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Abstract 
 

Introduction: Genital Human Papillomavirus (HPV) infection is a self-limiting and often asymptomatic disease. Genital HPV infection is 
divided into high-risk HPV (HPV 16 and 18) and low-risk HPV (HPV 6 and 11). Low-risk or non-oncogenic HPV produces a clinical picture of 
anogenital warts, which may be condylomatous, papules, or keratotic. The subclinical form of genital HPV infection can present with an "aceto-
white" lesion found on the cervix that will appear when examined using an acetic acid solution evaluated by colposcopy. Based on the 
association with cervical cancer and precursor lesions, HPV can also be classified as high-risk (HR-HPV) and low-risk (LR-HPV) oncogenic 
types. LR-HPV types, such as HPV 6 and 11, can cause generalized genital warts or benign hyperproliferative lesions with a very limited 
predisposition to malignant progression, while infection with HR-HPV types, HPV 16 and 18, is associated with the development of pre-
malignant and cervical lesions. Discussion: Human Papillomavirus is a small DNA virus (50-55nm) belonging to the family Papillomaviridae 
and genus Papillomavirus.  Human papillomavirus (HPV) is a relatively small non-enveloped virus containing a double-stranded circular DNA 
genome associated with histone-like proteins and protected by a capsid formed by two final proteins, L1 and L2. Each capsid consists of 72 
capsomeres, The pathogenesis of HPV begins with infection of stem cells in the basal layer of the epithelium. Once inside the cell, the virus 
requires expression of the E1 and E2 genes to maintain a low genome copy number. These proteins bind to the origin of replication and the virus 
secretes cellular DNA polymerases and other proteins required for DNA replication. In the suprabasal layer, the expression of genes E1, E2, E5, 
E6 and E7 contributes to the maintenance of the viral genome and induces cell proliferation, increasing the number of HPV-infected cells in the 
epithelium, resulting in a higher number of cells that will eventually produce infectious virions.  Conclusion: In benign HPV lesions, cell 
proliferation increases leading to increased nutrition, resulting in competition for nutrients and oxygen. Both HR-HPV and LR-HPV E7 proteins 
increase the level of the transcription factor Hypoxia-inducible factor-1 (HIF-1), and induce increased expression of HIF-1 target genes under 
hypoxic conditions. Increased HIF-1 activity results in increased transcription of a subset of genes that support angiogenesis, and the induction of 
this angiogenesis is critical for the persistence and growth of HPV lesions such as genital warts. 
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INTRODUCTION 
 

Genital Human Papillomavirus (HPV) infection is a self-
limiting and often asymptomatic disease. Genital HPV 
infection is divided into high-risk HPV (HPV 16 and 18) and 
low-risk HPV (HPV 6 and 11). Low-risk or non-oncogenic 
HPV produces a clinical picture of anogenital warts, which 
may be condylomatous, papules, or keratotic. The subclinical 
form of genital HPV infection can present with an "aceto-
white" lesion found on the cervix that will appear when 
examined using an acetic acid solution evaluated by 
colposcopy, and can give another form, namely squamous 
intraepithelial lesions (SIL) using microscopic examination 
with cytology and histopathology (Smith et al., 2015). Based 
on the association with cervical cancer and precursor lesions, 
HPV can also be classified as high-risk (HR-HPV) and low-
risk (LR-HPV) oncogenic types. LR-HPV types, such as HPV 
6 and 11, can cause generalized genital warts or benign 
hyperproliferative lesions with a very limited predisposition to 
malignant progression, while infection with HR-HPV types, 
HPV 16 and 18, is associated with the development of pre-
malignant and cervical lesions. malignant. HR-HPV types are 
also associated with many carcinomas of the penis, vulva, anal, 
and head and neck, and contribute to more than 40% of oral 
cancers (Smith et al., 2015; McCollum et al., 2014). 
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A population-based study in Rochester, MN, reported an 
incidence of HPV infection of 1.06 per 1000 population in the 
late 1970s. In Sweden, the incidence of genital HPV infection 
was estimated to be 2.4 per 1000 population in 1990. In all 
studies, reported incidence of genital HPV infection was 
higher more in young women than in men. A study of female 
college students showed that genital warts would develop 
clinically after one year of infection with HPV 6 or 11, and 
develop within 3 years. The second peak was lower in older 
women, but oncogenic HPV types were found to be more 
common than non-oncogenic HPV types (Trottier et al., 2006). 
 

DISCUSSION 
 
Human Papillomavirus is a small DNA virus (50-55nm) 
belonging to the family Papillomaviridae and genus 
Papillomavirus. This virus does not have a capsule, each 
genome consists of about 8000 base pairs of double-stranded 
nucleotides, circularly shaped DNA (Centers for Disease 
Control and Prevention, 2010). Human papillomavirus (HPV) 
is a relatively small non-enveloped virus containing a double-
stranded circular DNA genome associated with histone-like 
proteins and protected by a capsid formed by two final 
proteins, L1 and L2. Each capsid consists of 72 capsomeres, 
each of which consists of five monomeric units of 55kDa 
which combine to form a pentamer corresponding to the main 
protein capsid, L1. The L1 pentamers are distributed to form a 



network of intra and interterpentameric disulfide interactions 
that serve to stabilize the capsid. In addition to L1, a minor 
capsid protein with 75kD in the virion and is called an L2 
protein. To form the viral capsid, the pentamers fuse with the 
L2 copy that closes the center of each pentavalent capsomere 
(Smith  et al., 2015; Arland et al., 2009). 
 

