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HPV is a sexually transmitted virus, and high-risk HPV DNA was found in 99.7%

of cervical cancer specimens. Within 12 to 24 months of exposure to the virus,
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1. Introduction

HPV is a sexually transmitted virus, and high-risk
HPV DNA was found in 99.7% of cervical cancer
specimens.!-6 Within 12 to 24 months of exposure to
the virus, 90% of HPV infections disappeared or
became inactive. However, infection with high-risk
strains of HPV persist which then increases the risk of
progression to cervical cancer. The detection of
precancerous lesions consists of various methods,
including pap smear (conventional or liquid-base
cytology / LBC), visual inspection of acetic acid (IVA),
visual inspection of lugoliodine (VILI), and HPV DNA
testing (genotyping / hybrid capture.7-9

The pathogenesis of HPV infection involves the
overexpression of viral oncoproteins which can inhibit
various cellular proteins and influence biological
processes including cell proliferation, cell cycle, and
apoptosis.!! Changes in viral and host cells that cause
cervical carcinogenesis provide deep insight into the
nature of the disease as well as inspire therapeutic

development. specific molecular targets.12-13

Infection by high-risk human papillomavirus (HPV)
and integration of the HPV genome into host
chromosomes of cervical epithelial cells are key early
events in the development of neoplastic cervical lesions.

Viral oncoproteins, especially E6 and E7, are
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responsible for the initial changes in epithelial cells.
Viral proteins deactivate the two main tumor
suppressor proteins, p53, and retinoblastoma (pRb).
Inactivation of this host protein interferes with the DNA
repair mechanism and apoptosis, leading to rapid cell
proliferation. Several genes involved in DNA repair, cell
proliferation, growth factor activity, angiogenesis, and
mitogenesis genes are highly expressed in cervical
intraepithelial neoplasia (CIN) and cancer. This
genomic instability prompts HPV-infected cells to

develop into invasive carcinoma.14-17

HPV is classified in the Papillomaviridae family with
the family divided into 2 subfamilies with more than 50
genera. Of the 50 genera, only 5 can infect humans,
and the genus Alphapapillomavirus is the most
common in patients. Apart from genus, HPV is divided
into 3 based on the level of malignancy, namely mild,
potentially high risk, and high risk (Figure 1). The
causes of cervical cancer are HPV 16 and 18.18 While in
Indonesia, based on Mudiyarso et al's research, the
prevalence of HPV infection in cervical cancer patients

is mostly in types 16, 18, 45, and 52.19.

Pathogenesis of cervical cancer

The natural history of HPV infection and the
occurrence of cervical cancer begins with the presence
of cervical precancerous lesions revealed cytologically
(low grade and high grade) and histopathologically
(Cervical Intraepithelial Neoplasia or CIN1, CIN2,
CIN3)20 (Figure 2). The process of tumorigenic
transformation from viral entry to invasive carcinoma
takes 10-20 years and thus provides a window period
for treating the disease in its early stages. The initial
infection is mainly latent, subclinical, and
opportunistic. Genital HPV infection is very common in
young, sexually active women. Furthermore, sexual
contact with an individual infected with HPV increases
the likelihood of contracting the virus. Some additional
risk factors include use of oral contraceptives, a history
of sexually transmitted infections, smoking, and
immunosuppression. Various factors depending on

their role in the development of carcinogenic disease

can be classified into exposure-related, host-related

susceptibility, factors affecting the tumor
microenvironment, and somatic / epigenetic. Among
the factors that strongly influence HPV transmission
and pathogenicity are the prevalence of different HPV
strains in certain populations, duration of infection,
patterns of sexual contact and pathogenic behavior of
the infecting virus.2!

The HPV virus is a double stranded virus or dsDNA
without a sheath and enters the human body through
microabrasion. HPV then binds to the primary
Syndecan-1 receptor (Heparan Sulfate Proteglycans
(HPGs) isotype) then performs endocytosis. This bond
causes the viral DNA to come out of the vesicles and
binds to the microfilaments and helps transport in the
cytoplasm and nucleus cells.Then, the viral capsid
codes in the form of L1 and L2 are formed, making it
possible to carry out exocytosis or other target cell
infections.

