recent research has revealed an unexpectedly high incidence of
HPV-DNA and different HPV genotypes in the same patient. The effectiveness of extensive community-
based HPV screening studies also depends on the precision and prognostic significance of the
diagnostic assays employed. Although reliable quantitative viral load measurements in clinical samples
are currently technically challenging, correct HPV genotyping is necessary for the classification of
patients into low-risk or high-risk groups. HPV viral load may also be a useful predictor of illness. The
following objectives were developed to identify and characterize the HPV in cervical histology sample
data based on the background information mentioned above (8).

Human Papillomavirus

The differentiation of the host cells directly affects how HPVs proliferate because they are only
epitheliotropic. Normal squamous epithelial cells mature as stratified epithelium in the basal layers and
divide as stem cells of transient amplifying cells. After dividing, one of the daughter cells migrates
upward and begins to undergo terminal differentiation, whereas the other one remains in the basal
layer and keeps cycling slowly and self-renewing. The productive papillomavirus infection starts when
infectious virions, most commonly through micro-wounds, infiltrate cells of the basal layer. The viral
genome is retained in these infected cells as a stable episome at a low copy number, acting as a reservoir
for the development of a productive wart (6-8).

Replication of HPV:

The early HPV genes E1 and E2 facilitate viral DNA segregation and replication, allowing infected cells
to remain in the lesion for an extended length of time. High-level amplification of the viral genome
occurs as infected daughter cells move toward the epithelial surface and release viral late gene products
to start the HPV life cycle's vegetative phase. Viral DNA is packed into capsids and discharged as
progeny virions to re-establish infection in the epithelium's outer layers. The additional early genes E6
and E7 are necessary to coordinate the host cell environment so that it is favorable for viral DNA
replication because, with the exception of the viral helicase E1, viral DNA replication is virtually entirely
dependent on host replication factors. E6 and E7 cause an unscheduled re-entry into the cell cycle's S-
phase in these suprabasal post-mitotic cells, activating the host replication machinery required for viral
genome amplification before virion formation (9).

It is only partially understood how these proteins operate normally during the virus life cycle and how
they behave. By interacting with and degrading members of the Rb family, the E7 protein propels cells
into the S-phase10. This includes pRb itself and the p130 protein, which is important in the control of
terminal differentiation for the high-risk HPV strains (10-12). Therefore, regardless of the presence of
exogenous growth factors, E7 interferes with the interaction between pRb and the E2F family of
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transcription factors. A significant number of cellular proteins necessary for DNA replication, including
DNA polymerase and thymidine kinase, are then transactivated by E2F. The Bethesda system's
cytopathologic classification of cervical smears continues to serve as the foundation for the present
screening, which includes colposcopy and histological sampling. The Papanicolaou test primarily
protects women in wealthy nations. However, there have been reports of false-negative rates of 5 to
50%, indicating that this test is not flawless (13). Thus, considerable technical advancements over the
past few years have increased the likelihood of enhancing traditional cytology. Liquid-based cytology
in particular has enhanced background, fixation, staining, and sampling, ensuring a more
representative sample with a marked increase in sensitivity (14).

Pathogenesis of HPV:

Cervical intraepithelial neoplasia (CIN) is a sign of HPV infection, and cervical cancer is thought to
develop from these lesions after a protracted period of persistent infection (14). In contrast to CIN III
(severe dysplasia, carcinoma in situ) and invasive cancer lesions, which frequently exhibit high levels
of E6 and E7 expression, viral DNA is typically integrated into host cell genomes in CIN I (mild
dysplasia) and CIN II (moderate dysplasia) lesions, where viral genomes replicate episomally. The
transition from pre-neoplastic lesions to invasive carcinoma is thought to be accompanied by
integration of high-risk HPV genomes, which is thought to represent a major event in the etiology of
cervical cancer (15). On the other hand, The frequency of integration, clearly distinguishes between
various HPV strains. Compared to HPV types 31 and 33, HPV 16, 18, and 45 are identified in the
integrated state much more frequently. Additionally, compared to precancers caused by HPV types 31
and 33, precancers caused by HPV types 18, 16, and 45 proceed to invasive cervical cancer in a
significantly shorter amount of time. Integration, however, is an abnormal phase of the HPV life cycle
marked by significant deletions in the viral DNA and unchecked production of the E6 and E7
oncoproteins (16). As a result, it is a byproduct of viral infection that can provide a selective advantage
to the host cell while providing no obvious benefit to the virus (17).

