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Cervical cancer is the fourth most common malignant neoplasm in women worldwide and the third in Iraq. One of
the reasons accounting for this is the human papillomavirus (HPV), which is found in 70% of Iraqis. The present study
is aimed at finding the mechanism of pathogenesis which the HPV16 genotype possesses in this disease.
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Introduction

Cervical cancer (CC) is the third most frequent
cancer in women worldwide (15%), and the
second most common in developing countries [1].
According to the World Wellbeing Association,
around 530000 women are diagnosed with CC each
year, with 275000 dying as a result [2]. The major
cause of CC is the human papillomavirus, which has
been related to the diagnosis of illnesses ranging
from benign warts to aggressive malignancy [3].
Despite the fact that more than 80% of women have
HPV before the age of 50, only approximately 1%
of persistent infections progress to severe cervical
cancer. It is uncertain why only certain uterine
cervical lesions associated with high-risk genes
progress to invasive carcinoma [4].

Despite the well-established association between
various HPV types and cancer development, data
shows that genetic differences within the same
viral genotype may boost infection potential, viral
persistence, the formation of precursor lesions, and
the progression to invasive carcinoma [5, 6]. Because
HPV16 is so common in CC cases, the association
between HPV16 and cancer has been explored at
the intra-type variation level, and numerous lines
of study have connected specific HPV 16 strains to
an elevated risk of invasive cervical cancer. HPV
variants have been examined to better understand
their association with compulsive and carcinogenic
characteristics of cervical injuries [7, 8]. Although
the factors influencing HPV disease in cervical
malignant growth are not completely understood, it
is accepted that HPV16 variants play an important
role in cervical carcinogenesis and are currently
regarded as a significant marker for research on
viral transmission, persistence, and cancer-causing
nature [8,10]. Variety in these perspectives might
add to variations in cervical disease frequency
[9]. In general, studies dealing with the role of the
HPV16 genotype in the pathogenesis of cancer are
insufficient, especially at a genetic and epigenetic
level. Therefore, we believe it is necessary to shed
more light on HPV16 genotype and the mechanism
that makes it more related to CC, and to explore the
qualifications it possesses as virulence factors and a
replication mechanism that makes it more virulent
compared to other types.
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Virulence factors of HPV16

The high-risk varieties HPV 16 and 18 are
implicated in 70% of cervical cancer cases, according
to the well-classified 80 kinds. HPV pathogenicity is
predominantly shown by oncoproteins encoded by the
ES, E6, and E7 genes, which cause low to high-grade
cervical lesions (CIN-1, 2, 3), resulting in 99.68%
squamous cell and 88.9% adenocarcinomas cervical
cancer worldwide [11, 12]. Furthermore, HPV16
possesses additional virulence factors such L1, L2,
E1l, E2, and E4 that are linked to the pathogenesis
of CC. Furthermore, the sequence of nucleotide
alterations, such as single-nucleotide polymorphisms
or genetic mutations, inside the L1, LCR, E6, and
E7 sections of HPV may determine the HPV type's
families, relatedness, and phylogeny [13, 14].

The El1 protein is a viral protein of 73 kDa that
is required for viral replication. This protein binds
to a particular DNA sequence and forms hexametric
complexes with the help of the E2 protein. The
helicase activity required for oligomerization is
present in the resulting complex [15]. Viruses' E2
protein is also involved in viral DNA replication. It
forms a complex with the E1 protein and connects
to specific destinations near to the replication origin.
The affinity of El binding to the replication origin
is increased by the adhesion between E2 and E1. E2
binds to mitotic chromosomes as well, and is thought
to aid in the precise separation of viral genomes
between the two daughter cells [16].

The E4 is derived from the area containing the
E1 and E4 ORFs entangled. This protein is mostly
produced during the late stages of viral replication. In
developing cells, it interacts with the cytoskeleton and
replicates. keratinocytes, which is therefore thought
to have a role in the collapse of the keratinocyte’s
cytokeratin filament [17, 19].

The ES protein appears to have an effect on the
epidermal growth factor (EGF) signaling pathway.
Internalization of the EGF receptor into endosomes
results in the return of a few particles to the cell
surface. The E5 binds to the EGF receptor and
increases the amount of particles that return to the cell
surface, therefore increasing the receptor's intensity
on the cell surface. The result is an increase in the
number of infected cells [18, 19].

