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Abstract. Cervical cancer is associated with infection by
certain types of human papillomaviruses (HPVs), and this
affects women worldwide. Despite the improvements in
prevention and cure of HPV-induced cervical cancer, it
remains the second most common type of cancer in women
in the least developed regions of the world. Epigenetic modi-
fications are stable long-term changes that occur in the DNA,
and are part of a natural evolutionary process of necessary
adaptations to the environment. They do not result in changes
in the DNA sequence, but do affect gene expression and
genomic stability. Epigenetic changes are important in several
biological processes. The effects of the environment on gene
expression can contribute to the development of numerous
diseases. Epigenetic modifications may serve a critical role
in cancer cells, by silencing tumor suppressor genes, acti-
vating oncogenes, and exacerbating defects in DNA repair
mechanisms. Although cervical cancer is directly related to a
persistent high-risk HPV infection, several epigenetic changes
have been identified in both the viral DNA and the genome
of the infected cells: DNA methylation, histone modifica-
tion and gene silencing by non-coding RNAs, which initiate
and sustain epigenetic changes. In the present review, recent
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advances in the role of epigenetic changes in cervical cancer
are summarized.
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1. Introduction

Uterine cervix cancer (UCC) is classed as the fourth most
common type of cancer that occurs uniquely in women, and
constitutes a serious global public health problem (1). With
an estimated occurrence of 528,000 new cases in 2012 and
an overall incidence rate of 14/100,000 women, UCC is the
second most common type of cancer diagnosed and the third
leading cause of cancer-associated death in women in the
least developed countries (2,3). In Brazil, UCC is third in
prevalence, excluding non-melanoma skin cancer (statistics
for which may be incomplete), after breast and colorectal
cancer. The incidence of UCC has remained stable over the
last 5 years, with an estimated average risk of 15.57/100,000
women between 2014 and 2018 (4).

Virtually all UCC cases are triggered by persistent
infection of the uterine cervix by human papillomavirus (HPV)
high risk genotypes, particularly HPV16 and HPV18 (5,6).
However, it is known that the virus alone is not sufficient
to cause this malignant disease (7). Thus, additional factors
are necessary for the progression of a low-grade squamous
intraepithelial lesion to a high-grade lesion, and consequently
to invasive cancer (8). Dysregulation of both viral and host
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gene expression due to viral DNA integration into the cell's
genome, as well as epigenetic modifications are crucial events
in the carcinogenic process (7). In addition, high-risk HPV
infection can lead to aberrant expression of oncogenic and
tumor suppressor micro RNAs (miRNAs), most of which have
either c-Myc, p53 or E2F transcription factors as downstream
targets, and whose expression can be modulated by the E6 and
E7 viral oncoproteins (9).

The unresolved long-term chronic inflammation caused by
HPYV creates a microenvironment where complex interactions
involving cytokines, chemokines, free radicals, prostaglan-
dins, growth factors and enzymes, such as cyclooxygenase and
matrix metalloproteinases (MMPs) may also induce genetic
and epigenetic changes, affecting critical signaling pathways
for maintenance of cellular homeostasis (10).

Several epigenetic changes were identified during HPV
infection in both virus and host cell genomes, including
hypomethylation or hypermethylation of viral DNA and hyper-
methylation of host cell tumor suppressor genes, as well as
histone modifications and changes in expression of non-coding
RNAs (ncRNAs) (11). The E6 and E7 viral oncoproteins
interact and/or alter the expression of several cellular proteins
involved in epigenetic regulation, altering the transcriptional
competence of the infected cells caused by the changes in gene
expression, increased activity of histone-modifying enzymes
and chromatin remodeling (11,12). It has been observed that
the loss of control of expression of E6 and E7 genes during
HPV infection is caused by the rupture of the El and/or E2
viral genes during integration of the viral DNA into the host
cell genome or due to the hypermethylation of the virus'
early promoter DNA, which is located in the long control
region (LCR) of the viral genome that regulates the expression
of these genes (13).

The LCR is a non-coding sequence of the HPV genome
responsible for regulating the expression of viral genes. The
early and late promoters of these genes, as well as the binding
sites of viral proteins E1 and E2, and several transcription
factors of the host cell, are located in this region of the viral
genome. The E2 protein is the major intragenomic regulator of
the virus and modulates the expression of the viral E6 and E7
oncogenes by binding to the E2BS site located in the LCR. The
E2 binding site has CpG islands with potential for methylation,
which results in the inhibition of its transcriptional regulatory
function of the E6 and E7 genes, leading to overexpression of
these viral oncogenes (13,14).

In the present review, recent advances in our understanding
of the role of epigenetic changes in the process of cervical
carcinogenesis induced by high-risk HPV infections in the
initiation, progression and invasion of cervical cancer are
summarized.

2. Methods

The present literature review was performed using PubMed
(National Institutes of Health; ncbi.nlm.nih.gov/pubmed),
Scopus (Elsevier; scopus.com/scopus/home.url) and Web of
Knowledge (Thomson Reuters; wok.mimas.ac.uk) electronic
databases, and the following key words were searched:
‘Epigenetics’, ‘Cervical cancer’, ‘HPV-induced carcinogen-
esis’, ‘Regulation of genetic expression in cervical cancer’,

‘Epigenetic changes in cervical cancer’, ‘DNA Methylation in
cervical cancer’, ‘Modifications of histones in cervical cancer’,
and ‘Non-coding RNA in cervical cancer’. Several hundred
articles were found in the surveyed databases, and only the
most relevant ones, published in high-impact factor journals,
and conducted by groups with recognized knowledge in the
area were selected.

3. Epigenetics

Epigenetic modifications are inherited characteristics that are
not caused by changes in the DNA sequence, as they result
from changes in gene expression due to changes in DNA
accessibility or chromatin structure (15). They are reversible
modifications in gene function, involving overexpression or
silencing of genes by mechanisms that do no result in DNA
alterations, therefore being responsible for changes in the
phenotype without genotypic alterations (16,17).

Such changes are caused by methylation or acetylation of
DNA, post-translational modification of histones, or by the
action of ncRNAs, which can be triggered by exogenous and
environmental factors that regulate the differentiation and
development of cells and organs (15). They are normal events
of regular occurrence that can be influenced by several factors
including age, environment, lifestyle, cellular stress and patho-
logical factors (18-20).

Although epigenetic modifications are a natural adapta-
tion mechanism to changes in the environmental conditions,
the complex regulation of gene expression promoted
by these modifications can lead to detrimental consequences
in the organism causing an inverse effect to what is expected,
resulting in accumulation of characteristics that diminish its
adaptability, which in-turn leads to pathological conditions,
such as cancer (21). The epigenetic modifications may serve
a critical role in cancer cells, promoting silencing of tumor
suppressor genes, activation of oncogenes and defects to DNA
repair mechanisms (22). Such alterations may subvert the
controlled division of healthy cells through different molecular
pathways, leading to unlimited capacity for division, genomic
instability, metabolic displacement, and acquisition of char-
acteristics of mesenchymal cells by increased survival and
displacement to distant sites from the original tissue (23). At
least three systems including DNA methylation, histone modi-
fication, expression or silencing of ncRNA encoding genes
are currently considered the primary systems responsible for
initiating and supporting epigenetic changes (24).

The tumorigenic process involves changes in the tran-
scriptional pathways of cells that lead to reprogramming with
remodeling of the 3D structures of the genome, which is used
by cancer cells to initiate tumors. This reprogramming is trig-
gered by hereditary chemical modifications of chromatin that
result in the formation of RNA-protein-DNA complexes that
serve as the primary factors responsible for the dysregulation
of gene expression, and this may be a cause and a consequence
of cancer-related epigenetic alterations (24).

Although UCC is directly related to a persistent high-risk
HPV infection, several epigenetic changes have been identi-
fied in both the viral DNA and the genome of infected cells.
Hypermethylation of the E2 binding site located in the LCR
of the viral genome, hypomethylation of the overall DNA and
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hypermethylation of host cell tumor suppressor genes have
been reported. In addition, histone modifications and acetyla-
tion, and changes in ncRNA expression patterns are involved
in the carcinogenic process (11). Some aspects of these epigen-
etic mechanisms in the initiation and progression of UCC are
discussed below.

Methylation of DNA. Methylation is the replacement of a
hydrogen atom by a methyl group by means of covalent attach-
ment at the Carbon 5 position, predominantly of the nucleoside
cytosine, preceding the guanine nucleotide (CpG) catalyzed
by DNA methyltransferase (DNMT) enzymes (25). The meth-
ylation levels in the CpG islands of regulatory gene promoters
serve as an epigenetic mechanism used by cells to regulate
gene expression (26). Methylation of the promoter region of a
gene generally results in its silencing, whereas demethylation
leads to an increase in its expression (27). This epigenetic
mechanism evolved to allow regulation of several biological
processes aiming to maintain homeostasis in situations of
cellular stress. Thus, when these mechanisms are deregulated
for any reason, it may result in the development and progres-
sion of several diseases, particularly cancer (28).

DNA methylation in normal cells is involved in regulating
gene expression, including chromatin organization (29). In
contrast, global hypomethylation of DNA in tumor cells
is observed in repetitive regions and hypermethylation in
CpG islands of tumor suppressor gene promoters, as well as
increased maintenance of DNMT1 activity (30,31).

The carcinogenic process of UCC is related to several
epigenetic mechanisms, including the hypermethylation of the
promoters of regulatory genes, which can result in the activa-
tion of oncogenes and inactivation or loss of function of tumor
suppressor genes, additionally affecting the expression of HPV
genes, a primary risk factor of the disease (Fig. 1) (32).

However, the role of DNA methylation in silencing tumor
suppressor genes and its implications in the development of
diseases varies according to the ethnic characteristics of the
population. A meta-analysis of 15 studies covering a total of
950 UCC samples and 829 controls showed that methylation
of the CDHI1 gene promoter which encodes cadherin 1, a
protein involved in adhesion between cells, is associated with
an increased risk of UCC in Caucasian women, but not in
Asian women (33). In addition to its role in the initiation and
progression of UCC, DNA methylation status can also be used
as a molecular marker for detection of cervical cancer, from
cervical scrapes and even in the urine. Although the cervical
scrapes showed better results, urine showed a significant
increase in levels of six of the methylation markers assessed,
when compared to the healthy controls, showing that this may
be a promising strategy for the detection of cervical cancer (34).

