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Available online 2 January 2014 by HPV infection are necessary for its development and reveal a large number of potential biomarkers for diag-

nosis and prognosis. These molecules are host genes and/or proteins, and cellular microRNAs involved in cell
cycle regulation that result from disturbed expression of HR-HPV E5, E6 and E7 oncoproteins. One of the current

'égﬁf;fﬁ;mer challenges in medicine is to discover potent biomarkers that can correctly diagnose cervical premalignant lesions
HPV and standardize clinical management. Currently, studies are showing that some of these molecules are potential
Biomarkers biomarkers of cervical carcinogenesis, and it is possible to carry out a more accurate diagnosis and provide more
Oncoproteins appropriate follow-up treatment for women with cervical dysplasia. In this paper, we review recent research stud-

ies on cell cycle molecules deregulated by HPV infections, as well as their potential use for cervical cancer screening.
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1. Introduction

Cervical cancer is one of the most common cancers affecting women
worldwide, and is responsible for 529.000 new cases and 275.000
deaths each year [1-3]. Over 80% of these cases occur in developing
countries, where prevention and control programs are ineffective or
non-existent [3,4].

The etiology of cervical cancer is related to persistent infection by
Human Papillomavirus (HPV) [5,6]. There are more than 120 HPV
types that have been classified into high-risk (hrHPV) and low-risk
(IrHPV), depending on their oncogenic potential. At least 15 HPV
types associated with malignancy of both genital tract and non-genital
tract have been categorized as high-risk types. Among these, HPV-16
and -18 genotypes are detected in more than 70% of all cases of cervical
cancer [7,8].

The conventional Pap test constitutes the main strategy used in
screening programs for diagnosis of cervical intraepithelial neoplasias
(CIN) and control of cervical cancer. However, there are often failures
in the proper interpretation of the pap smears caused by inconsistencies
in the results of the cytopathologists [9,10]. Recently, some countries
have adopted HPV testing along with the Pap tests to provide more
information about cervical cancer screening [11,12]. However, HPV test-
ing does not have sufficient specificity owing to the high rate of insignif-
icant HPV infections [13] and viral infection by itself it is not enough to
cause this type of cancer [11]. Other factors related to the host such as
genetics and immunity may play a significant role in the persistence
of infection and progression of cervical carcinogenesis [14].

Recently, studies have shown that some host molecules are potential
biomarkers of cervical cancer and represent an attractive alternative or
supplement to cytological testing and HPV detection. Several of these
molecules involved in cell cycle regulation are altered by the presence
of HPV oncoproteins [10,14]. Searches for molecular targets have char-
acterized the expression profile of proteins and the coding genes
which are involved in cervical carcinogenesis with the aim of improving
the diagnosis and treatment of cervical cancer [15-19].

More recently, studies have focused on the role of microRNAs
(miRNAs) in the development of cervical cancer [20-23]. It is predicted
that miRNAs regulate up to 90% of human genes, which suggests that
they may control almost all the cellular processes [24,25]. The miRNA
expression profiles (miRNA signatures) can be used as valuable bio-
markers since they are an aid to the diagnosis and prognosis of various
types of cancer [26-30]. However, as a result of disagreements between
researchers, it has not been possible to characterize a miRNA profile
associated with the cervical cancer.

In this scenario, several candidate biomarkers have been tested to
improve the diagnostic accuracy of cervical dysplasias. Moreover, a
growing body of scientific researchers has revealed molecules and
pathways that are modulated by HPV in cervical carcinogenesis which
suggests there is a potential for new biomarkers. In the light of this,
the aim of this article is to discuss the potential biomarkers that are tar-
gets of HPV oncoproteins and their evaluation for clinical use in cervical
carcinogenesis.