High Risk of HPV:

Infection with the human papilloma virus (HPV), whose DNA has been detected in nearly all cases of
invasive cervical cancer, is the leading risk factor for the development of cervical cancer (17). Cervical
cancer has an infectious origin since HPV is a sexually transmitted illness. At some point in their lives,
at least 50% of sexually active men and women contract HPV. However, 3-10% of women with HPV
infection develop chronic infections and are at a high risk of getting cervical cancer. The majority of
women with HPV infection will not develop cancer, and the infection typically disappears
spontaneously (18). While HPV 16 tends to predominate in squamous cell carcinoma, HPV 18 appears
to play an equally significant role in adenocarcinoma (19). It has received a lot of attention how high-
risk E6 proteins interact with PDZ domain-containing proteins such DLG, Scribble, MAGI1-3, and
MUPP-1. E6 can specifically target and degrade PDZ-domain proteins (20). Cervical tumors and their
precursor lesions have changed DLG levels and intracellular localization (21-22). E6's ability to
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transform in several tissue culture-based experiments and to cause tumors in mice is compromised
when its C-terminal domain mediates its connection with PDZ-domain proteins (23), but not its ability
to become immortal (25).

The Prevalence of HPV:

According to estimates, 11.4 percent of all females worldwide have HPV infection. However, prevalence
varies significantly between nations, from 2% in South Vietnam to 43% in Zimbabwe (25). 7.9 percent
of people in India have HPV infection, which is less than the global average. Despite this, South Asia
has the greatest proportion of invasive cervical cancer cases that can be directly linked to HPV infection
(26). The odds ratios (OR) linking HPV infection with cervical cancer are among the highest seen in any
disease, and the incidence of HPV DNA is much higher in people with invasive carcinoma than in those
with normal cytology (27-30).

The likelihood of contracting HPV depends on a person's level of sexual activity. Early initiation of
sexual activity, several partners, unprotected sex, and sex with uncircumcised men have all been linked
to an increased risk of HPV infection (24). For instance, compared to women with a single lifetime
partner, those who have more than three sexual partners had a 94% higher risk of developing cervical
cancer (30). Smoking, using oral contraceptives, having a large number of children, and having other
sexually transmitted illnesses like HIV, Herpes, Chlamydia, gonorrhea, and syphilis are some of these
(31). For instance, compared to women without children, those with high parity (three or more births)
have a 51 percent higher risk of developing cervical cancer. economic evaluation Although there are
interventions and preventive measures available, it is uncertain if they are financially viable in a
developing nation like India (26).

In order to execute the most suitable and practical intervention options, further research is needed to
evaluate the cost-effectiveness of different interventions. In particular, research is required to create
effective and affordable HPV diagnostics and better cryotherapy equipment (27) At least six
nonstructural proteins, E1, E2, E4, E5, E6, and E7, are encoded by human papilloma viruses. E4 is
required for the HPV life cycle's productive phase, however because it is expressed at such high levels
in infected cells, its suitability as a therapeutic target may be in doubt. E5 needs more research before
it can be considered as a target for therapeutic intervention because its function is still mostly unclear.
In contrast, both mucosal and cutaneous HPV infections are effective therapeutic targets for the E1 and
E2 proteins. Therapeutics with the potential to interfere with the E1-E2 interface, their binding to DNA,
or the E1 helicase ATPase function would likely be very efficient viral life cycle inhibitors with low levels
of toxicity (32).