Cell DNA methylation. A wide range of cellular genes, particu-
larly those involved in cell cycle regulation, apoptosis, DNA
damage repair and cell adhesion, senescence and survival of
cells, including TP53 and RBI tumor suppressor genes, are
altered in UCC due to aberrant methylation patterns of their
promoters caused by the action of the oncoproteins encoded
by the E6 and E7 genes of high-risk HPVs (6,35,36). In
HPV-infected cells expressing high levels of E6 and E7 viral
oncoproteins, there is a subversion of cell cycle control and DNA
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repair mechanisms, as well as inhibition of senescence and cell
death by apoptosis (37). In addition, these viral proteins also
contribute to immune evasion by inhibiting interferon-signaling
pathways, reducing the ability of antigen presentation and
inducing tolerance of T cells (38). E6 and E7 viral oncoproteins
act together to promote the hypermethylation of cellular genes.
E6 promotes degradation of p53 and release of Spl transcription
factors, which binds to the DNMT]I gene promoter, activating
its expression. On the other hand, E7 forms a stable complex
with pRB, releasing the transcription factor E2F, which binds
to the DNMT1 gene promoter, activating its expression. Both
mechanisms lead to production of DNA methyl transferase
enzymes, which promotes the hypermethylation of CpG islands
and the silencing of cellular genes (6).

The Wnt-f-catenin signaling pathway is involved in
regulating the differentiation, proliferation, migration and
differentiation of cells. Therefore, dysregulation of this
pathway is associated with several types of cancer, including
UCC. High-risk HPVs, through their E6 and E7 oncoproteins,
can activate the Wnt-f-catenin pathway via several mecha-
nisms. E6 and Dvl, both cell proliferation regulatory proteins,
bind to f-catenin and promote its stabilization by increasing
the transcriptional activity of TCF, which prevents the phos-
phorylation of B-catenin and its degradation. E6 can also
protect -catenin from degradation by binding to the E6PA
protein of the infected cell. In addition, E6 and E7 bind to the
catalytic subunit of protein phosphatase 2 (PP2A) to inhibit
the phosphorylation of $-catenin by preventing its degradation
and promoting its stabilization in the cytoplasm. Thus, trans-
formation and carcinogenesis of human keratinocytes induced
by HPV requires activation of the Wnt-3-catenin, contributing
to the proliferation and invasion of tumor cells (39).

The silencing by hypermethylation of the A-1 gene
promoter of the Adenomatous polyposis coli (APC), whose
product is a negative regulator that controls f-catenin via
interaction with E-cadherin, results in the abnormal accumu-
lation of -catenin in cell lines infected with HPV16. Together,
B-catenin and E-cadherin participate in several prominent
oncogenic mechanisms in various types of cancer that are
associated with aberrant activation of Wnt-f. Demethylation
of the A-1 gene promoter results in increased APC expres-
sion levels and reduced B-catenin expression, acting on two
transcriptional targets of the Wnt-3-catenin pathway: Matrix-7
metalloproteins and vascular endothelial growth factor. This
suggests that APC gene silencing by hypermethylation of
its promoter is involved in HPV-induced carcinogenesis by
promoting activation of Wnt-B-catenin (40).

The transcriptional silencing via CpG island hypermeth-
ylation of the KIP/ and TP53 promoter genes encoding the
p27 and p53 proteins, respectively, both involved in cell cycle
regulation, is strongly associated with UCC when compared
with normal tissue (41). A similar process occurs with the
hypermethylation of the phosphatase and tensin homolog gene
promoter, which is also involved in the regulation of cell cycle
progression, resulting in the silencing of this tumor suppressor
gene. Reduced expression of these genes is correlated with
increased proliferation and cell motility via inactivation of the
PI3-kinase-dependent signaling pathway (42).

The negative regulation by hypermethylation of the RASSF/
promoter gene, which is involved in the activation of the signaling
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Figure 1. The role of epigenetic changes in the development of UCC. The process begins with infection of the epithelium that lines the cervix with high-risk
HPVs. During productive HPV infection, methylation of the L1 and L2 late viral genes may occur, increasing the risk of viral persistence. Viral persistence favors
the methylation of both viral and cellular DNA, also increasing the risk of malignant transformation of the infected cell. Hypermethylation of the LCR of the
viral genome blocks the binding site of the viral E2 protein to this region, preventing its regulatory function on the expression of the viral oncogenes E6 and E7,
whose products are directly associated with carcinogenesis. Another crucial event in this process is the integration of the viral DNA into the cell genome, which
results in the rupture of the viral E2 gene, interrupting the production of the E2 protein and abolishing its regulatory function on the expression of the viral genes
E6 and E7, leading to overproduction of viral oncoproteins. E6 protein can act directly by activating the expression of oncogenes or inducing the degradation
of the tumor suppressor protein p53, resulting in progression of the cell cycle, preventing DNA repair, increasing cell proliferation, and inhibiting apoptosis. In
addition, E6 activates telomerase, prevents cell senescence and activates DNA methyltransferase, which favors the methylation of cellular and viral genes, and
promotes the silencing of tumor suppressor genes. Conversely, E7 can act directly by inhibiting the host's immune response, interfering with the presentation of
antigens, interferon signaling pathways and maturation of T lymphocytes, as well as increasing the tolerance to these T-cells. In addition, E7 induces degrada-
tion or inhibition of the function of the cell's tumor suppressor pRB protein, which results in cell cycle progression, inhibition of DNA repair mechanisms and
uncontrolled cell proliferation. Thus, the joint action of viral proteins E6 and E7 leads to the immortalization of cells infected by HPV, followed by the malignant
transformation of these cells. UCC, uterine cervix cancer; HPV, human papillomavirus; LCR, long control region; DNMT1, DNA methyltransferase 1.

pathway, which inhibits cell proliferation and induces apoptosis,  results in the phosphorylation of pRB with the release of E2F,
has been shown in numerous studies to increase the risk of  which in-turn activates gene transcription, in-turn promoting
UCC (43). A similar outcome is observed following silencing  cell cycle progression resulting in cell immortalization, and thus
of the CDKN2A gene by hypermethylation of its promoter.  contributing to the pathogenesis of UCC (6,45).

The CDKN2A gene encodes the pl6INK4a tumor suppressor Hypermethylation of the CDHI gene promoter, is associ-
protein, which interacts with cyclin dependent kinases, CDK4  ated with HPV-induced carcinogenesis, as silencing of this
and CDK®6. This interaction prevents pRB phosphorylation with ~ gene increases the risk of worsening cervical lesions. In
E2F release, leading to cell cycle arrest in the G1 phase (44).  addition, the increased methylation density of this gene is
Thus, CDKNZ2A silencing by hypermethylation of its promoter  associated with UCC progression and metastasis, and has been
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suggested as a possible epigenetic marker that can be used to
predict the risk of disease progression (46).

In a meta-analysis study, four genes were identified as
common targets for aberrant methylation in UCC including the
death-associated kinase protein-1 gene, which activates IFN-y
and induces apoptosis; the retinoic acid receptor § (RARp) gene,
which induces vitamin A production and is associated with cell
growth and differentiation; the Wnt-f3 inhibitory factor gene,
whose product inhibits the Wnt-B-catenin signaling pathway;
and the slit-orientation ligand gene 2, which is associated with
cell migration, all of which are silenced in UCC. The hyper-
methylation of the promoters of these four genes occurs early in
cervical carcinogenesis and appears to be specific to UCC (47).

Hypermethylation of promoters EPB4L.3 and FAM19A4 cell
genes encoding a cell adhesion molecule and a cytokine that
attracts and enhances the phagocytic activity of macrophages,
respectively, is associated with an increased risk of UCC (48).
Other cellular genes, such as ADCYAPI, MAL (a T-cell
differentiation protein) and CADM]1 are also silenced in cells
derived from UCC, due to hypermethylation of their promoters,
and this condition is associated with a greater risk of tumor
progression (49). Moreover, PAXI cell genes, which encode the
transcription factor paired box 1, SOX/ for the sex determining
region Y-box 1 and LMXIA for LIM homeobox transcription
factor la, all of which are involved in controlling cell division
and differentiation, showed significantly higher methylation
levels of their promoters in UCC cells when compared to normal
cervical tissues (50,51). Finally, the RARf gene, which is usually
expressed in normal epithelial tissue, acts as a tumor suppressor
when interacting with its ligand to inhibit cell migration (52).

In some cases, an inverse situation is observed in which
activation of oncogene expression by demethylation of its
promoters contributes to cervical carcinogenesis. For example,
serine/threonine kinase 31 (STK3/) gene expression has been
shown to be regulated by demethylation of its promoter and
serves a crucial role in several types of cancer, increasing migra-
tion and invasiveness without altering the proliferation of cancer
cells (53). The STK31 gene promoter was found to be hypometh-
ylated in the SiHa cell line positive for high-risk HPV 16, and in
the CaSki and HeL a cell lines positive for high-risk HPV 18, and
its expression was increased at both the mRNA and protein level.
In contrast, the STK3] promoter was hypermethylated, which
resulted in silenced expression in the C33A and HT-3 cell lines,
both of which are derived from UCC, but are HPV-negative. It is
hypothesized that the E7 oncogene of high-risk HPVs activates
the expression of STK31 by promoting the demethylation of
its promoter, causing overexpression of this gene, leading to an
increase in the invasive capacity of cancer cells (53). In addition,
the analysis of the methylation patterns of region 1 of the human
telomerase reverse transcriptase (W”TERT) gene from 93 posi-
tive samples and 15 distinct HPV types revealed differences in
methylation patterns of this gene for different viral genotypes.
A positive association was identified between high-risk HPVs of
the o7 and 09 subtypes, and absence of methylation of the A”TERT
gene promoter, indicating that it was being expressed (54).

HPV genome methylation. Studies have shown that epigenetic
changes in the HPV genome, particularly methylation, not only
serves an important role in the replicative cycle of the virus,
but also in the progression of low- and high-grade cervical
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intraepithelial lesions in HPV-associated invasive cancer (55,56).
It has been found that methylation of CpG islands of the E2
viral protein binding site, located in the LCR viral genome and
promoters of the late genes, may abolish the E2 regulatory func-
tion or silence the expression of the L/ and L2 late genes, thus
contributing to HPV-induced carcinogenesis (55). It has also
been observed that LCR methylation is more frequent in UCC
than in cervical intraepithelial neoplasia (CIN). In addition, it
was found that the hypermethylation of CpG islands of LCR of
the PV16 increases with the severity of cervical lesions, being
significantly higher in invasive cancer (57).