2. HPV-induced oncogenesis

The cycle of HPV induces proliferation of basal and parabasal cells,
which leads to epithelial hyperplasia or papillomatosis with diverse
extensions. This oncogenicity is due to the activity of E5, E6, and E7
viral proteins [31,32]. These oncoproteins result in continuous cell
proliferation and an inability to repair possible damage in their genetic
material, and thus accumulate rearrangements, aneuploidies and muta-
tions that can lead to the development of cancer [33-35]. A number of
routes and proteins of normal cells are altered, such as those involved
in the division and apoptotic processes [36]. For example the E7 protein
binds to tumor-suppressor proteins of the pRB family, and degrades
them for uncontrolled activation of E2F transcription factor that

stimulates expression of genes involved in S phase of the cell cycle
[37]. Furthermore, E7 interacts with p21 and p27, which are the impor-
tant inhibitors of cyclin-dependent kinases (CDK). The main target of
CDK proteins is the cyclin-CDK2 in human keratinocytes which in turn
regulates the transition from G1 to S phase [38]. The E6 protein also
interferes with the pro-apoptotic functions of proteins such as Bak,
Bax, c-myc and p53; for the maintenance of the neoplastic phenotype
[39].

The integration of HPV sequences into the host genome is consid-
ered to be a crucial event in cervical tumor progression. This step occurs
through a cleavage in the viral DNA in the cleavage site of the E1/E2
genes [40] causing deletion of the E2 gene and adjacent regions of the
E4, E5, and L2 genes [41]. Thus, the transcriptional repression exerted
by E2 is annulled, resulting in E6 and E7 overexpression, and severe ma-
lignancy [42-44]. Other studies have identified different targets for the
E6 and E7 oncoproteins, including the following: telomerase [45], cen-
trosome duplication factors [46] and signaling proteins [47,48].

Although the HPV E6 and E7 proteins are of crucial importance for
HPV transforming properties[49,50,36], the role of the E5 protein in
the development of cervical cancer has been increasingly explored.
The activities of this oncoprotein support tumor progression, particular-
ly in the early stages of the disease, since the E5 gene is deleted after the
viral DNA has been integrated into host genome [51]. There are many
mechanisms in which E5 is included that involve various signaling path-
ways for cell proliferation, angiogenesis and apoptosis [52-54]. One of
the most well-known E5-mediated tumorigenic activities is its interac-
tion with the epidermal growth factor receptor (EGFR), which leads to
cell proliferation [55].

Another recently-discovered mechanism associated with HPV onco-
genesis is the modulation of host miRNAs [56-58]. HPV interference in
miRNA expression is caused by the fact that more than 50% of miRNA
genes are located in the fragile sites or integration sites of hrHPVs
[56]. Integration can alter miRNA expression via deletion, amplification,
or genomic rearrangement. However, some functional studies have re-
vealed that aberrant profiles of some miRNAs are due to the activities
of E5, E6 and E7 oncoproteins [59,25].

3. The potential biomarkers of cervical carcinogenesis

Recently, there has been an increase in the number of studies of the
genes and/or proteins, and cellular miRNAs that are involved in cervical
carcinogenesis with the aim of finding an efficient biomarker as an
alternative or supplement for cyto-histological tests and HPV detection
[10,26,60]. Most of the suggested biomarkers are involved in cell cycle
regulation disturbed by the expression of hrHPV E5, E6 and E7
oncoproteins (Fig. 1) [25,59,61].

Some of these potential biomarkers have been shown to be essential
for immortalization of human genital keratinocytes and are involved in
p53 and pRb pathways that are dysregulated by HPV E6 and E7
oncoproteins [50,62,63]. With regard to molecular targets of HPV E5
and their potential use for biomarkers, they are still in an early testing
stage and need to be more fully explored. Studies have demonstrated
that the E5 oncoprotein has the ability to induce tumors in transgenic
mouse models, especially in the early stages of cervical carcinogenesis
[64-67]. However, E5 also seems to play a role in the later stages of
cervical carcinogenesis because it has been found to be expressed by
episomal viral genomes that coexist with the integrated viral genomes
in 26 to 76% of cases of cervical cancer [68-71].