The human papilloma virus infects only epithelial
cells and relies on the epithelial cell differentiation
pathway to complete its life cycle. The human
papilloma virus infects cells in the basal layer of the
epithelium, possibly through microabrasion on the
epithelial surface. Internalization of the infection takes
several hours, after which the viral DNA is released
from the capsid and transported into the nucleus as
free genetic material or extrachromosomal episodes.
Initial gene expression was tightly controlled in basal
epithelial cells with substantial amplification of viral
DNA. Replication (figure 3) occurs only in suprabasal,
distinct cells that are destined to mature and mature,
and therefore do not naturally express the replicative
machinery that the virus relies on to survive. To avoid
this problem, the human papillomavirus encodes two
proteins - E6 and E7 - that together promote cell
proliferation, prolong cell cycle progression, and
prevent apoptosis. Cells become permissive for viral
replication and hundreds or even thousands of human
papillomavirus genomes are generated in a single cell.
The capsid proteins L1 and L2 are expressed in the
most superficial layer of the epithelium, where the viral
assembly occurs, and finally, new infectious virus

particles (virions) are released from the epithelial
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surface (Figure 4). The papillomavirus life cycle takes
2-3 weeks, the time it takes for cervical cells to migrate
from the basal to the most superficial layers of the
epithelium, mature, age, and die.22

The structure of the HPV virus is divided into 3,
namely the Upstream Regulatory Region (URR) by 15%,
the early region 45%, and the late region 40%. The
invasion begins with the binding of -cellular
transcription factors, replication, and transcription.
The first target cells are basal cells in the cervical
epithelium and their activity is affected as the
maturation of the host cells increases. This means that
the replication process is slow and less productive
when the cells occupy the basal part of the epithelium.
However, as the host epithelium matures, HPV genome
replication increases and the initiation of a cascade
encoding E6 and E7 as well as L1 and L2. The end
result is that new immortal cells and virions are formed

to infect other cells that have not been infected.

HPV as an initiating factor of cervical cancer which
causes cervical cell disorders. The integration of viral
DNA with the body's cell genome is the beginning of the
process that leads to transformation. The HPV genome
is circular and 8 kb long, has 8 open reading frames
(ORFs) and is divided into early (E) and late (L) genes.
Gen E synthesizes 6 E proteins, namely E1, E2, E4, E5,
E6 and E7, which are widely involved in the replication
process of viruses and oncogens, while the L gene
synthesizes 2 L proteins namely L1 and L2 which are
associated with capsid formation.

The life cycle of the papillomavirus is different from
all other viral families: infection requires the availability
of viable reproductive epidermal or mucosal epithelial
cells (basal layer cells). In these cells, viral gene
expression is largely suppressed, although limited
expression of certain early viral genes (such as E5, E6
and E7) results in increased proliferation of infected
cells and their lateral expansion. After entering the
suprabasal layer, the expression of viral genes slowly
begins; the circular viral genome is then replicated and
structural proteins are formed. In the upper layer of the
epidermis or mucosa, complete viral particles collect

and are released.

Three genes have proliferation stimulating activity,
namely ES5, E6 and E7. ES is important in the early
course of infection, as it stimulates cell growth by
forming a complex with epidermal growth factor
receptors, the platelet-derived growth-factor-beta
receptor and factor-1 receptor. that stimulates the
colony (the colony-stimulating factor-1 receptor).
Recently, ES has also been shown to prevent apoptosis
after DNA damage. However, when an HPV-infected
lesion develops cervical cancer, the episomal viral DNA
often becomes integrated into the DNA of the host cell,
and a large part of the genome, generally including the
E5 code sequence, is deleted. Thus, E5 is not
mandatory in the event of late HPV-mediated
carcinogenesis. HPV protein E5 also plays a role in
supporting persistent HPV infection. The E5 protein
causes downregulation of NK cell receptors. The
downregulation of receptors results in NK cells unable
to attach to their receptors so that their activity in
eliminating cancer cells will decrease. The decrease in
NK cell activity causes several cytokines that can
trigger the adaptive immune response to not secrete.
E6 protein, which consists of 150 amino acids, binds to
the cellular protein E6-associated protein (E6-AP) to
form the Ubiquitin Ligase enzyme complex. This
enzyme complex causes the degradation of p53.
Degradation of p53 causes normal activity of p53 such
as stopping the cell cycle after the G1 phase, apoptosis,
and no DNA repair. In addition, E6 protein also plays a
role in inducing the c-myc protein to trigger the activity
of the telomerase enzyme. As a result, cells will become

immortal because the telomeres do not shorten.