High-risk HPV-induced carcinogenesis is primarily caused
by the overexpression of the E7 and E6 viral oncoproteins
after integration of the viral DNA into the host cell genome
and concomitant loss of the E2 viral protein regulatory func-
tion, due to rupture and inactivation of that £2 gene that occurs
during integration. Therefore, the viral genome in most of the
UCC cells is in the integrated form (58). However, in part of
the tumor cells, the viral genome is found in the episomal
form, but presents with methylated promoters. This is due to
the fact that the methylation of the E2BS site of the LCR of the
viral genome prevents binding of the E2 protein to its target
sequence, preventing its regulatory action. This leads to over-
expression of E6 and E7 viral oncogenes, creating a condition
similar to what occurs after integration of viral DNA into the
cell genome, and also resulting in carcinogenesis (14,58).

The analysis of LCR methylation levels of three different
high-risk HPV types (16, 18 and 45) in 137 samples of UCC
tissues positive for HPV revealed that HPV16 showed a higher
methylation density in all CpG islands of the LCR. The pres-
ence of intact E1 and E2 was associated with higher levels of
methylation on all CpG islands of both HPV16 and HPV18.
E1 and/or E2 gene rupture was observed more frequently in
the genomes of HPV18 and HPV45, compared with HPV16.
E1 gene rupture was more frequent in HPV16, whereas E2
gene rupture was more frequent in HPV18. A positive associa-
tion was found between higher methylation levels of the LCR
and absence of disruption of E/ or E2 genes for HPV 16 and
18. HPVs 18 and 45 are highly phylogenetically related, and
showed similar levels of methylation, with the same being
observed in relation to E2 gene rupture (13).

Methylation levels of the HPV genome, particularly in the
late L1 and L2 genes, vary during the viral replication cycle, as
well as during the different stages of HPV-associated cervical
lesions (55). Methylation of the LCR seems to be correlated
with persistent infection, as when it is demethylated, the E1
and E2 proteins bind to the origin of replication and initiate
viral replication (59,60). The E2 protein acts during the
productive cycle of the infection, activating the duplication
of viral DNA and synchronizing the DNA duplication of the
virus with the cell DNA to guarantee the passage of a copy
of the viral genome to the daughter cells during cell division.
In persistent infection, the E2 protein is expressed in the
suppressor isoform (E8AE2), which functions as a negative
regulator of viral replication, since it represses the expres-
sion of early genes, particularly E6 and E7 (58,60). Both E2
activities are affected by hypermethylation of its binding site,
E2BSs located in the LCR of the viral genome (61).

Evidence indicates that hypermethylation of the L1 late gene
of HPV16 is associated with a greater likelihood of developing
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persistent infection. A recent study compared the methylation
status of the L/ gene from HPV 16 samples isolated from
women with transient and persistent infection. It was revealed
that the methylation status of the viral genome at position
5,962, corresponding to the L/ gene was significantly higher in
samples of the virus isolated from women with persistent infec-
tion compared with those isolated from women with transient
infection. This suggests that hypermethylation of the L/ gene
of HPV16 is associated with viral persistence (62). A similar
result has also been reported in another study, in which a high
level of methylation was found in several CpG islands of the L/
gene of HPV16 and this condition was shown to be associated
with an increased risk of persistent infection by HPV16 (63).

It was found that the degree of L/ gene methylation of HPV
16, 18 and 52 is associated with the severity of cervical lesions
associated with high-risk HPV genotypes. In addition, it was
found that the methylation of the L/ gene promoter of HPV 16
and 18 was positively correlated with the degree of methyla-
tion of the host genes, such as PAX] and SOXI (64). PAX1 is
a tumor suppressor that regulates cell division and differentia-
tion, methylation and silencing of which is strongly associated
with the progression of premalignant lesions to UCC (65).
SOXI is a tumor suppressor that is related to cell division
and differentiation, and it is also associated with cell growth
and invasion in UCC by interfering with the Wnt-f-catenin
pathway. Therefore, the silencing of PAX/ and SOXI by meth-
ylation of their promoters favors tumor development (66).

A study found that CpG island methylation was signifi-
cantly more prevalent in the L/ gene promoter than in the
LCR of the HPV 16, 18 and 51 genomes. The intensity of DNA
methylation in the HPV 16 gene promoter L1 was correlated
with the severity of cervical injuries (56,67). Methylation was
detected in 13 CpG islands of the L/ gene of HPV 16, with
a gradual increase in methylation density proportional to the
severity of the lesions. This suggests an association between
L1 gene methylation and viral persistence, contributing to the
progression of pre-malignant lesions to cervical cancer (63). It
was found that the methylation density of the CpG islands of the
L1 gene promoters of HPV16 and HPV18 increased according
to the severity of lesions. Methylation of the CpG islands at
position 5,608 of the L/ gene of HPV16 was associated with all
degrees of cervical intraepithelial lesions, whereas methyla-
tion of CpG islands at position 5,617 was shown to be more
strongly associated with invasive cancer (68).

In a recent case-control study, the degree of methylation of
CpG islands within the late L/ and L2 gene promoters of 12
different types of high-risk HPVs was evaluated in a total of
30 cases of precancerous lesions and 30 control HPV-infected
cases without precancerous lesions. It was found that the meth-
ylation density of L/ and L2 genes was positively correlated
with the presence of grade-3 CIN and in situ adenocarcinoma
for all 12 HPV types tested. The authors concluded that meth-
ylation of HPV DNA is a general phenomenon that marks the
transition from HPV infection to pre-malignant lesions and
proposed the development of a combined multiple-methylation
assay that could be used as a screening test for HPV-positive
women to evaluate the risk of lesion progression (69).

Histone modifications. In general, transcriptionally active
genes are characterized by promoters with dinucleotides and

nucleosomes with their unmethylated CpG islands. However,
DNA methylation does not only affect gene expression, as
epigenetic regulation of gene expression can also be influenced
by histone modifications and remodeling of nucleosomes (70).
Post-translational modifications of histone tails, such as
acetylation, methylation, phosphorylation, sumoylation and
ubiquitination affects the physical state and the transcriptional
competence of the chromatin. These changes in chromatin
are crucial in regulating cellular processes, including stem
cell maintenance, cell differentiation and cell fate, as well as
cell cycle control and epigenetic heritability of transcription
programs (11,71).

Reduction of the levels of histone acetylation serves an
essential role in the neoplastic process through the epigenetic
silencing of tumor suppressor genes. Thus, inhibition of histone
deacetylase enzymes (HDACs) has become a promising
approach in cancer therapy (72). Transcriptionally active genes
generally have high histone acetylation levels marked by low
levels of trimethylation of lysine residues of certain histones,
as well as histone H2B ubiquitylation. In contrast, transcrip-
tionally inactive genes are characterized by low acetylation
levels and high lysine trimethylation levels of certain histones
and histone H2A ubiquitylation (73). Histone modifications
and other modifications of chromatin components are revers-
ible and regulated by the action of enzymes termed ‘writers’,
which are responsible for modifications such as histone acet-
yltransferase (HATS), histone methyltransferases, and histone
ubiquitinase, and the ‘erasers’, which can revert those changes,
including that of HDACsS, histone demethylases, and histone
deubiquitinases (73,74).

The levels of HDACI0 expression were significantly lower
in patients who had UCC lymph node metastasis compared
with those without metastases. Overexpression of HDACI10
in tumor-derived cells significantly inhibited cell motility
and metastasis. HDAC10 mechanistically reduces the histone
acetylation of the promoter regions of the MMP2 and 9 genes
by suppressing the expression of these genes and preventing
enzyme production, thus maintaining adherence between cells.
Therefore, the reduction in HDACI0 expression enhances
histone acetylation and the transcriptional activation of the
MMP?2 and 9 genes, in-turn promoting cell mobility, which
favors invasion and metastasis of cancer cells (75).

The regulation of HPV gene expression is strongly influ-
enced by histone modifications caused by both methylation
and acetylation, but differences are observed in relation to the
position of the lysine residues, which is acetylated according
to the presentation form of the viral genome in the host
cells. Important changes in histones, such as methylation
and acetylation at positions H3 lysine 27, H3 lysine 9 and H4
lysine 20 contribute significantly to the regulation of HPV
gene expression and an increase in the neoplastic progression
process as the cell phenotypically progresses from a healthy
state to cancerous during carcinogenesis induced by both the
episomal form and the integrated form of the virus. However,
trimethylation markers of H3 lysine 27 and trimethylation H3
lysine 9 decrease with neoplastic progression in carcinogen-
esis mediated by the integrated form of the virus (11,76,77). In
normal cells, the balance between HDACs and HATs means
that cell death and uncontrolled proliferation are kept under
control. However, in the case of UCC, which is mediated by
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HPYV, the presence of the E6 and E7 viral oncoproteins upsets
this balance between HDACs and HATS, resulting in uncon-
trolled cell growth and proliferation of cancer cells (6,78).

In HPV-induced carcinogenesis, several regulatory mecha-
nisms for the transcription of cellular and viral genes are
controlled by histone modifications (11). Amongst the major
cellular genes involved in this process, the TP53 and RB tumor
suppressor products (p53 and pRB proteins) are the primary
targets of the E6 and E7 viral oncoproteins, respectively (79).
Both tumor suppressors genes target a wide range of genes
and cellular mechanisms involved in multiple biological
processes including cell cycle arrest, DNA repair, apoptosis,
metabolism, autophagy and feedback mechanisms (80,81). It
has been shown that the high-risk HPV E6 protein association
with the Myc transcription factor of the cell triggers the trans-
activation of the h”TERT gene promoter by modulating histone
modifications through phosphorylation, thereby resulting in
increased production of the telomerase enzyme of the infected
cell, which contributes to immortalization, thus increasing the
risk of developing HPV-associated cancer (82).