3.1. Molecular targets of HR-HPV E6/E7 oncoproteins

3.1.1. p16 NK4a

The p16INK4a is a tumor suppressor protein encoded by CDKN2A
gene that slows down the progression of the cell cycle by inactivation
of cyclin D-CDK4/6 complex, which in turn promotes pRb phosphoryla-
tion for cell cycle progression [72]. In carcinogenic HPV-infected cells,
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Fig. 1. Modulation of cell cycle molecules by HPV oncoproteins. HPV E7 binds to pRb and causes its degradation, leading to the displacement of active E2F and hence the activation of the
S-phase genes (i.e. p16, Ki67, ProEx) in both the basal and parabasal cell layers. HPV E6 binds to p53 and targets its degradation which results in loss of expression of p53-responsive genes
(i.e. p21) and HPV E5 active EGFR signaling pathway through either EGF-dependent or EGF-independent processes. Some miRNAs are also upregulated or downregulated by mechanisms

of HPV oncoproteins in the host cell.

HPV E7 oncoprotein stimulates cell cycle progression to S phase through
inactivation of pRb, and E2F transcription factor release, resulting in
overexpression of p16INK4a [63,73,74]. Upregulation of p16INK4a
induced by HPV E7 makes this protein a promising biomarker for
cervical carcinogenesis [75-77].

3.1.2. Ki-67

The Ki-67 antigen is a nuclear protein associated with cell prolifera-
tion, that is expressed in all phases of the cell cycle (G1, S, G2/M) and
encoded by the MKI67 gene [78]. Some authors have demonstrated in-
creased expression of Ki-67 in the cervical epithelium due to the release
of E2F transcription factor (HPV E7-mediated) [10,79,80]. One study
correlated overexpression of Ki-67 with increased expression of cyclins
D and E and the reduced expression of p21 and p27 tumor suppressors
[10]. Ki-67 is considered to be a proliferation marker in basal cells,
but also in intermediate and superficial squamous cells, since it shows
association with different CIN grades and HPV infection [10,81].

3.1.3. ProEx C

The ProEx C includes topoisomerase II protein (TOP2) and the
minichromosome maintenance complex Il (MCM2) proteins. TOP2 is
an enzyme which plays an important role in DNA replication and pack-
aging [10,82,83]. MCM2 is a protein involved in the formation of replica-
tion forks and in the recruitment of other DNA replication related
proteins. Both proteins play a significant role during the S phase of the
cell cycle and are overexpressed in HPV-infected cells as a result of the
uncontrolled activation of the gene transcription and aberrant induction
of S phase in these cells [10,83].

3.2. Molecular targets of HPV E5 oncoprotein
3.2.1. Cell surface receptors

The interaction of HPV E5 protein with the epidermal growth factor
receptor (EGFR) is one of the best known mechanisms that employ this

viral oncoprotein. EGFR is a cell surface receptor tyrosine kinase for epi-
dermal growth factor (EGF) with tyrosine kinase activity, and can be
found in the epithelial cells of the cervix, including the mucosal cells
[55,84,85]. E5 protein binds directly to the vacuolar ATPase of endosome
implicated in the receptor degradation and inhibits its activity. This
results in increased recycling of EGFR to the cell surface and enhanced
receptor signaling [86,51]. Additionally, E5 exacerbates EGRF activity
by increasing the phosphorylation of EGF [87]. These E5-mediated
mechanisms activate signaling pathways such as Ras-Raf-MAP kinase
and PI3K-Akt, which are involved in cell proliferation, angiogenesis
and apoptosis. HPV16 E5 protein may also stimulate cell proliferation
by activating G-protein-coupled receptors such as ETAR which pro-
motes mitogenesis, angiogenesis and the cell invasion [52,53,88]. It
has been seen that the presence of E5 in growth factor-starved
keratinocytes increases the mitogenic activity of the ETAR ligand,
endothelin-1 (ET-1), and causes high proliferation of E5-transfected
cells, when compared with untransfected cells [89].