These proteins, however, would not be appropriate therapy targets for HPV-induced malignancies
because they are frequently lost during the course of the disease. The E6 and E7 proteins, on the other
hand, are constitutively expressed in cervical malignancies and cellular lines descended from them (26—
29), are crucial for maintaining the altered phenotype (57-59), and are required for the typical viral life
cycle (60—63). They both also work enzymatically by attracting components of the ubiquitin
proteasome pathways to some of their respective biological target proteins, and they are both present
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in modest levels. Due to all of these factors, these two proteins are the preferred targets for the therapy
of HPV infection and HPV-induced cancer (33).

Diagnosis

The E6 and E7 genes of HPV subtypes include sequence variants that serve as the foundation for type-
specific PCR tests. Approximately 100 bp in the E7 ORF are the target of 14 type-specific PCRs for high-
risk HPV types (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, and -68). In order to
find inhibitory compounds, internal control primers are provided. Depending on the HPV type, these
assays have an analytical sensitivity of 10 to 200 HPV copies per sample. Since the need for numerous
PCR amplifications for each sample limits throughput, type-specific PCRs are now mostly used in
research applications. But longitudinal studies of virgin women who started having sex during the
research period give the most convincing evidence that genital forms of HPV are mostly spread through
sex. In a population-based cohort research in Denmark, all the women who maintained their virginity
during the study period tested negative for both serum HPV-16 antibodies and HPV DNA at enrollment
and at every subsequent visit. The study included 105 monogamous women and 100 virgins (34). Only
a small percentage of people who started having sex during the research period had positive tests for
HPV DNA or serum HPV-16 antibodies (35).

Since HPV DNA has been found in 99.7% of examined cervical cancer cases and has been demonstrated
to have greater sensitivity (84-100%) than the conventional Pap test, molecular detection of HPV DNA
or RNA is presently the gold standard for identifying HPV viruses (36). The most widely used HPV tests
nowadays are based on direct hybridization or DNA-based amplification methods, and there are a
number of molecular assays available for detecting HPV viruses (37). These tests, however, need
multiple operations and high-precision devices. Additionally, the typical PCR amplification process and
product analysis can be laborious and time-consuming. Therefore, it's critical to create a quick, cheap,
and simple method for HPV early detection. A new technique called loop-mediated isothermal
amplification (LAMP) has recently been developed to amplify nucleic acids in an isothermal
environment. Utilizing readily available laboratory equipment, such as a water bath or heating block,
the reaction can be accomplished in less than an hour. The enzyme Bst polymerase, which possesses
strand displacement activity, and a four-primer set that was created particularly to recognize six unique
locations on the target gene are used in this approach to achieve high specificity, efficiency, and speed
(38). In addition, loop primers have subsequently been added to the LAMP reaction to improve it. They
cut the reaction time in half from the original LAMP approach and may improve the assay's sensitivity
and specificity (40).

Due to the buildup of a white precipitate of magnesium pyrophosphate in the reaction tube, which takes
less time to perform than other tests, the presence of the target sequence may be seen clearly with the
naked eye (31). Therefore, using nested PCR as the gold standard, the loop-mediated isothermal
amplification method for the detection of HPV types 16, 18, 45, and 58 will be developed and assessed
to determine the best conditions for known clinical specimens. Broadly speaking, mucosotropic HPV
types can be detected using general primer PCR techniques. This enables precise HPV typing since the
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primers anneal to a highly homologous area of the HPV types. The GP5+/GP6+ and MY09/MY11 PCR
systems are the most frequently used and clinically assessed generic primer PCR assays (32). After
amplification with generic and consensus primers, many techniques have been employed to determine
HPV genotypes. Using dot blot or microtiter plate formats, they include sequencing analysis, restriction
fragment length polymorphism, and hybridization with type-specific probes (33).