Analysis of tumor suppressor genes, such as RARf[2,
E-cadherin and B-catenin in UCC tissues showed that their
promoters are deacetylated and that lack of acetylation causes
reduced or absent expression of these three genes, and this favors
the development of tumor metastasis. Treatment with HDAC
inhibitors, such as all-trans retinoic acid (ATRA) combined
with suberoylanilide-hydroxamic acid (SAHA) increased the
enrichment of acetylated histones in the promoter region of
the genes. The agonists of RARB2 and valproic acid (VPA)
significantly restored expression of RARP2 via epigenetic
modulation. The VPA and ATRA combination showed addi-
tional antitumor effects, reactivating expression of RARf2,
E-cadherin, P21CIP1 and P53, and reducing the expression
levels of the STAT3 gene, which activates the transcription of
genes that promote cell proliferation and tumor cell survival.
These results suggest that treatment with HDAC inhibitors and
RARp2 agonists may represent a novel approach for treating
UCC (72).

Histone modifications are unevenly distributed throughout
the HPV16 genome in both UCC cells and keratinocytes
immortalized by HPV16. For example, H3K36me3 and
H3K9Ac, which are the most frequent modifications in cellular
genes, are more common in the early region of HPV16, whereas
the H3K9me3, H4K20me3, H2BK5mel and H4K16Ac modi-
fications are more frequently observed in the late region. In
addition, a region harboring the early polyadenylation signal of
the HPV16, pAE, exhibited high levels of histone H3 acetyla-
tion. Treatment with HDAC inhibitors increased the expression
of early and late HPV16 mRNAs by 2-8x in cancer cells and
immortalized keratinocytes, with a simultaneous increase of
acetylated histone levels in both the host cell DNA and in the
HPV16 genome (83).

Analysis of HDAC3 expression in specimens of normal
cervical tissue, moderate (grade 2) and severe (grade 3) CIN and
UCC showed that the expression of HDAC3 was significantly
higher in the cancerous tissues compared with those of normal
tissues, or CIN2 and CIN3. This suggests HDAC3 may serve an
important role in the course of UCC carcinogenesis (84).

The E6 protein of high-risk HPVs can degrade p53,
activate telomerase and stimulate the expression of several
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cell oncogenes (10). Evidence shows that E6 of the HPV16
physically interacts with histone H3K4 demethylase KDMS5C,
promoting its E6AP proteasomal degradation in an E3
ligase-dependent manner (85). CaSki cells, cancer cells posi-
tive for HPV 16, exhibit lower KDMS5C levels than cancer cells
that are negative for HPV. It has been shown that the CaSki
cells contain enhancers in super-EGFR and the c-MET onco-
gene, and that KTMS5C overexpression reduces the effects of
these super-enhancers and expression of these oncogenes. It
is hypothesized that this phenomenon is due to modulation
of H3K4me3 and H3K4mel dynamics, as well as decreased
transcription of the super-enhancers since deletion of KDMS5C
or E6 of the HPV16 activates these two elements. These results
suggest that epigenetic activation of the E6-mediated cell
genome results in the expression of important oncogenes, such
as EGFR and ¢c-MET (85).

4. The role of ncRNAs in HPV-induced UCC

NcRNAs are single-stranded RNA transcripts that, in general,
do not encode proteins, although certain transcripts have been
shown to possess protein or peptide-coding potential. NcRNAs
are divided into three classes: miRNAs, long non-coding
RNAs (IncRNAs), and circular non-coding RNAs (circRNAs).
These transcripts are emerging as major players in tumorigen-
esis, due to advances in biotechnology and high-throughput
sequencing that have enabled functional studies of these
transcripts, providing a novel perspective in the understanding
and potential treatment of cancer (86). The ncRNAs can be
transported via vesicles called exosomes released by almost all
types of cells, and can act as transport vehicles for molecules,
including viral proteins and genetic material, such as ncRNAs,
which can affect distant receptor cells, triggering inflamma-
tory processes (87).

Regarding UCC, the process of carcinogenesis is triggered
by persistent infection with high-risk HPV and occurs through
a gradual progression from precursor lesions to invasive
cancer (88). Evidence obtained from studies performed on
tumor tissues and tumor-derived cell lines show that the aber-
rant expression of ncRNAs serves critical roles in the onset
and progression of the disease (89). They can affect signaling
pathways, such as E6-p53, E7-pRb, PI3K-Akt, Notch and
Wnt-f-catenin, amongst others. Thus, ncRNAs can serve as
biomarkers or therapeutic targets, and may possess value for
use in clinical practice (90,91).

Tumor cells develop epigenetic mechanisms that allows
them to acquire novel capabilities, such as resistance to apop-
tosis, increased proliferation, immune modulation, migration,
survival, vascularization and invasion through the deregula-
tion of cell signaling pathways, thereby creating advantageous
conditions for cancer development (92). One of the bases of
these mechanisms is the expression of miRNAs, which regu-
lates the expression of genes at both the mRNA and protein
levels, degrading target mRNA and/or silencing their transla-
tion. Several deregulated miRNA encoding genes are involved
in the initiation, progression and metastasis of various types of
tumors (93,94).

miRNAs. The process of tumorigenesis, including cervical
carcinogenesis induced by high-risk HPVs, can be influenced
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by positive or negative regulation of both cellular and viral
genes mediated by miRNAs (95). The increased expression
of certain miRNAs serves a critical role in the initiation
and progression of UCC, since they positively regulate the
proliferation, mobility and invasiveness of cancer cells, whilst
inhibiting apoptosis and cell adhesion. These transcripts are
involved in the inactivation of tumor suppressor genes or in
the activation of cellular or HPV oncogenes, with particular
activity on transcription factors involved in the expression
of target genes. These miRNAs are upregulated in UCC and
in cell lines derived from UCC, due to the action of viral
oncoproteins (96).

In cells infected with high-risk HPVs, miRNAs regulated
by tumor suppressor genes, particularly TP53 and RB, have
protective functions against UCC, and act to control the cell
cycle, repair to DNA damage, senescence and apoptosis of
the infected cells. Thus, certain miRNAs, including miR-23b,
miR-34a, miR-107, miR143 and miR-206, expression of which
is increased by the tumor suppressor cellular protein p53, are
downregulated in UCC, due to the degradation of this protein
by the action of the viral oncoprotein E6 (97-99). On the other
hand, miR-15 and miR-16, whose expression is activated by
cellular protein pRB, is also downregulated in UCC due to
the degradation of this tumor suppressor protein by the action
of the E7 viral oncoprotein (100,101). The negative regulation
of these miRNAs by both mechanisms contributes to tumor
initiation and progression (Table I; Fig. 2).

The HPV-16 E6 oncoprotein, by degrading p53 in infected
cells, can cause aberrant methylation and contribute to the
development of UCC, as E6 positively regulates the DNMT]
gene. It was seen that miR-23b, which has tumor suppressor
action, is silenced in cells derived from UCC due to the meth-
ylation of its promoter. miR-23b targets the c-MET oncogene,
silencing the gene that encodes this transcript increases
c-MET expression, which favors tumor initiation and progres-
sion (97). miR-34a and miR-206 acts as a tumor suppressor in a
p53-dependent manner, repressing the expression of the BCL2
gene, leading to the induction of apoptosis and the suppression
of the c-MET oncogene and preventing its transforming action.
However, in the high-risk HPV-infected cells, the E6 protein
degrades p53 and reverses the protective effects of these two
miRNAs, which results in the inhibition of apoptosis of the
infected cell, in addition to activating the c-MET oncogene.
The positive regulation of Bcl2 and ¢c-MET promotes the
progression of precancerous cervical lesions to UCC (98).

The Musashi 2 RNA-binding protein encoded by the MSI-2
gene is highly expressed in UCC and presents an inverse
relationship with the expression of miR-107 and miR-143.
The Musashi 2 protein binds to the oncogene c-FOS mRNA,
increasing the expression of the c-FOS protein, which is
associated with increased proliferation, invasiveness of tumor
cells, and lower patient survival. miR-107 and miR-143 directly
target the MSI-2 gene, whose expression can be inhibited by
the presence of the functional p53 protein. However, the degra-
dation of p53 by the viral E6 protein neutralizes the tumor
suppressing action of these miRNAs (99). The low expres-
sion of miR-143 is also associated with increased expression
of the GOLM1 gene encoding Golgi phosphoprotein 2, and
this condition results in increased proliferation, migration
and invasion of tumor cells. This is due to the absence of the

p53 function, which prevents the tumor suppressor action of
miR-143 on GOLMI expression (102).

Under normal conditions, miR-139-3p acts by inhibiting the
expression of HPV16 oncogenes, whose products, the oncopro-
teins E6 and E7, target the cellular proteins pl6, p21 and p53.
The silencing of these viral genes by miR-139-3p maintains
cell cycle arrest in the G2-M phase, inhibits proliferation and
migration, and induces apoptosis of cells infected by HPV16.
Increased DNA methylation of the promotor of miR-139-3p
harboring the gene PDE2A was observed in HPV-16-positive
tissues and cancer cell-lines (103).

miR-218 is downregulated in UCC, presenting an inverse
correlation between the expression of miR-218 and expres-
sion of the DCUNIDI gene that encodes the cancer-related
DCUNIDI protein and the SFMFBTI gene, both with a
tumorigenic role. The increased expression of SFMBT1
induced epithelial-mesenchymal transition and increased
the migration and invasiveness of cancer cells, while the
increased expression of DCUNI1DI increased the prolifera-
tion, migration and invasiveness of these cells, but did not
induce epithelial-mesenchymal transition. The HPV16 E6
protein inhibited the expression of miR-218 in UCC, and
restoration of miR-218 reversed the effects of E6 in activation
the expression of SFMBTI and DCUNIDI (104). In another
study, it was found that downregulation of miR-218 results
in overexpression of the /DOI gene, which encodes the
enzyme indoleamine 2,3-dioxigenase 1, which is associated
with inhibition of Caspase-3 and apoptosis. Furthermore,
this enzyme activates the JAK2/STAT?3 signaling pathway,
which leads to increased expression of immune factors,
such as TGF-B, VEGF, IL-6, PGE2 and COX-2, increasing
the viability of tumor cells, which favors tumor progres-
sion (105).