The E6 protein's primary function is to stall and
corrupt the tumor suppressor protein p5S3 via the
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protein ligase E6 associated protein. This activity
leads in transcriptional suppression of p53's activity
and apoptosis inhibition. Nevertheless, E6 induces
telomerase, a critical enzyme for maintaining the
telomere length of chromosome, which is required for
cell escape and long-term cell growth. E6 may cause
the death of infected cells to be prolonged [20]. When
the early protein E7 attaches to the tumor suppressor
protein p105Rb, the tumor suppressor protein's ability
to regulate E2F transcription factors is compromised.
E7 is also associated with the proteins pl107 and
p130.These collaborations have the potential to
make the world a better place cells are immortalized,
and typical, normal reactions to DNA are no longer
their damage [21]. E7 also has the capacity to alter
the immune system. This capacity begins when E7
binds to the interferon regulatory factor 9 (IRF-9)
protein, which is linked to the interferon- (IFN-)
signaling pathway, and continues when E7 binds to
the interferon regulatory factor 9 (IRF-9) protein. As
a result of blocking IRF-9 nuclear translocation, it
obstructs the IFN- that has antiviral properties [22].
The two capsid proteins L1 and L2, which are encoded
by HPV during the late stages of the virus' life cycle,
are essential for viral survival. The genes that code
for these two proteins account for approximately 40%
of the virus's genome [23, 24] The L1 protein of the
Papillomavirus is the most important constructional
protein, and it is highly immunogenic, allowing it
to insert conformational virus-neutralizing epitopes.
Furthermore, it has the potential to be used to detect
HPYV antibodies in the sera of cancer patients. The L2
protein of HPVs is a small capsid protein that plays
a role in the contact of the virus with the cell surface
[24], as shown in figure (1).
Effect of HPV16 Genotype Infection on Cervical
Intraepithelial Lesions

The vast majority of HPV infections are transitory
and go unnoticed for 12-24 months [25, 26].
Furthermore, certain women with persistent infections
have a significant risk of developing precancerous
cases. According to multiple studies [27, 28],
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persistent infection with an oncogenic HPV 16 type
is the leading risk factor for cervical intraepithelial
neoplasia (CIN) ranging from CIN1 to CIN3 and
cancer. HPV16 was connected to the greatest risk of
CIN formation in the VIVIANE study, followed by
HPV18, HPV33, HPV31, and HPV45 [29].

The natural course of CIN lesions varies based
on their severity. CIN1 is a squamous intraepithelial
lesion of low grade (LSIL). According to research
[30], more than 70-80 percent of CINI lesions
spontaneously shrink or become undetectable
without treatment. As a result, CIN1 signifies an
infection rather than a stage of disease development.
As a result, the appearance of CIN1 after HPV16
infection does not always imply disease progression.
Furthermore, obvious clearing may be connected to
a failure to detect the sickness. As a result, clearance
rates must be regarded with caution [31].

Although both CIN2 and CIN3 are classified
as high-grade dysplasia or high-grade squamous
intraepithelial lesion (HSIL), CIN2 has a reduced
probability of evolving into cancer. In adult women,
the yearly regression rate of CIN2 is projected to
range from 15% to 23%, with up to 55 percent
regressing by 4—6 years [32], whereas about 2%
of CIN2 lesions develop to CIN3 during the same
time period. CIN3 is a true precancer, with a 0.2
percent to 4% chance of progressing to invasive
cancer within a year [33]. During a 30-year period,
untreated CIN3 has a 30% probability of becoming
invasive cancer, but appropriately treated CIN3
has a 1% chance of becoming invasive cancer [27,
33, 34]. Cervical adenocarcinoma is distinct from
squamous cell carcinoma in that it arises from the
glandular epithelium of the endocervical canal, with
adenocarcinoma in situ as its immediate predecessor
(Figure 2). Cervical cancers seldom progress fast
since it takes around 20 years from HPV16 infection
to the beginning of cervical cancer [35].

The discovery of a link between high-risk HPV
strains and the development of cervical cancer aided
the acceptance of new screening systems. The WHO
and the European Guidelines for Quality Assurance
in Cervical Cancer Screening both
advocate testing for the presence
of high-risk HPV as a screening
approach [36]. HPV testing has
been demonstrated to be effective
in detecting precancerous cervical
lesions in population-based
cervical screening programs [37].
As a result of the discovery of
a causative association between
HPV and cervical cancer, as well
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Figure 1. — Genetic map of HPV'16 genotype [52]
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Following HPV16 Infection, the Pathogenesis of
Cervical Cancer Development

Cervical cancerogenesis is a complicated process
of uncontrolled cell proliferation that includes HPV
gene integration as well as other cellular alterations
and epigenetic variables. Under cellular and other
environmental circumstances, HPV-infected DNA
can be altered, resulting in viral DNA integration and
interaction with the host DNA synthesis machinery.
Viruses can therefore evade cellular and immune
defenses while encouraging cell proliferation and
inhibiting apoptosis [31, 39].