Now that high throughput rapid sequencing techniques for PCR products are available, they can be
used for regular clinical analysis (40). However, when a clinical sample comprises numerous HPV
genotypes, sequence determination is not appropriate. Sequences that make up a small percentage of
the total PCR result could go unnoticed. In turn, this might understate the frequency of infections with
certain HPV genotypes, with significant ramifications for immunization or subsequent research (41).
This was confirmed in a recent study from our team that compared reverse hybridization and
sequencing analysis of SPF10 PCR results in 166 cervical scrapes that tested positive for HPV (22).

All samples included HPV genotypes that were compatible. Only 2% of the samples underwent direct
sequence analysis, although 25% of the samples underwent reverse hybridization revealed numerous
types. Multiple HPV genotypes are frequently seen in a variety of patient populations. Multiple HPV
genotypes can be found in up to 35% of HPV-positive samples from patients with severe cytological
diseases and more than 50% of HIV-positive patients (42) but are less common in patients with cancer
(43).

Hybridization with one or more oligonucleotide probes is a frequent technique for determining the
sequencing of PCR products. Type-specific probes can be used to confirm type-specific PCR results.
Southern blotting is the original technique, in which a PCR product is electrophoresed before being
transferred to a membrane and then being hybridized to a tagged probe (44). The epidermis (cutaneous
kinds), the linings of the upper respiratory tract, and the anogenital tract are all epithelial tissues that
are infected by tiny DNA viruses called HPVs (mucosotropic types) (figure 2) (45).

The distinction between low- and high-risk strains of HPV is based on how well they are able to promote
malignant transformation. This idea was inspired by observations made more than 20 years ago that
certain HPV types were more frequently found in cancers than in benign lesions. This idea was then
supported by a large number of studies that showed that these risk categories reflect the viruses'
inherent and varied capacities to affect the stability and proliferation of the infected cell's genome. In
vitro cell transformation by the E6 and E7 proteins has been tested using a variety of assays. Primary
human keratinocytes, the virus's natural host, primary rodent cells, such as rat embryo fibroblasts,
neonatal mouse or rat kidney cells, and established rodent cell lines, such as NIH 3T3, were also
frequently employed. Immortality, the development of foci and growth on soft agar, cell multiplication,
and differentiation provided proof of transformation (44-46).
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Fig 2 Morphological difference of normal and cancer (45)

Epidemiology:

The primary drivers among women are the number of sexual partners, the age at which sexual activity
was first began, and the possibility that each of her partners was an HPV carrier, according to
epidemiological research looking at risk factors for HPV infection (46). Since these behavioral
characteristics persist throughout one's life, cervical cancer is definitely preceded by them. In the early
epidemiological research, questions about the sexual conduct of the wives or sexual partners of patients
with cervical cancer and controls were used to assess the role of men as potential HPV vectors. The HPV
DNA in exfoliated cells from the distal urethra, coronal sulcus, and penile shaft may also be measured
in more recent investigations (47).

These and other studies have demonstrated that a woman's risk of developing cervical cancer may be
predicted by both her own sexual conduct and her husband's sexual behavior. The population of female
sex workers is significant in the maintenance and spread of HPV infections in populations where female
monogamy is prevalent. Furthermore, it has been demonstrated that the likelihood that a woman is an
HPYV carrier and her risk of acquiring cervical cancer are connected to the presence of HPV DNA in her
partner's penis or urethra (48).

Male circumcision has been proven to protect males from being HPV carriers and their wives from
having cervical cancer more recently (48) These findings supported observations made over a century
ago (49) regarding HPV infections and a scientific theory developed approximately 30 years ago that
male sexual activity is a major factor in the occurrence of cervical cancer (50).

Some studies reviewed research on the molecular genetics of cervical cancer and noted various cancer-
induction processes. You may think of E6 and E7's impacts on host regulatory proteins as HPV-related
processes. The results of viral integration and their particular influence on the integration sites may
have an extra effect. The third mechanism—which might or might not be connected to HPV—is the
buildup of the genetic damage to cells required for tumor formation. The observations of recurring
heterozygosity losses and recurrent amplifications in a significant portion of cervical carcinomas clearly
support the existence of this mechanism (51).