322.p21 Wafl/sdil/Cipl o p27KIP1

Tumor suppressor proteins p21V21/Sdil/Cipl @ n3 7K1 3re inhibitors of
cyclin-dependent kinase (cyclin-dependent protein kinase inhibitors
CKIs), and induce cell cycle arrest [54,90]. However, when regulated
by HPV E5, these proteins are inhibited and cell cycle progression is con-
tinuously induced. Studies with immortalized human keratinocytes
have detected suppression of p21 Wal/Sdil/Cipl ¢ the transcriptional
level by E5 [90]. In contrast, HPV E5 downregulated the half-life of
p27"""! protein [54]. The effect of E5 on p27 ' is increased by activa-
tion of EGRF [89].

3.2.3. COX-2, VEGF e Cav-1

Cyclooxygenase-2 (COX-2), vascular endothelial growth factor
(VEGF) and caveolin-1 (Cav-1) are cellular proteins upregulated by
HPV E5. COX-2 is an enzyme which catalyzes conversion of arachidonic
acid to prostaglandins and other eicosanoids, causing various cellular
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responses such as cell cycle regulation, inhibition of apoptosis, extracel-
lular matrix deposition and angiogenesis [91,92]. Thus, COX-2 plays a
role in various types of cancer through the different stages of carcino-
genesis [93-95].

VEGF is a member of the cytokines family that plays critical roles in
physiological and pathological angiogenesis, and lymphangiogenesis
[96]. Both proteins, COX-2 and VEGF, are induced by EGFR signaling
pathway which is activated by the E5 oncoprotein [97,98]. As a result,
the E5 oncoprotein also induces angiogenesis in cervical carcinogenesis,
which is an essential stage in tumor growth and metastasis [99].

Caveolin-1 (Cav-1) is a membrane protein involved in cell differen-
tiation and proliferation [100,101]. The E5-mediated upregulation of
Cav-1 is not completely understood; however, this host protein may
be involved in cell transformation by altering the EGFR signaling
[102,103].

3.3. Host microRNAs modulated by HPV E5, E6 and E7 oncoproteins

MicroRNAs are endogenous non-coding RNAs of approximately
21 nucleotides in length that regulate gene expression by causing
degradation or suppressing target messenger RNA (mRNA) translation
[104,105]. The miRNAs have emerged in several current research stud-
ies due to their ability to regulate genes involved in important cellular
processes such as proliferation, apoptosis and differentiation [106,107].

Some studies have evaluated persistent infection by hrHPVs by
linking it with dysregulation of miRNAs in cervical cancers
[57,108-110]. The aberrant expression profile of some miRNAs has
been correlated with the activity of E6 and E7 oncoproteins [25]. For
instance, downregulation of miR-218 [111,112] and miR-34a can be re-
lated to HPV E6 effects in the host cell [22,113]. The transcription of
miR-34a is activated by p53, but this suppressor protein is degraded in
cervical cancer cells by E6 oncoprotein, and thus reduces the expression
levels of miR-34a[114,115]. Thus, miR-34a targets such as cyclin E2 and
cyclin D1, CDK4, CDK6 among others, are overexpressed, and lead to
cellular transformation [116,117].

Recently, Lin and Yao [118] have shown that increased expression of
miR-21 induces proliferation, migration and apoptosis via CCL20 inhibi-
tion, a gene that is also targeted by E6 and E7 in HPV16-positive cervical
cells. Melar-New and Laimins [119], in turn, have shown that HPV E7
downregulates miR-203 through the inhibition of the MAPK pathway/
PKC that activates transcription of this miRNA. This mechanism results
in increased expression of ANp63, a target of miR-203 which is respon-
sible for the proliferation of more differentiated keratinocytes. Other
miRNAs such as miR-15a and miR-16 are also modulated by HPV
E7. Overexpression of these miRNAs is a direct consequence of
E7-mediated inactivation of the pRB-E2F control mechanism that
triggers continuous transcription of these miRNAs [25].