The control of viral transcriptional factors
determines HPV16's carcinogenic potential. The
HPV16 genome may emerge as an unintegrated
small DNA molecule known as an episome at the
start of a viral infection, resulting in benign and
precancerous cervix lesions. In contrast, HPV16
has the potential to integrate its genome into the
host genome, which can lead to cervical cancer
and cervical intraepithelial neoplasia grade III [40].
The carcinogenic process is aided by viral genome
integration in conjunction with dysregulation of
the E2 protein, an oncoprotein regulator. These
activities cause overexpression of E6 and E7
proteins, which contribute to viral carcinogenesis
by altering the cellular apoptotic pathway. E6 and
E7 viral genes are found to be integrated into the
host genome and expressed in HPV16-positive
cells (Figure 2), while E6/E7 overexpression may
be lacking in some HPV16-infected cells [40, 41].
According to transgenic mouse model cervical
cancer studies, E7 increased proliferation and
centrosome copy number, causing the progression
of multifocal microinvasive cervical cancers,
whereas E6 increased centrosome copy number
and eliminated detectable p53 protein, but did not
cause neoplasia or cancer. Importantly, combining
both oncoproteins resulted in bigger, more invasive
tumors and a higher number of centrosomes [42].

Immortalization
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Overexpression of E6 and E7 is insufficient to
contribute to cancerogenesis since other genetic and
epigenetic factors must be generated. E6 interacts
with E6-associated binding protein (E6AP), a
ubiquitin ligase, causing E6 to change structurally,
allowing it to connect to p53, the cell cycle control
tumor suppressor protein, to create the E6/E6AP/
p53 trimeric complex. This binding causes p53 to be
degraded, which leads to cell growth [43].

TP53 gene polymorphisms and HPV16

The P53 protein is known as the genome's
guardian and plays an important role in the cellular
response to genotoxic stress. This protein also
suppresses tumors through a variety of mechanisms,
including cell cycle arrest, apoptosis induction, and
cellular senescence (Figure 3) [44]. The expression
of the p53 protein in cervical intraepithelial lesions
and invasive carcinomas has been studied previously.
Throughout the cell cycle, the TP53 gene product
works as a tumor suppressor, halting it in G1 so
that DNA damage may be repaired before DNA
replication. [45]. The presence of high-risk HPV16
during the transition from preinvasive lesions to
cervical cancer is expected to affect the link between
the TP53 Arg72Pro polymorphism and cervical
cancer [47]. The HPV16 E6 protein interacts to the
p53 tumor suppressor, causing it to be degraded by
the 26S proteasome, inactivating it and impairing
p53-induced cellular death [44]. The most prevalent
P53 genotype in HPV16-associated malignancies,
according to Habbous etal., is homozygosis arginine/
arginine [47]. This homozygosis was shown to be a
risk factor for cervix cancer by the authors, showing
that arginine ity especially vulnerable to HPV16
E6-mediated degradation [46]. However, many
single-nucleotide polymorphisms in the TP53 gene
have been discovered, which are likely to cause
different HPV16 E6 sensitivities. Exon 4 codon 72,
where arginine is swapped for proline, is the most
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Figure 2. — The interaction of the oncoproteins HPV E6 and E7 is required for HPV-induced malignancy. By targeting
PRb, E7 promotes tumor growth and contributes to the early phases of HPV-driven malignancy. E6 is hypothesized to
have a role in the latter stages of cancer due to its capacity to target PDZ-domain containing cellular substrates via its

C-terminal PDZ-binding motif (PBM) [15].
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Figure 3. — In cervical cancer, a schematic representation of the interaction of
HPV16-E6 with p53 and p21 is shown: A. HPV viruses infect host cervix cells and
transcriptionally activate E6 and E7 oncoproteins. B. HPV-E6 oncoprotein then prevents
P53 protein phosphorylation, inhibiting its normal function in p21 transactivation.
This results in the sequestration of p53's cell cycle inhibitory function, abnormal cell
proliferation and initiation, and cervical cancer progression [53]

common polymorphism, resulting in the "Arg72Pro"
genotype. Proline-containing variants were shown
to be less likely to be degraded by the HPV16 E6
protein than arginine-only variants [47].