Experiments showing that the tumorigenicity of HeLa cells could be suppressed by fusion with healthy
fibroblasts or keratinocytes or that the tumorigenicity of SiHa cells was suppressed by the introduction
of chromosome 11 via microcell transfer technology also point to the involvement of unidentified tumor
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suppressor genes (52). Similar to this, the addition of chromosomes 3, 4, and 6 reduced the longevity
of Hela and Sitta cells (53). The goal of this discussion is not to evaluate the literature, but it is apparent
that the biology of cervical cancer in connection to HPV has evolved into a model of virally mediated
oncogenesis. According to frequently published research, the viral DNA found in epidemiological
studies is not a passing infection of the malignant tissue but rather a biologically significant relationship
(54).

Prior to the last few decades, our knowledge of cancer pathways was incomplete and frequently
inaccurate. Arguments based on molecular biology assumptions did not hold up well in the face of such
ambiguity (56). However, given the wealth of information currently accessible, it is possible to create a
reasonable picture of the potential pathways by which cancer may arise and the potential roles of HPV
infection as a catalyst. As a result, we can claim with some degree of certainty that it is possible for HPV
to cause cervical cancer and that the general processes by which HPV may do so can be described with
some degree of precision. Naturally, there are still many details to be discovered, but compared to the
conjecture and crude models of just two decades ago, we are now very close to having a real grasp of
how carcinogenesis occurs. Here is a discussion of some material that may shed light on key events in
the development of HPV cancer (57).

The correlation between cervical cancer and HPV DNA in tissue samples seems conceivable and
consistent with prior research. This covers both human and animal observations as well as in vitro and
animal research. As molecular technology advances and is incorporated into epidemiological research
protocols, new criteria of causality are being proposed and tested to explain why a generally benign
viral process can occasionally end in cancer (58). Readers must be aware that the routes mentioned are
the result of significant research using tissue culture, biopsied human tissues, and other molecular
biology systems. However, as they have not been demonstrated to take place inside the pertinent
precancerous and cancerous tissues of living hosts, many specifics of route changes and aberrant
pathway effects are theoretical. The models are nevertheless highly convincing and factually consistent
despite the numerous gaps and contradictions. We anticipate testing these molecular models on human
beings in the future (59).

Almost all HPV types result in warty lesions, however only high risk varieties significantly increase the
risk of developing cervical cancer. Given the significant DNA similarity and structural similarity among
HPYV strains, these discrepancies may seem surprising. But in many biological systems, a significant
functional disparity brought on by minute genetic alterations is the norm (60). The E6 and E7 proteins,
notably their abilities to interact with and change or delete important cell cycle regulatory components,
play a major role in regulating variations in the carcinogenic potential of HPVs (61).

An HPV infection's course and outcome are influenced by the kind of HPV, the location in the body,
and the type and timing of local cellular and tissue effects. (62) In regions of erosion, viral virions gain
access to basal and parabasal cells, and viral DNA penetrates the cell nuclei. Epithelial cells' ability to
proliferate in tissue is related to establishment, and when considerable tissue repair is required, the
viral infection might spread broadly. Variable persistence in keratinocytes is correlated with virus type
(63). Finally, viral DNA integration could take place, leading to the lifetime persistence of specific viral
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genes in the cell. Low risk HPV types have a detectable infection in the cervix for just a brief period of
time, but most high risk kinds have a longer-lasting infection. Such infections can occasionally continue
for years or even decades, and in these circumstances, the risk of developing cancer is raised (67).

A capable and prepared immune system can control the spread of HPV infection. An inverse
relationship between the degree of cervical neoplasia and the generation of interleukin 2 by peripheral
blood mononuclear cells in response to HPV-16 E6 and E7 peptides has been found in in vitro studies
(67) Compared to women with CIN 1 or HPV-infected women without lesions, women with CIN 3 or
cancer seem to have a diminished capacity to establish a T helper cell type 1 (Th1)-mediated immune
response to HPV E6/E7 (66). The host immune system may regulate HPV infection through a Thi-
mediated cellular immune response, and the absence of such a response may predispose to the
progression of cervical disease. The infection can spread broadly and remain if HPV reaches immature
metaplastic basal stem cells that are actively proliferating. However, if the infection primarily affects
the parabasal transit amplifying cells, it may become temporary or nearly persistent (67).