Finally, Greco and colleagues [59] suggested that modulation of
miRNAs might also be related to E5 oncoprotein, which is most active
in the early stages of cervical carcinogenesis [70]. This study showed
downregulation of miR-203 and miR-324-5, and upregulation of
miR-146a in HPV16-positive keratinocytes expressing E5. However
other studies with clinical samples should be conducted to confirm
the significance of both the E6 and E7, and E5 oncoproteins of miRNA
dysregulation in cervical neoplasias.

4. The potential use of biomarkers in cervical cancer screening

The Pap test (cervical cytology test) is the standard method used to
screen low-grade squamous intraepithelial lesions (LSIL) and high-
grade squamous intraepithelial lesions (HSIL), which are also classified
as cervical intraepithelial neoplasia (CIN) 1, 2, and 3. Despite its high
specificity, the cytology test is relatively insensitive due to its poor inter-
observer reproducibility and requires frequent sampling [ 120-123]. The
discovery of HPV and the fact that it was an essentail factor in the devel-
opment of cervical cancer, was a great advance. Studies show that the

hrHPV test has a sensitivity of over 90% in the detection of CIN2 and
CIN3 [124,125] compared to the cytological test; however, this is insuf-
ficient specificity due to the high rate of insignificant HPV infections
[13]. Thus, the value of hrHPV DNA testing as a stand-alone cervical
screening test compared to cytology is still open to question
[10,12,28,126,27]. Nevertheless, the incorporation of HPV testing as an
adjunct to Pap cytology in clinical practice, has improved the diagnosis
of precancerous lesions and has been used by some developed countries
in Europe and North America, especially in triage of women with atyp-
ical squamous cells of undetermined significance (ASC-US) on cytology
and in women over 30 years old [12,127,128]. However, HPV tests tend
to be expensive and are thus not readily available to all who might ben-
efit from them, as in developing countries where more than 80% of cases
occur [12,129-131]. Hence, there is a strong demand for additional,
more sensitive, and specific biomarkers to improve the screening
of women with cervical dysplasia. The interplay between HPV and
host cell molecules has revealed a large number of these potential bio-
markers (Fig. 2).

41. p 1 61NK4H

The p16 is proving to be a promising biomarker of carcinogenesis in
various ways. The relationship between increased overexpression of
p16 %42 and the severity of the lesion is already being strengthened,
both in the CINs of the histology and the HSIL of the cytology (Fig. 2a).
This relationship reflects a single process that has already triggered
the malignant transformation of the epithelial cells of the uterine cervix
([132-137].

The p16™*42 has demonstrated a capacity to detect CINs or SILs in
triage of women with equivocal cyto-histological results, including
ASC-US, LSIL and atypical squamous cells-cannot exclude high-grade
squamous intraepithelial lesions (ASC-H). As a result, the improved
diagnostic accuracy of cervical cancer by p16INK4a detection has been
evaluated as a complementary test to the Pap test, or even as a substi-
tute for current HPV testing. In a recent study, in which a meta-
analysis was conducted by Roelens and coworkers, [138] it was found
that p16™%43 had a greater degree of accuracy with regard to the HC2
test (Hybrid Capture 2) for the detection of CIN2 + in the triage screen-
ing of women with ASC-US. This was due to a greater specificity of
p16™€4 which can prevent overtreatment of healthy women, without
losing sensitivity (Fig. 2b). The p16™%4? has already shown a greater
specificity than HC2 for the triage screening of LSIL (Fig. 2c), although
with less sensitivity it can result in undertreatment of sick women. As
well as confirming the importance of the use of p16™4? for the detec-
tion of CIN2 + in the ASC and SIL after screening with hrHPV, Gustinucci
and coworkers [139] still stressed its potential as a biomarker for
CIN2 +, especially in cases of cyto-histological discordance. Although,
in this study, it was found that 8 cases were histologically negative or
CINT1 in the first biopsy, (diagnosed as p16 + ASC-H and HSIL-CIN3),
there were in fact four cases of CIN2 and 4 of CIN 3. The p16™¥4? has
also shown it can be correlated with the aggravation of cervical lesions
in an independent way from hrHPV [140,141].