The miR-15/16 family members, including miR15a,
miR-15b, miR-16-1 and miR-16-2 act as tumor suppressors,
promoting the arrest of the cell cycle via a pRB-dependent
mechanism, which results in inhibition of the expression of
cyclins A and E. These cyclins are necessary for the activa-
tion of E2F, a key transcription factor that activates the genes
that promote cell cycle progression (100). The low expression
of miR-15a-5p was observed in cervical cancer tumor tissues
with distant metastases and in cervical cancer cell lines.
Upregulation of miR-15a-5p suppressed the viability, migration
and invasion of tumoral cells. The oncogene yes-associated
protein 1 was confirmed to be a target of this miRNA (101).
However, the E7 protein of the high-risk HPVs neutralizes
the protective functions of these transcripts, preventing their
expression through the degradation of cellular pRB. In addi-
tion, E7 is also capable of directly inducing the expression
of cyclins A and E, thus promoting the progression of the
cell cycle (106,107). miR-15 and miR-16 also possess tumor
suppressor functions in UCC, as they induce the silencing of
the TCF3 gene that encodes a transcription factor involved in
the activation of proliferation, migration and invasion of the
cancerous cells in this tumor (108).

Certain miRNAs are upregulated in UCC, acting by
silencing tumor suppressor genes or activating oncogenes
(Table II). miR-20b is upregulated in cells derived from UCC
through the action of the HPV E6 oncoprotein, whereas the
tissue inhibitor of metalloproteinase 2 (TIMP-2), which is a



Table I. Downregulated tumor suppressor miRNAs in UCC.
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First author, year miRNA Activator  Target gene Physiolgocial function (Refs.)
Yeung et al,2017  23b p53 SIX1 Affects AKT/mTOR signaling pathway as well as progress (CH)
of epithelial-mesenchymal transition.
Chen et al, 2017 34a pS53 WNT- Inhibition of the exchange of E-P cadherin, interfering in the  (98)
WNT-p-catenin pathway.
Dong et al,2017 107 p53 MCLI Suppression of MCL1 expression, affecting ATR/Chk1 (99)
signaling path.
MSI-2 Inhibition of MSI-2 expression, which product promotes
cell cycle progression.
Dong et al,2017 143 p33 GOLM1 Inhibition of GOLM1 gene expression, responsible for (99)
encoding protein 1 in the Golgi membrane.
MSI-2 Inhibition of MSI-2 expression.
Chen et al, 2017 206 p53 G6PD Suppression of glucose-6-phosphate dehydrogenase gene (98)
expression.
Ofir et al, 2011 15a-5p pRB  YAPI Inhibits YAPI oncogene expression, increases apoptosis, (100)
and reduces tumor cell migration and invasion.
Ofir et al, 2011 16-1 pRB  CCNEI Post-transcriptionally suppression of the CCNEI gene (100)
expression, which product promotes cell cycle progression.
Chen et al, 2017 34a PRB E2F3 Repression of BCL2 gene expression, inducing apoptosis. (98)
Sannigrahi et al, 139-3p - E6 and E7 HPV Inhibition of HPV16 E6 and E7 oncogenes expression. (103)
2017
Jiang et al, 2016 218 - SFMFBTI Inhibition of SFMFBTI gene expression, which induces (104)
epithelial-mesenchymal transition and increases migration
and invasion of tumor cells.
DCUNIDI Inhibition of DCUNIDI gene expression, the product of

which increases proliferation, migration and invasion, but
does not induce epithelial-mesenchymal transition.

UCC, uterine cervix cancer; miRNA, microRNA; HPV, human papillomavirus.

metastasis suppressor, has been identified as a novel target of
miR-20b and showed an inverse correlation with this miRNA.
Overexpression of miR-20b resulted in morphological changes
in the cells and induced epithelial-mesenchymal transi-
tion. The treatment of cancer cells with miR-20b inhibitors
decreased the migration and invasion of these cells. TIMP-2
has been shown to be regulated in an E6-dependent manner.
This suggests that miR-20b is activated by the viral protein E6,
and inhibits TIMP-2 expression thus increasing the invasive-
ness of cancer cells (109).

The E7 protein of high-risk HPVs also serves an oncogenic
role by directly activating the expression of tumor-inducing
miRNAs, such as miR-21-5p, which induces angiogenesis
and tumor growth in UCC, as well as increasing invasion and
metastasis of tumor cells (110). The von Hippel-Lindau tumor
suppressor gene (VHL) has been identified as a direct target
of miR-21-5p, and VHL knockout results in abolishment of
the inhibitory function of miR-21-5p, and increases prolif-
eration and metastasis of UCC derived cells. This shows that
miR-21-5p acts as a tumor promoter in UCC through nega-
tive regulation of the expression of VHL (111). In addition,
miR-21-5p positively regulates the expression of TNF-a, which

promotes tumorigenesis (112). E7 also upregulates miR-27b,
which inhibits the expression of the tumor suppressor gene
polo-type kinase-2, resulting in increased proliferation and
inhibition of apoptosis of cancer cells (113).

E7 is able to positively regulate the expression of miR-203
and miR-323, which exhibit tumor-inducing functions. miR-203
increases the expression of the TP63 gene, which encodes p63,
and miR-323 increases the expression of the APPLI gene
that encodes an adapter protein, and both proteins posses
tumorigenic properties (114). p63 is a transcription factor and
a member of the same family as p53. Two isoforms of this
protein have been identified, one with a normal transactivation
domain and another, ANp63 with a truncated transactivation
domain, and thus has an opposite function to that of p53,
showing carcinogenic activity (115). miR-203 and ANp63
showed higher levels of expression in cervical tissues obtained
from UCC compared with premalignant cervical lesions.
This suggests that miR-203 acts as an oncogene in UCC by
activating ANp63 expression (116). miR-323 also acts as an
oncogene in UCC by activating the transcription of the APPL1
gene, which encodes an adapter protein associated with tumor
cell proliferation and migration (114).
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Figure 2. Role of HPV oncoproteins in regulation of miRNAs. Viral oncoproteins E6 and E7 may also serve a role in cervical carcinogenesis by regulating the
expression of miRNAs that function as tumor suppressors, by inhibiting the functions of tumor suppressor cell proteins, such as p53 and pRB. By abolishing
the functions of the cellular proteins p53 and pRB, viral proteins E6 and E7 prevent these two cellular proteins from activating the expression of protective
miRNAs against UCC, thus preventing inhibition of the transcription of cellular oncogenes associated with tumor initiation and progression. In addition, E6
and E7, acting either alone or together, can also directly activate the expression of tumor-inducing miRNAs which increases expression of oncogenes or inhibits
the expression of tumor suppressor genes. This results in increased proliferation, immortalization, progression and invasion of tumor cells. UCC, uterine cervix

cancer; HPV, human papillomavirus; miRNA/miR, microRNA.

The expression levels of miR-203 and miR-323 are upreg-
ulated in cells derived from UCC and are positively correlated
with the expression of the mRNA levels of oncoprotein E7
of HPV16. The positive correlation between E7 and miR-323
expression is more evident when the virus is in the episomal
form, whereas for miR-203 this correlation is more evident
when the virus is in its integrated form. This indicates that the
HPV16 E7 oncoprotein increases the expression of miR-203
and miR-323, which contribute to HPV 16-induced carcino-
genesis. On the other hand, the expression of miR-181c is
downregulated in HPV-16 positive UCC only when the virus
is in its episomal form, and it is negatively correlated with the
expression of the CKSIB gene, which regulates G2/M transi-
tion (117). The suppression of CKS/B promotes dysregulation
of the cell cycle and prevents the repair of DNA damage,
which results in the accumulation of mutations generating
genomic instability and contributes to the transformation
of the cell and acquisition of a malignant phenotype (118).
A summary of the primary miRNAs regulated by the viral
oncoproteins and their respective mechanisms of action is
presented in Fig. 2.

The group of miRNAs with increased expression in cells
derived from UCC are associated with a greater risk of disease
initiation and progression, and are considered UCC-inducing
miRNAs. Bioinformatics analysis revealed that miR-106b-5p
could modulate the expression of GSK3B, VEGFA and PTK2
genes, all of which have an important role in the PI3K-Akt
signaling pathway (119). In addition, miR-106b increases migra-
tion of cancer cells by inhibiting the expression of the DAB2 gene,
resulting in TGF-B1-mediated induction of metastasis (120).

The expression of miR-125a-5p is upregulated in cells
derived from UCC, whereas the protein expression levels of
microtubule-1 affinity regulating protein kinase (MARKI) were
decreased. The UCC-derived HeLLa and C-33A cell lines exhib-
ited increased migration after transfection with miR-125a-5p

mimics and the migration of these cells was also increased by
inhibiting the expression of the MARK gene. These results show
that miR-125a-5p acts as a tumor inducer in UCC, targeting the
MARK] gene, expression of which is inhibited by miR-125a-5p,
thus favoring the migration of tumor cells (121).

miR-135b functions by silencing the tumor suppressor gene
FOXOI, which encodes a transcription factor that controls
the progression of the cell cycle. This condition favors the
proliferation of cancer cells (122). miR-141-3p is associated
with proliferation, epithelial-mesenchymal transition, tumor
growth and invasion with lymph node metastases. miR-135b
functions by targeting and silencing the tumor suppressor gene
FOXA2, whose product is a transcription factor that controls
these cellular processes (123). miR-150-5p is upregulated in
cells derived from UCC, and is negatively correlated with
the expression of the gene encoding SRC kinase signaling
inhibitor 1 (SRCINI). Overexpression of SRCINI inhibits
proliferation and epithelial-mesenchymal transition of cancer
cells triggered by miR-150-5p mimics, and increases apoptosis
of cervical carcinoma cells. These results show that miR-150-5p
promotes cell proliferation and epithelial-mesenchymal transi-
tion through silencing SRCINI (124).

miR-155-5p is upregulated UCC tissues compared with
normal tissues, and is inversely correlated with the expres-
sion of the tumor suppressor TP53INPI. Transfection of
miR-155-5p inhibitors decreased proliferation, migration and
invasion of cancer cells in vitro, whereas miR-155-5p mimics
had the opposite effect. Knockdown of TP53INPI mimicked
the effects of miR-155-5p on the activation of proliferation,
migration and invasion of tumor cells, whereas overexpression
of TP53INPI reversed these effects. These results show that
miR-155-5p functions as an oncogene in UCC by inhibiting
the expression of the tumor suppressor TP53INPI (125).

miR-181a-5p inhibits apoptosis and increases prolifera-
tion and invasion of cancer cells by negatively regulating the
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Table II. Upregulated tumor-inducing miRNAs in the UCC.