IGFIR receptor and HPV16

In a number of malignancies, the insulin-like
growth factor 1 receptor (IGFIR) is a tyrosine-
kinase receptor that promotes mitogenic, metastatic,
and antiapoptotic chara-cteristics. IGFIR has
previously been reported as a hypoxia-mediated
prognostic biomarker of tumor aggressiveness in
cervical cancer [48, 49]. In preneoplastic (1986)
and invasive cancer (2002), the proportion of IGFIR
expression was greater than in controls. IGF1R may
have an early and crucial role in the development
of invasive cancer, as evidenced by the enhanced
expression reported between preneoplastic and
neoplastic tissues [46]. In preneoplastic tissues, it
promoted stealthy cell growth and aberrant survival,
and it intensified the impact in neoplastic tissues [48].
Furthermore, Zacapala-Gomez et al. claimed that
IGF1R overexpression was caused by the expression
of E6 mutations AA-c and E-G350 [49]. As a result,
the persistent HPV16 coinfection in this case might
have had a direct role in the IGF1R dysregulation.
IGFIR has previously been linked to cellular
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POJIb '’EHOTHITA BUPYCA NAIINJIJIOMBI YEJIOBEKA 16

B ITATOJIOTUU PAKA IEMKH MATKHU
A. T. /Incanun, A. E. Kapesckuii

I'poonenckuii cocyoapcmeennwviil ynugepcumem um. A. Kynanwi, I poono, benapyce

Pax wetiku mamku s187151emcsi Yemeepmlm No Yacnone 310KaA4eCmeeHHbiM HOB00OPA308AHUEM Y JHCEHUUH 60 6CEM
Mmupe u mpemvum 6 Upaxe. OOnoll u3z npudun 2moeo A6iaemcs upyc nanuiiomsl yerosexa (BI14), komopuwiii obna-
pyorcusaemes y 70% ocumeneti Upaxa. Hacmoswee ucciedosanue nanpagieHo Ha NOUCK MEXAHU3MA namozenesd,
xkomopuvim ooradaem cenomun BII416, npu dannom 3abonesanuu.

Knioueswie cnosa: BI1Y16, cenomun, pax wetiku mamku, namoio2us.
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Kopoaesa, Eisena I'puropseBna. Ilcuxuueckue
paccTpoiicTBa MpH COMaTHYECKUX 3a00JeBaHUSIX : TO-
cobue Juisi CTYICHTOB YUYPEXKICHUIH BBICIIEro 00pa3o-
BaHMs, oOydarommxcs mo crenuansHoctd 1-79 01 05
"Meauko-ncuxojoruyeckoe Aeno" : pPeKOMEHJI0BAHO
y4e0HO-METOTUIECKAM OOBEIMHCHHEM II0 BBICIIEMY
MEIHUIIMTHCKOMY, (apMaIieBTUIeCKOMY OOpa30BaHHIO /
E. T'. Koponéra ; MUHHHCTEPCTBO 3ApaBOOXpPAHEHHUS
Pecniyonuku  benapych, VYupexaenue oOpa3oBaHUs
’ - "I'poiHEHCKHUH TOCYAApCTBEHHBIM MEAUIMHCKUI yHHU-

; Bepcutet", Kadempa MEIUIITHCKON IICHXOJIOTHU H TICH-

nc VlXH‘-IECKVIE ggggglgs%s_.6r(ﬂ?§_}m : TpI'MY, 2021. — 175 ¢. — ISBN
PACCTPOUCTBA NP
Co MATMNM EC KM X B oannom nocobuu oceewiaromesi 61dbl NCUXUYECKUX

| paccmpoiicme, Komopble MO2Ym uMens Mecmo npu pas-
3ABONEBAHNAX JUYHBIX COMAMUYECKUX 3a60NC6AHUSAX, ONUCHIEACTCS UX
namozenes u OCHOGHbIEe MEPANeSMUUECKUE NOOX00bI NPU
nux. /lana nocmanoska ouaznosoe no MKb-10 npu pasz-
JIUYHBIX NCUXUYECKUX PACCMPOUCMBAX Npu CoMamuye-
CKUX 3a0071€8AHUSIX.
Iocobue npednasznauweno 0t cmyoeHmos meou-
i KO-NCUXONO2UYeCK0o20  (haKkyibmema  (CneyuaibHoCcmy

1-79 01 05 "Meouxo-ncuxonocunecxkoe oeno").
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