The quantity and types of cells that contract HPV can affect the size, histological grade, and longevity
of lesions. Depending on the activity of the infected daughter cells, there may be intermittent viral
genome amplification in either a transient or persistent infection. This might affect how accurately the
lesion is detected by Pap or HPV DNA testing. The host-virus interactions between carcinogenic HPV
types and low risk HPV types differ significantly; the former have activities that interfere more strongly
with a variety of host cell cycle regulatory mechanisms. Therefore, it is important to think about the
consequences of HPV varieties that cause cancer. Initially, HPV replicates to produce 25—50 genomes
per cell (68).

Four multifunctional viral proteins, E1, E2, E6, and E7, are involved in the process by which this
happens (66). E7's ability to get around the pRB tumour suppressor barrier is one of its essential
functions. 176 E2F transcription factors are released after E7 binds to pRB and members of its family,
which is important for boosting viral and host cell DNA synthesis. Additionally, E7 binds to and
activates cyclin complexes that regulate cell cycle progression, such as p33-cyclin dependent kinase
2,192. E6 protein can circumvent the p53 protective regulatory pathways, which are crucial for avoiding
genetic damage that could cause cancer (69). Once during each cell division, HPV genomes replicate in
a stable state after attaching to host chromatin via the E2 protein (66). The loss of HPV DNA from cells
through non-disjunction may be reduced as a result of this tethered theta mode of replication, and
intracellular interference mechanisms that could cause apoptosis may be less likely to detect the
presence of small amounts of HPV DNA in cells (55).

A typical differentiation and maturation process results in pyknotic condensed cells that slough from
the tissue when cells differentiate and travel to the surface. However, in some spinous cells of virally
infected tissues, unscheduled DNA replication is activated, and viral DNA replication is switched to the
rolling circle mode, which results in the creation of viral offspring (11-14). The presence of punctate
proliferating cell nuclear antigen tissue staining (a protein with a crucial role in DNA replication) and
the presence of HPV virions in a fraction of upper layer cells can both be used to identify these
reactivations of DNA synthesis. Both low-risk and high-risk HPV E7 proteins have the capacity to
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encourage ad hoc DNA replication in spinous cells (70). It is thought that the degree of cell stimulation
caused by E7 and the tissue site where it occurs are crucial factors in the development of cancer. Spinous
cells produce p21cipi, a cyclin kinase inhibitor, in response to E7 by translating it from sequestered
RNA. Because there is no preexisting mRNA for p21cip1 in basal and parabasal cells, the protein is
generally created from newly induced transcripts by p53; however, p53 is inactivated by E6 and cannot
produce p21cip1 (12).

Thus, basal cells lack the control advantage enjoyed by spinous cells. Interestingly, large concentrations
of E7 can bind to p21cip1 and prevent it from functioning. Whether cells re-enter S phase and replicate
viral DNA or whether cells prevent viral production is thought to depend on the relative concentrations
of E7 and p21cip1. A mutually exclusive group of spinous cells with high levels of either E7 or p21cip1
are discovered through tissue examination (50). When E7 breaks through the p21cip1 block in a cell,
the cell can develop into a koilocyte and release viral particles. The uneven expression of the HPV effect
in tissues that are affected can be explained by this balance (45). The p53 protein, which is activated
upon phosphorylation by DNA damage sensing proteins, is destroyed by the E6 oncoprotein as one of
its primary functions. Because this chemical directly stimulates p21cip1, activated p53 shuts off the cell
cycle in the G phase. Alternately, p53 may trigger an apoptotic pathway in cases of significant DNA
damage or high viral replication rates. Alternative non-p53 dependent apoptotic mechanisms are
similarly hampered by E7 (71).