First author, year miRNA Activator Target gene Function in cells derived from the UCC (Refs.)

Cheng et al, 2017 20b E6-HPV  TIMP2 Induces production of matrix metalloproteinases (109)
and increases migration and invasion of tumor cells.

Kong et al, 2015; 21-5p E7-HPV VHL Inactivation of VHL tumor suppressor gene, promoting  (110,111)

Caietal, 2018 proliferation and metastasis of tumor cells.

Liu et al, 2016 27b E7-HPV PLK2 Inhibition of polo-like kinase-2 tumor suppressor gene, (113)
increasing proliferation and inhibiting apoptosis.

Ding et al, 2014, 203 E7-HPV TP63 Activation of TP63 expression, which encodes an (114-116)

Park et al, 2019; isoform of this protein, ANp63 without the

Coimbra et al, 2016 transactivation domain, which exhibits tumor-inducing
function.

Ding et al, 2014 323 E7-HPV APPLI Activation of APPL1 gene expression, which encodes (114)
an adapter protein, both with tumorigenic properties.

Cheng et al, 2016 106b - DAB?2 Inhibition of DAB2 gene expression, increasing the (120)
potential of TGF-f1 to induce cancer cell metastasis.

Natalia et al, 2018 125a-5p - MARK] Inhibition of MARK]I gene expression and (121)
phosphorylation of associated proteins favoring
cell migration.

Xuetal, 2015 135b - FOX0l1 Silencing of FOXOI gene, which encodes a transcription ~ (122)
factor that controls the progression of the cell cycle.

Lietal, 2018 141-3p - FOXA2 Silencing of the FOXA?2 gene, which controls (123)
proliferation, epithelial-mesenchymal transition, tumor
growth, and metastatic invasion.

Zhu and Han 2019 150-5p - SRCIN1 Promotes cell proliferation and epithelial-mesenchymal (124)
transition by silencing SRCIN1, an inhibitor of these
processes.

Lietal, 2019 155-5p - TP53INP1  Inhibition of TP53INP1, a tumor suppressor gene, which (125)
controls proliferation, migration and invasion of tumor
cells.

Yang et al, 2018 181a-5p - INPP5A Inhibition of apoptosis and increases proliferation and (126)
invasion of cancer cells by silencing the INPP5A gene
that controls these processes.

Farzanehpour 192 - CDH1 Increases expression of ZEB1 and ZEB2, which (127)

etal, 2019 inhibits the expression of CDH1 gene, the gene
encoding E-cadherin.

Hou et al, 2014 196a - FOXOI1 and Silencing of FOXOI and p27Kipl genes, the products (128)

p27Kipl of which act as inhibitors of the PI3K/Akt pathway, thus

increasing cell proliferation.

Chu et al, 2014 590-5p - CHLI Silencing of the CHLI gene reducing the production of a  (131)

molecule, increasing mobility, and invasion of tumor
cells.

UCC, uterine cervix cancer; miRNA, microRNA; HPV, human papillomavirus.

INPP5A gene that encodes the enzyme inositol polyphos-
phate-5-phosphatase A, which is involved in the activation
of several cellular processes (126). High levels of miR-192
in the serum and tissues of patients with HPV positive UCC
HPV has been suggested as a possible diagnostic biomarker.
miR-192 functions by binding to the inhibitors of transcription

factors of E-cadherin, ZEB1 and ZEB2, promoting the activa-
tion of these transcription factors, thus reducing the expression
of the CDHI gene, which encodes E-cadherin. The reduction
in E-cadherin expression decreases the adhesion between
cells, favoring cancer cell mobility and the formation of
metastases (127).


https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436

12

DA SILVA et al: EPIGENETIC CHANGES IN CERVICAL HPV-INDUCED CARCINOGENESIS

GSK3B
miR-106b VEGF
PTK2

@—» E6and E7

‘—1 I FOXO1 I—» | PI3K/AKT |
miR-

SRCIN1

l

1 Risk of UCC

miR-
TP53INP1
INPPS
e

Figure 3. Role of miRNAs in induction of cervical carcinogenesis. Certain miRNAs possess tumor-promoting functions in UCC by increasing the expression
of both HPV and host cell oncogenes, or inhibiting the expression of tumor suppressor genes. In cells derived from UCC, expression of these miRNAs is
upregulated, together with the viral and cellular oncogenes controlled by these transcripts, whereas the target tumor suppressor genes of these miRNAs is
downregulated in these cells. This positive regulation of viral or cellular oncogenes, and the inhibition of the expression of tumor suppressor genes, results
in increased proliferation, immortalization, progression and invasion of tumor cells. UCC, uterine cervix cancer; HPV, human papillomavirus; miRNA/miR,

microRNA.

Expression levels of miR-196a are significantly increased
in tissues and cell lines derived from UCC compared with
the corresponding normal tissue. The positive regulation
of miR-196a is associated with advanced stage tumors and
low overall survival rates of patients. Positive regulation of
miR-196a increased G1/S phase transition and the prolifera-
tive capacity of cancer cells, whereas forced suppression of
miR-196a had the opposite effect. This transcript has been
shown to act as a tumor inducer in UCC by inhibiting the
expression of the FOXOI and p27Kipl genes, whose products
inhibit the PI3K/Akt signaling pathway. Furthermore, the
negative regulation of these transcription factors by miR-196a
leads to the activation of this pathway, increasing cell prolif-
eration and favoring the development of the tumor (128).
However, it was shown that the gene encoding miR-196a-1
exhibits higher levels of methylation in cells derived from
UCC, compared with premalignant lesions. Treatment with a
demethylating agent reactivated the expression of miR-196a
in SiHa, HeLLa and CaSki cells, all of which are derived
from UCC. In addition, expression levels of miR-196a-1
were negatively correlated with methylation levels in clinical
samples. It has been shown that miR-196a-1 targets the
AT-Hook 1 gene of the High Mobility Group, which encodes
a protein capable of modulating transcription by altering the
chromatin architecture. This suggests that the silencing of
miR-196a-1 gene by methylation from its promoter increases
HMGBI expression, and may contribute to carcinogenesis in
UCC (129).

miR-466 acts as an oncogene, possibly serving a role in
increasing the expression of viral oncogenes. Bioinformatics
analysis showed that this transcript was homologous to
the LCR of the genomes of HPVs 16 and 18. High levels of

miR-466 expression are strongly correlated with the progres-
sion and invasive capacity of cancer cells, and is associated
with lymph node metastases and reduced patient survival (130).
miR-590-5p also acts to promote cervical carcinogenesis
by targeting the CHLI gene, which encodes an adhesion
molecule. Negative regulation of CHLI by miR-590-5p results
in an increase in the proliferative and migratory capacity
of cancer cells, and inhibits differentiation and apoptosis of
these cells (131). A summary of the primary miRNAs with
tumor-inducing functions and their likely mechanisms of
action are presented in Fig. 3.

The expression of certain miRNAs are reduced in UCC
cells, suggesting that these transcripts under normal condi-
tions exert protective functions against the tumor and act
by negatively regulating the expression of oncogenes or by
increasing the expression of tumor-suppressor genes. However,
this function can be abolished by mechanisms triggered by
viral oncoproteins (132). MiRNAs with tumor-suppressive
function target cellular genes, particularly transcription factors
involved in regulation of the cell cycle, proliferation and inva-
sion of cancer cells, which are downregulated in UCC-derived
cells (133,134). A summary of the primary miRNAs that
possess tumor-suppressive functions in cervical carcinogen-
esis is presented in Fig. 4.

Studies have shown that miR-29a is downregulated in UCC,
resulting in upregulated expression of the oncogene /TGBI,
whose product, integrin p1, promotes proliferation and migra-
tion of tumor cells, causing metastasis to lymph nodes (135).
This indicates that miR-29a exerts a tumor suppressor function
by directly inhibiting the expression of /TGBI and therefore,
in its absence, tumor progression occurs (94). miR-145 is
negatively regulated in UCC, and is inversely correlated with



BIOMEDICAL REPORTS 15: 60, 2021 13

@ ["poz |—» [Pr/aKT |

CDK2
ATF2 MMP2/9
BCL2

!FOXM1|—>| FOXM1 |
| RaplA |—>| RAP1A |

(o)
MACC1

|MACC1 l—»l C-MET I
_ C-MyC
| NOB1 |—>| NOB1 |

v

1 Risk of UCC

Figure 4. Protective roles of miRNAs against cervical carcinogenesis. Tumor suppressor miRNAs, under physiological conditions, exhibit protective func-
tions against the development to UCC, acting as activators of the expression of tumor suppressor genes, whose products act by suppressing the expression
of oncogenes. However, in UCC-derived cells, the expression tumor suppressing miRNAs is downregulated, via different mechanisms, and this effectively
abrogates their suppressive functions on the expression of oncogenes involved in proliferation, immortalization and progression of UCC. UCC, uterine cervix

cancer; miRNA/miR, microRNA.

the expression of the FSCNI gene, which itself is upregu-
lated in tumor tissues when compared with normal tissues.
Overexpression of miR-145 significantly reduced the prolifera-
tion of HeLa cells and reduced the expression of FSCNI. This
shows that, under physiological conditions, miR-145 functions
as a tumor suppressor by inhibiting the expression of the
FSCNI gene (136).