 
 

Table 1. Classification of HPV Types 

 
The HPV viral genome consists of a single double-stranded 
molecule and DNA, contains about 8000 base pairs and stores 
an average of 8 open frames (ORFs). From a functional point 
of view, the HPV genome is divided into three parts. The first 
part is upstream noncoding regulation (URR) or length control 
region (LCR) which has transcriptional regulatory functions of 
E6 and E7 viral genes. The second is the initial section (E), 
which consists of six ORFs: E1, E2, E4, E5, E6, and E7, which 
code for the absence of structural proteins involved in 
replication and viral oncogenesis. The third is the final part (L) 
which encodes the structural proteins L1 and L2. The LCR 
portion of anogenital HPV ranges from 800–900 bp, represents 
approximately 10% of the genome, and varies substantially in 
nucleotide composition between individuals (Bhatia et al., 
2013). Only one strand of double-stranded DNA serves as a 
template for viral gene expression and coding for a number of 
polycistronic mRNA transcripts. The regulation of viral gene 
expression is complex and is controlled by the cellular and 
viral components of transcription factors (Coleman et al., 
1994). Most parts of the LCR, contain a cis-active element 
transcriptional regulator. Virus early promoter, differentiation 
promoter, and two coordinated polyadenylation signals are 
regulated during differentiation in body cells. Genes E6 and E7 
maintain competency replication. E1 E2, E4, E5, and E8 are 
involved in viral DNA replication, control transcription, 
among other functions. L1 and L2, are responsible for the 
assembly of viral particles. When the cells have entered the 
body, the tissue will undergo host stratification/differentiation. 
Once activated, the promoter further promotes transcription 
from a heterogeneous set of start sites and serves to generate 
transcripts that facilitate the translation of L1 and L2 proteins. 
Furthermore, gene expression will occur, encoding structural 
proteins L1 and L2, which combine to form a capsid and form 
a virion (Quick et al., 1980). 
 
Pathogenesis 
 
HPV is epitheliotropic and replication occurs in the 
differentiated squamous epithelium. Viral DNA can be 
detected in the lowest layer of the epithelium. While the 
protein coat can be found in the superficial layer. HPV 
infection can give a picture of stratum spinosum cell 
hyperplasia (acanthosis) with the stratum corneum having one 
or two layers of parakeratotic cells. The dermal papillae are 
elongated and there are well-defined boundaries in the dermis. 
The presence of koilocytes cells, which are squamous cells that 
have large and mature sizes, have a clear perinuclear zone, 

which has expanded beyond the cell layer. The nucleus of the 
koilocyte cell is enlarged and hyperchromatic and sometimes 
doubles in appearance. These cells show a cytopathic effect 
caused by HPV. These cells are not sensitive to predict the 
presence of HPV infection in the cervix (Banura et al., 2013). 
The pathogenesis of HPV begins with infection of stem cells in 
the basal layer of the epithelium. Once inside the cell, the virus 
requires expression of the E1 and E2 genes to maintain a low 
genome copy number. These proteins bind to the origin of 
replication and the virus secretes cellular DNA polymerases 
and other proteins required for DNA replication. In the 
suprabasal layer, the expression of genes E1, E2, E5, E6 and 
E7 contributes to the maintenance of the viral genome and 
induces cell proliferation, increasing the number of HPV-
infected cells in the epithelium, resulting in a higher number of 
cells that will eventually produce infectious virions. In more 
differentiated cells of the same epithelial layer, promoter 
activation is dependent on differentiation and maintenance of 
E1, E2, E6 and E7 gene expression. Furthermore, there will be 
an activation of the expression of the E4 gene, which will 
promote the amplification of viral genome replication, greatly 
increasing the number of virus copies per cell, at the same time 
the expression of L1 and L2 genes occurs (Fernandes et al., 
2018). 
 
 

 
 

 
Figure 1. Pathogenesis and signaling of HPV protein 

 
In the granular layer, the gene end products, major and minor 
proteins of the viral capsid, L1 and L2 respectively, form the 
viral capsid and virion formation, which reach the cornified 
layer of the epithelium and are released. HPV replication 
begins when host cell factors interact with the LCR region of 
the HPV genome and begin transcription of early viral genes, 
at E6 and E7. Viral gene products E6 and E7 deregulate the 
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cell cycle, impairing cell growth regulatory pathways and 
modifying the cellular environment to facilitate the virus. 
Replication in cells occurs terminally. Infection with HR-HPV 
usually lasts from 12 -18 months and can be cured depending 
on the immune system. However, about 10% of women fail to 
develop a cure for HPV infection, resulting in persistent 
infection (Klaus and Richard, 2013). Many studies classify 
HPV infection as persistent if HPV is detected in two 
consecutive follow-up visits, 4–6 months apart. The persistent 
nature of HPV infection and the integration of viral DNA into 
the cell genome contribute to an increased risk of high-grade 
and malignant lesions due to the resulting genomic instability. 
E6 and E7 can induce centrosomal abnormalities resulting in 
abnormal centrosome reduplication, leading to an abnormal 
number of centrosomes (Banura et al., 2013). 
 
Conclusion 
 
In benign HPV lesions, cell proliferation increases leading to 
increased nutrition, resulting in competition for nutrients and 
oxygen. Both HR-HPV and LR-HPV E7 proteins increase the 
level of the transcription factor Hypoxia-inducible factor-1 
(HIF-1), and induce increased expression of HIF-1 target genes 
under hypoxic conditions. Increased HIF-1 activity results in 
increased transcription of a subset of genes that support 
angiogenesis, and the induction of this angiogenesis is critical 
for the persistence and growth of HPV lesions such as genital 
warts. 
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