Cells are therefore unable to stop the accumulation of genetic mutations in the case of E6-mediated p53
degradation. Despite the fact that cells have additional protective homeostatic systems, E6 and E7 have
counter activities that can remove the barriers and cause cells to enter the S phase. Therefore, it would
seem that an abnormal host-virus interaction is what leads to the development of malignancy. The
abnormal control of E6/E7 expression could be a crucial step in this process (72). E6/E7 expression is
mostly observed in developing spinous cells that have exited the cell cycle in low grade CIN lesions.
Strong E6/E7 expression is observed in the proliferating cell compartments of high grade CIN lesions
and cervical carcinomas. In many malignancies, HPV DNA is incorporated into the host genomes in a
way that renders the E2 repressor protein inactive and promotes the overexpression of E6 and E7. Other
mutations in the E2 protein or in repressor activities, which appear to allow ongoing production of the
E6 and E7 oncoproteins, can be seen in cases when HPV integration is not found (55-59).

The production of chimaeric HPV mRNAs that encode the E6 and E7 proteins and have host sequences
at their 3' termini is another way that E6 and E7 could be overexpressed in proliferating cells. These
RNAs are frequently more stable and enable the synthesis of more proteins (63) Viral genomes in the
basal cells of chronic HPV lesions keep the cells stimulated to overlook possible mounting DNA damage
(71). Although the cells are still not immortal, E6 and E7 of high risk carcinogenic HPV types stimulate
cells to form clones with a prolonged life span that have passed a point known as mortality 1 or M1 (26).
Telomeres are associated with a key step in immortalization. Telomeres typically get shorter with each
cell generation, and when they get too short, the cells die. Telomerase, which along with a capping
function, can preserve and even prolong telomeres to allow cells to continue dividing, maintains
telomere length (73).
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A subsequent cell mutation can stabilize the telomeres when E6 activates telomerase, enabling cells to
move on to the mortality 2 or M2 stage. How many additional independent mutations are necessary for
immortalized cells to fully develop into cancer is unknown. A particular set of mutations induces a
collection of new proteases that enables the cell to penetrate the basement membrane. A different
mutation permits dermal cells to migrate (74).

In the late 1980s and early 1990s, there was controversy over the causal relationship between HPV DNA
and cervical cancer and the justification for intervention measures based on this conclusion. The
sensitivity and specificity of the HPV testing techniques available at the time were insufficient for use
in large epidemiological studies. The generated results were challenging to understand, and the
international literature openly expressed skepticism (74). The debate that was started at the time to
determine whether it was appropriate to make public health judgments is still going strong today (75).
The scientific publications coordinated by the IARC that included a significant number of scientists
committed to HPV study are some of the landmarks that could serve as examples. It was still possible
for HPV DNA to be a passenger, and superinfection of the neoplastic tissue could not be reliably ruled
out as a possible alternative explanation, according to an IARC scientific report from 1989. A follow-up
article examined the evidence once more in 1992 and came to the conclusion that measurement
mistakes in HPV detection could account for earlier inconsistent epidemiological data. The review came
to the conclusion that bias, chance, or confounding could be safely ruled out in the epidemiological
studies and that the connection could be classified as causal in nature (76-78).

Similar exercises have been carried out by other relevant bodies, and they have repeatedly led to similar
conclusions (79, 80). The US Department of Health and Human Services, the World Health
Organization, the European Research Organization on Genital Infection and Neoplasia, the American
College of Obstetricians and Gynecologists, the Centers for Disease Control, the National Cancer
Institute (National Institutes of Health), the American Cancer Society (Cervical Cancer Resource
Center), the American College of Obstetricians and Gynecologists, and the Health Technology
Assessment of the U Individual scientists and peer-reviewed journals have frequently stated their
understanding on the causal nature of the relationship between HPV and cervical cancer in addition to
the official reviews by institutional groups (80-82)
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