Reduced expression of miR-204 is also associated with
progression and metastasis to lymph nodes, as well as a low
survival rate in patients with UCC. Overexpression of miR-204
significantly suppressed the proliferation, migration and inva-
sion of cancer cells and promotes cell cycle arrest in the GO/GI.
This is due to the interaction of miR-204 with the Ephrin
type B2 receptor (EphB2). Thus, under normal conditions,
miR-204 inhibits EphB2 to inhibit the PI3K/AKT signaling
pathway (137). Low levels of miR-204 expression are also
correlated with overexpression of the transcription factor 12,
which results in increased expression of CDK2, cyclin E,
MMP2, MMP9 and BCL2, and reduction of expression of BAX,
increasing cell proliferation, migration and inhibiting apop-
tosis, ultimately favoring tumor progression (138). Conversely,
reducing the levels of miR-204 in UCC results in increased
expression of ATF2, which, in-turn, increases the expression
of BCL2 and LC3I/II, inhibiting apoptosis and increasing
proliferation and autophagy of cancer cells (139). This indi-
cates that under physiological conditions, miR-204 negatively
regulates ATF2 expression to inhibit proliferation, migration
and invasion of cervical cancer cells, and induces apoptosis
of these cells (139). miR-152 is downregulated in UCC, and
is negatively correlated with the expression of Kriippel-like
factor-5 (KLF5), expression of which is increased in UCC.
Thus, in the absence of the suppressor function of miR-152
on the KLF5 gene, KLF5 protein expression is increased;
KLF5 functions as a transcription factor involved in cell
proliferation (133).

miR-320 is downregulated in UCC cells, and FOXM]1 is
upregulated. The low expression of miR-320 is associated with
increased viability, migration and invasion of cancer cells. It
has been shown that overexpression of miR-320 suppresses
FOXM]1 expression and reduces the viability, migration and
invasion of tumor cells. These results show that, under physi-
ological conditions, miR-320 functions as a tumor suppressor
by inhibiting FOXM1 expression (141). The inhibition of
miR-320a results in increased proliferation, migration and
invasion of cells derived from UCC. This is due to the absence
of its suppressive function on FOXMI, which encodes a tran-
scription factor involved in tumor promotion (141). miR-337-3p
also acts as a tumor suppressor in UCC, inhibiting the expres-
sion of the RaplA oncogene. Furthermore, reducing the
expression of this transcript results in the overexpression of
Rapl A, leading to a notable increase in Rapl A protein expres-
sion, which inhibits apoptosis and increases proliferation,
migration and invasion of cancer cells (142).

The expression of miR-338-3p is substantially reduced in
cells derived from UCC, whereas expression of the MACCI
gene is upregulated. Upregulated expression of MACCI is
associated with advanced stage UCC and lymph node metas-
tasis, deep invasion and shorter overall patient survival. The
protein encoded by MACCI is a growth factor that acts on
the MAPK signaling pathway, which is related to increased
cell proliferation and epithelial-mesenchymal transition.
This shows that miR-338-3p targets the MACCI gene, down-
regulating its expression to inhibit cell proliferation and
epithelial-mesenchymal transition. However, the reduction in
miR-338-3p expression caused by the action of viral onco-
proteins, results in the opposite effect (143). Another tumor
suppressor mechanism mediated by miR-338-3p involves the
suppression of the ATF2 gene, which is neutralized by the
action of oncoproteins produced by high-risk HPVs. This
results is an increase in the expression of ATF2 protein, which


https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436
https://www.spandidos-publications.com/10.3892/br.2021.1436

14 DA SILVA et al: EPIGENETIC CHANGES IN CERVICAL HPV-INDUCED CARCINOGENESIS

functions as an activator of the mTOR signaling pathway,
increasing the proliferation and autophagy of infected cells.
Restoration of miR-338 expression inhibited the proliferation
of UCC-derived SiHa and HeLa cells, which are positive for
HPV16 and HPV18, respectively. In addition, the reduction of
miR-338 expression decreased the expression of phospho-(p-)
mTOR and p-p70S6. This suggests that under physiological
conditions, miR-338 inhibits proliferation and autophagy, by
inhibiting the mTOR pathway, through negative regulation of
ATF?2 gene expression. However, this function is reversed by
the action of viral oncoproteins (144).

The expression levels of miR-375 are reduced in
UCC-derived cells, resulting in increased proliferation, migra-
tion and invasion of the cancer cells, inducing angiogenesis,
and inhibiting apoptosis in vitro. Overexpression of miR-375
reversed these functions, resulting in the opposite effects.
Astrocyte gene-1 (AEG-1) has been identified as a target of
miR-375. The oncoproteins E6 and E7 of HPVs 16 and 18
downregulate miR-375 expression, resulting in increased
expression of the AEG-I oncogene, contributing to the initia-
tion and progression of UCC (145). The gene encoding miR-375
showed higher levels of methylation in UCC compared with
premalignant lesions. In addition, treatment with a demethyl-
ating agent increased the expression of miR-375 in SiHa and
HeLa cells. Interestingly, the expression levels of this tran-
script were negatively correlated with the levels of methylation
in clinical samples. It has been observed that miR-375 targets
the Replication Factor C Subunit 3 gene, whose product is part
of a transcriptional complex. This indicates that silencing by
methylation of the miR-375 encoder gene promoter may facili-
tate the process of carcinogenesis in UCC (129).

miR-381-3p is negatively regulated, whereas the kera-
tinocyte growth factor gene (FGF7) is upregulated in cells
derived from UCC, showing an inverse correlation between
the expression of miR-381-3p and FGF7. This shows that
under physiological conditions, miR-381-3p can upregulate
FGF7 expression, inhibiting the proliferation and metastasis
of cancer cells (146). The levels of miR-383 expression are
significantly lower in tissues derived from UCC compared
with tissues from precancerous lesions, and there was an
inverse correlation between miR-383 expression levels
and that of PI3K, AKT, mTOR, PARP2 and p70S6K. Cell
viability, migration and invasion were reduced in cells trans-
fected with miR-383 mimics following knockdown of the
PARP?2 gene, whereas treatment with the miR-383 inhibitor
increased these functions. These results suggest that, under
physiological conditions, miR-383 acts as a tumor suppressor,
negatively regulating the expression of PARP2 and inhibiting
the PI3K-AKT-mTOR signaling pathway. Thus, in the absence
of miR-383, expression of PARP?2 is increased, which activates
the PI3K-AKT-mTOR signaling pathway, leading to the initia-
tion and progression of UCC (147).

miR-432 is downregulated in UCC cells, and is inversely
correlated with the expression of the gene encoding fibro-
nectin 1 (FNI). This suggests that miR-432 possesses tumor
suppressive activity via inhibition of FN1 gene expression.
Inhibition of miR-432 expression leads to overexpression of
the fibronectin-1 protein, which induces cancer cell prolifera-
tion and invasion (134). A similar outcome is observed with
miR-485, expression of which is also reduced in patients with

UCC. Downregulation of this miRNA was associated with
advanced stage of the disease and lymph node metastasis. It
was also found that miR-485 may exert its tumor suppressive
function in cervical cancer by directly targeting MACC1 and
inhibiting the Met/AKT signaling pathway (148). Conversely,
downregulation of miR-664 in UCC resulted in increased
expression of the c-Myc oncogene and the cyclin D gene,
in-turn resulting in reduced expression of BAX and active
Caspase-3. This results in inhibition of apoptosis and increased
cell proliferation and tumor growth (149).

The expression of miR-2861 was significantly reduced in
293T and HaCaT cells expressing the E6 protein of HPV16,
compared with the control cells. miR-2861 was also shown to
be downregulated in UCC cells, and its downregulation was
negatively correlated with tumor stage and lymph node metas-
tases. Overexpression of miR-2861 inhibited the proliferation
and invasion of cancer cells and increased apoptosis. It was
shown that the EGFR, AKT2 and CCNDI genes were all direct
targets of miR-2861, and restoring the functions of these genes
neutralized the suppressive effects of miR-2861. This suggests
that, under physiological conditions, miR-2861 is a tumor
suppressor that acts by inhibiting the transcription of EGFR,
AKT?2 and/or CCNDI to regulate cell proliferation and migra-
tion. The knockdown of the miR-2861 encoding gene mediated
by the E6 protein of HPV16 results in increased transcription
of EGFR, AKT?2 and/or CCNDI, thus contributing to initiation
and progression of UCC (150).

miR-612 has been shown to be associated with the
progression of other types of tumors; however, the expression
of miR-612 was downregulated in UCC tissues and cells,
and this reduced expression was associated with greater
disease severity and lymph node metastasis. Overexpression
of miR-612 significantly reduced the proliferation, migra-
tion and invasion of cancer cells in vitro and delayed tumor
growth in vivo. miR-612 was shown to target the NOBI gene,
which encodes an RNA-binding protein; there was a negative
correlation between miR-612 expression and NOBI protein
expression in UCC samples. Overexpression of NOBI partially
reversed the inhibitory effects of miR-612 on tumor cells,
suggesting that under physiological conditions, miR-612 acts
as a tumor suppressor in UCC, by inhibiting the expression of
the NOBI gene (151).

LncRNAs. LncRNAs can modulate the progression of
tumors (Fig. 5). The role of IncRNA-ANRIL was analyzed in
cell lines derived from UCC, where it was shown to be posi-
tively regulated with UCC progression. Knockdown of ANRIL
reduced proliferation and invasion, in addition to inducing
apoptosis of cervical cancer cells. Bioinformatics analysis
showed that miR-186 was a direct target of ANRIL,and ANRIL
binds to miR-186 to abrogate its tumor suppressor function.
Expression of miR-186 was reduced in cell lines derived
from UCC and its expression was negatively correlated with
the expression of ANRIL. This shows that IncRNA-ANRIL
promotes UCC by sponging miR-186, to prevent its tumor
suppressor action (152). A similar mechanism was observed
with IncRNA-MALATTI in relation to miR-375 (153).

It has been shown that IncRNA DDN and PRKAGI RNA
antisense 1 (DDN-AS1) are upregulated in UCC tissues and
cell lines, and it is positively associated with a poor prognosis
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Figure 5. Role of IncRNAs and circRNAs in cervical carcinogenesis. Certain IncRNAs functions as tumor promoters in UCC, serving as a sponge of tumor
suppressing miRNAs, abrogating their functions as inhibitors of the expression oncogenes of both HPV and host cells. They may also act by directly inhibiting
the function of the p53 protein. Others IncRNAs act by increasing the expression of cell oncogenes. CircRNAs function as tumor promoters through different
mechanisms. The circRNA CIRCe7 encodes a functional E protein of HPV, which possesses carcinogenic activity. Other circRNAs activate the expression
of cellular oncogenes. Still other circRNAs function as tumor promoters, serving as a sponge of tumor suppressor miRNAs, abrogating their functions. This
increases cell proliferation leading to immortalization, progression to UCC and invasion of tumor cells. IncRNA, long non-coding RNA; circRNA, circular

non-coding; UCC, uterine cervix cancer.

in UCC patients. Knockdown of DDN-ASI suppressed UCC
progression by efficiently inhibiting the proliferation, migration
and invasion of cancer cells. It was shown that the increase in
DDN-ASI expression was mediated by activation of the tran-
scription factor TCF3. In addition, DDN-ASI increased TCF3
expression by competitively binding to miR-15a and miR-16,
generating a positive feedback loop in which DDN-AST inhibits
the suppressor function of miR-15a/16 over TCF3, which in-turn
activates the expression of DDN-ASI, increasing proliferation,
migration and invasion of tumor cells in UCC (109).