Protein E7 consists of 100 amino acids to form a
complex with RB protein which is hypophosphorylated
causing interference with the pRB complex and cellular
transcription factor E2F-1. As a result, the
transcription factor E2F-1 is free and detached from
the DNA strand, resulting in transcription of the genes
required to enter the S phase of the cell cycle and
inhibits apoptosis of the host cell. The host cell
becomes immortal and continues to divide
uncontrollably. In normal circumstances, changes in

cells will trigger an immune response so that the
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abnormalities at this stage can be overcome and the
abnormal cells are in apoptosis. Naturally, virus-
infected cells will release type 1 interferon (IFN) such as
IFN-a and IFN-B. Interferons inhibit viral replication in
host cells and activate Natural Killer (NK). However,
HPV produces E6 and E7 proteins which can inhibit
transcription regulation of interferon 3 regulatory
factor to activate interferon beta thereby canceling the
initial response of the innate immune system to viral
infection. E7 also binds to interferon regulatory factor
1 to prevent activation of interferon alpha and beta. In
addition, E6 and E7 proteins also inhibit the
translocation of macrophages to virus-infected points
by inhibiting the regulation of Monocyte chemotactic

protein-1 (MCP-1), a chemotaxis compound.

Normally this compound will be released by virus-
infected keratin cells so that macrophages will migrate
to infected cells. Then, the macrophages will be
activated when they bind to viral components, such as
the genetic material of the virus and its capsid.
Activated macrophages release inflammatory
cytokines, chemokines or interferons. Compounds
released by macrophages will trigger TNF-a and

antibodies to kill HPV.

It is difficult to establish the role of other early HPV
proteins (such as E1, E2 and E4) in the malignancy
conversion process. Two structural proteins L1 and L2
are not expressed in precancerous and malignant cells,

but both are important for vaccine development.24

In cell cultures that have been transfected with E6
DNA, the CDKN2A gene encoding INK4A (pl6) is
usually deactivated by methylation, mutation, or
deletion. INK4A inactivates the cyclin D1-CDK4 or
cyclin D1-CDK6 complexes, which prevent cyclin E
expression and pass through the cell cycle. Consistent
disruption of the function of the CDKN2A gene in
immortal cells. E6 shows that INK4A can functionally

interfere with the transformation activity of E6.

Changes caused by the coding of the HPV virus
cause a lesion called a cervical intrapepithelial
neoplasm (CIN). CIN is divided into 3, namely CIN I
which invades 1/3 of the epithelium and lasts up to 3

years, changes occur on a small scale and the immune

response can eliminate this stage of infection. If it
continues, CIN I will change to CIN II which affects 2/3
to all parts of the epithelium. If the changes occur
persistently, it will enter the CIN III stage which lasts
up to 3-6 years. If the CIN progresses to CIN III and
persists for 5-10 years, the abnormal cells then become
invasive. This high level of CIN causes HPV DNA to be
perfectly integrated into the host genome and causes
disruption to the deletion of the gene coding for E2 so
that the expression of E6 and E7 proteins increases

drastically.

Viral and non-viral risk factors affecting the
development of infected cells are listed on the left.
Hormonal factors (estrogens and their derivatives)
activate the human papillomavirus (HPV) promoter and
facilitate the immortality of HPV-infected cells. The
mutagenic agent strengthens the existing HPV DNA.
They enhance progression by modifying the cellular
signaling cascade that controls HPV persistence, or by
causing increased expression of viral oncogene with
gene-dose effects. The increased expression levels of
the oncogene E6 and E7, in turn, result in increased
genomic instability, which further facilitates the

progression of infected cells towards invasive growth.25

The development of human papillomavirus (HPV)
infected cells into low-grade squamous intraepithelial
lesions (LSIL) and high-grade squamous intraepithelial
lesions (HSIL), carcinoma in situ and invasive cancer is
determined by failed control mechanisms. These
include intracellular control as possible by cyclin-
dependent kinase inhibitors, paracrine signaling
cascades and decreased immunological control.
Paracrine control is induced by macrophages and
cytokines, such as tumor necrosis factor-a, and is

based on loss of interferon-f synthesis.

Another pathway that involves blocking HPV DNA
transcription and known as the concept of cellular
interference factor (CIF) has been analyzed in more
detail. It is triggered by paracrine stimulation of cervical
epithelial cells by macrophages and tumor necrosis
factor-a (TNF-a), and causes several effects on HPV-
immortalized cells. These include modification of the

transcription factor AP1, which is important for HPV
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gene expression, and the induction of endogenous
synthesis of the antiviral interferon-B. It has been
suggested that changes in the composition of AP1

mediate suppression of high-risk HPV transcription.

Potential

high-Risk HPV

This pathway does not function in cervical carcinoma
cells, suggesting that the TNF-a-mediated signaling
cascade is interrupted

during malignant

transformation.

High-Risk HPV

Figure 1. Classification of HPV based on the level of malignancy
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Figure 6. Host control of HPV induction.
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