LncRNA-DSCAM-ASI is associated with an increased
capacity for proliferation, migration and invasion of cancer
cells in UCC. It was found that DSCAM-ASI physically binds
to miR-877-5p, preventing its tumor suppressing action in
which it targets the ATXN7L3 gene that encodes the histone
acetylation protein complex and activates transcription by
chromatin remodeling. Knockdown of DSCAM-ASI or over-
expression of miR-877-5p inhibits UCC progression. This
suggests that IncRNA-DSCAM-ASI acts by inhibiting the
tumor suppressive function of miR-877-5p, interfering with a
miR-877-5p/ATXN7L3 axis to promote tumor progression (1).

It has been shown that IncRNA-LINCO01535 binds to
miR-214, neutralizing its tumor suppressor activity, preventing
the repression of the miR-214 target, the EZH?2 gene, thus
resulting in increased expression of the EZH2 protein. This
protein was also found to directly repress miR-214 expression.
Thus, by positively regulating EZH2, LINCO01535 further
represses miR-214 expression. The enhanced expression of
LINCO01535 promotes the growth, migration and invasion of
cancer cells in vitro and in vivo. Knockdown of LINCO01535
results in overexpression of miR-214, thus regulating a
miR-214/EZH?2 axis. Knockdown of EZH?2 abrogates the
effects LINCO01535 in UCC. Clinically, increased expression
of LINCO1535 is correlated with advanced tumor stage and a
poor prognosis (154).

LncRNA-TMPOP2 is overexpressed in cancer cells
derived from UCC and inhibits the expression of E-cadherin
by recruiting the transcription repressor EZH2, the promoter
of the E-cadherin gene (155). High-risk HPVs have been shown
to induce degradation of the tumor suppressor p53, preventing
this protein from binding to the promoter of TMPOP2 to
inhibit its transcription. In addition, it was demonstrated that
overexpression of TMPOP2 resulted in sequestration of tumor
suppressor miRNAs, such as miR-139 and miR-375, which
target the mRNAs of E6 and E7, increasing the expression
of these viral proteins. Knockdown of TMPOP2 reduced the
expression of positive regulatory genes of cell cycle progres-
sion, and induced arrest of the cycle, and also inhibited the
proliferation of HeLa cells. This suggests that inhibition of
the function of miR-139 and miR-375 by IncRNA-TMPOP2
increased the expression and transforming activity of E6 and
E7 proteins (156).

The expression of IncRNA-CRNDE was increased in
tissues obtained from UCC and in several tumor-derived
cell lines. Knockdown of CRNDE significantly reduced the
proliferation of cancer cells, whereas overexpression of this
transcript significantly promoted the growth of cancer cells.
CRNDE has been found to bind to the p53 upregulated modu-
lator of apoptosis (PUMA), and PUMA is necessary for the
CRNDE-mediated increase in cancer cell proliferation. Thus,
it was proposed that IncRNA-CRNDE in combination with
PUMA could be used for clinical diagnosis, both as a prog-
nostic factor for UCC and as a potential therapeutic target in
UCC (133).

A recent study showed that IncRNA-GHET] is upregulated
in UCC cell lines. Loss of function analysis demonstrated that
the silencing of GHET] inhibited proliferation, migration
and epithelial-mesenchymal transition of these cells, as well
as inhibiting the AKT/mTOR and Wnt/f3-catenin pathways.
Conversely, the activation of these two pathways reversed the
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inhibitory effect of knockdown of GHETI on growth, migra-
tion and epithelial-mesenchymal transition in the UCC cell
lines. It was also shown that GHET1 stabilizes E2F6 mRNA,
interacting with IGF2BP2, to activate the AKT/mTOR and
Wnt/f-catenin pathways. As knockdown of GHETI resulted
in the inactivation of two signaling pathways, both of which
are important in cervical carcinogenesis, and inhibited the
progression of UCC, GHET1 may be a promising therapeutic
target for management of UCC (91).

CircRNAs. CircRNAs are a class of single-stranded RNA
molecules that possess a covalently closed loop structure.
They are produced by back-splicing of mRNA precursors
or by jumping in the mRNAs of the genes. They are widely
expressed in eukaryotes and act as critical regulators in several
types of tumors. CircRNAs recruit and reprogram the primary
components of the tumor microenvironment, regulating
signaling pathways, modulating the immune response and
affecting tumorigenesis, angiogenesis, tumor progression and
metastasis (157). Their high stability, abundance and evolu-
tionary conservation suggest a diverse set of properties with
important implications for cellular functions. These transcripts
can act as efficient sponges of miRNAs and proteins, and serve
critical roles in the modulation of transcription. In addition,
numerous circRNAs are aberrantly expressed in pathological
conditions, and can be associated with initiation or progression
of cancer (158).

It has been shown that oncogenic HPVs are also capable
of generating circRNAs, as described in the CaSki cell line,
which is derived from cervical carcinoma and is transformed
by HPV 16. CircE7 is derived from the viral oncogene E7 and
is found primarily in the cytoplasm, where it is associated with
polysomes, and it is translated into the viral oncoprotein E7.
Silencing the viral gene E7 or the encoding circE7 resulted in
inhibition of cancer cell proliferation in vitro. CircE7 has only
been detected in its episomal form in cancer cells containing
HPV DNA. These results suggest that the circRNAs produced
by HPV encode biologically functional proteins and they are
associated with viral-mediated transformation of cells (159).

High levels of circCLK3 were found in UCC tissues
and were strongly associated with advanced stage UCC and
stromal invasion of the tumor. It was shown that circCLK3
functioned as a sponge to absorb miR-320a, preventing its
tumor suppressor function, which under normal conditions
would act by suppressing the expression of the FOXM1 gene,
which encodes the FOXM!1 transcription factor and is associ-
ated with disease progression (141).

CircSLC26A4 was found to be positively regulated in
tissue and cell lines derived from UCC, and this high expres-
sion was associated with low patient survival. Loss of function
experiments showed that the knockdown of circSLC26A4
resulted in inhibition of proliferation and invasion of cancer
cells, as well as of tumor growth both in vitro and in vivo. It
was found that circSLC26A4 acts as a sponge for miR-1287-5p,
which, in-turn, targets the HOXA7 mRNA that encodes the
homeobox-7 transcription factor (Hox-A7). It was found that
the RNA-binding protein interacts with the QKI response
elements in the introns of the SLC26A4 gene, to promote the
biogenesis of circSLC26A4. This suggests that circSLC26A4
facilitates UCC progression, preventing the suppressive action

of miR-1287-5p on the HOXA7 gene, increasing the expression
of the transcription factor Hox-A7 (160).

The expression levels of circRNA_0000285 were shown
to be significantly higher in UCC samples compared with
the corresponding normal tissues. A positive correlation
was identified between the expression of this transcript and
the expression of FUS, a protein coding gene that binds
to RNA, and possesses high transcriptional activity. The
proliferative and migratory capacity of UCC-derived cells
was notably reduced after silencing of the gene encoding
circRNA_0000285. In addition, the knockdown of this gene
resulted in strong inhibition of metastasis of UCC cells in
nude mice. This indicates that circRNA_0000285 increases
the proliferation and metastasis of cancer cells in UCC via the
positive regulation of FUS (161).

Finally, a study was performed using RNA sequencing
data and non-coding RNAs in cells derived from UCC, which
included 102 IncRNAs, 15 miRNAs, 15 mRNAs and 522 pairs
of interactions in a competing endogenous (ce)RNA network.
The analysis revealed that the following genes were enriched
in the network: Alcohol dehydrogenase 7 (ADH7), a member
of the vestigial family 3; and cytochrome P450, family 26,
subfamily B, polypeptide 1, which is involved in the metabolic
process of retinoic acid and in the retinol metabolism pathway.
The ADH7 gene was regulated by miR-3065, which interacted
with LINCO1133 in the ceRNA network, suggesting that these
transcripts may serve an important role in UCC progres-
sion (162). A summary of the role of circRNAs in cervical
carcinogenesis is presented in Fig. 5.

5. Conclusions

Numerous clinical, epidemiological and molecular studies
have shown that persistent infection with high-risk HPV geno-
types is an indispensable, but not sufficient, prerequisite for the
development of UCC. This suggests that the cervical carcino-
genesis process induced by HPV depends on other associated
risk factors, possibly generated by stressful environmental
conditions, in addition to other factors the cells may experience,
creating conditions favorable for malignant transformation.
Therefore, for the development of cervical carcinogenesis,
additional genetic and epigenetic alterations are necessary as
a trigger for its initiation. These events act together through
a complex process, involving multiple factors, going through
several phases in the development of UCC. Such conditions
disrupt cellular homeostasis and contribute to generating
genomic instability, which favors the accumulation of muta-
tions and increases the frequency of epigenetic changes. Thus,
these conditions affect the functions of regulatory cell genes,
which can result in activation of oncogenes or inactivation of
tumor suppressor genes by silencing the gene or inactivating
the function of their products.

These same changes can also occur in the viral genome,
particularly affecting the expression patterns of viral onco-
genes. It has been widely demonstrated that several types of
epigenetic changes can affect the expression of cellular and
HPV genes, participating in some manner in the process of
carcinogenesis, and contributing to the initiation and progres-
sion of UCC. Thus, recent advances in cancer biology have
shown that other factors, in addition to genetic mutations, may
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be implicated in the development of the disease. Epigenetic
changes caused by aberrant methylation and chromatin
remodeling, due to histone modifications, both in the cellular
and viral DNA, serve an increasingly relevant role in cervical
carcinogenesis. In addition, the participation of non-coding
RNAs, such as miRNAs, IncRNAs and circRNAs, has
drastically increased the complexity of our understanding
of the molecular biology of cancer, whilst also providing
numerous novel potential druggable targets, particularly in
UCC. Therefore, these transcripts are the subject of numerous
studies, aiming to discover their value as biomarkers of diag-
nosis and prognosis of the disease, as well as their therapeutic
value for the treatment of UCC.
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