Some authors have raised the possibility of p16™¥42 establishment
as a marker to replace hrHPV although they state that its clinical use is
still limited by the lack of a standardized immunohistologic and cytolog-
ic scoring system [142]. However, some studies have determined that a
combination of the detection of hrHPV with p16"™%4? results in a greater
degree of diagnostic accuracy, as well as being able to provide more de-
tailed information about the risk of the malignant transformation of
squamous epithelial cervical lesions than the mere detection of hrHPV.
This is because it has already been confirmed that the overexpression
of p16™*43 results in the inactivation of pRB by the E7 viral oncoprotein,
which suggests that the viral DNA integration into host genome as well
as tumorigenesis, have already been triggered. Additionally, the studies
have raised the development of a simple and low-cost technology,
based on p16INK4a biomarker, for the study of patients infected
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Fig. 2. Potential biomarkers of cervical cancer. Schematic representation of some molecular targets modulated by HPV E5, E6 and E7 oncoproteins, cited as potential biomarkers of cervical

cancer.

with the hrHPV and diagnosed with LSIL of uncertain behavior
[141,143-145].

The expression of gene CDKN2A that encodes the p1 is also
being investigated by qPCR or a microarray. Boulet and coworkers
[146] showed that there is no correlation between the expression of
the gene that encodes the p16™<4? and the cytological diagnosis of the
HPV. Nonetheless, they show that this might be the result of the dilution
of the mRNAs of the dysplastic cells by the mRNAs of the normal cells,
which makes the detection of their overexpression by RT-PCR difficult.
In contrast, more recent studies of mRNA expression have supported
the results of studies of the immunostaining of p16™? and stressed
the role of p16™%42 35 a potential biomarker of the HSIL [135,147]. It
should be pointed out that the differences between these studies
might be due to the different platforms used for the evaluation of the
mRNAs.

The p16™*43 js also being assessed as a predictor of the progression
or regression of initial cervical lesions. In the study of Huang and co-
workers [133], a difference of expression of p16™4a was found between
the CIN1 and CIN2/3 groups which shows that whether individually or
in combination with the detection of hrHPV, p16™4? improves the
prediction of the progression of initial cervical lesions by identifying pa-
tients with CIN1 with greater precision (Fig. 2d) and thus allows careful
monitoring and early treatment of these patients. In a meta-analysis,
Tosoumpou and coworkers, [132] provided some evidence that the
p16™€42 in histological samples could be a predictor of the progression
of the disease [84,51,106,109] by identifying low-grade lesions (CIN1)
which need closer monitoring. In a study of Nishio and coworkers
[136], overexpression of p16™43 was correlated with the diagnosis of
CIN1-2 and p16™%4? was suggested as a superior biomarker to foresee
the results of CIN1-2 in comparison with the hrHPV genotyping;

6INK4a

although the authors draw attention to the various aspects of this result.
For this reason, some authors have found a correlation between the
overexpression of p16™43 and the risk of progression or regression of
CINs both of CIN2 [148] and CIN1 to CIN3 [149,150]. However, in the
study of Quint and coworkers [143] a greater risk of progression or the
persistence of LSIL was found, not as a result of the overexpression of
p16™¥4a byt of age, since a greater risk was found in patients over the
age of 30. In addition, it was determined that it was the genotyping of
HPV and not the markers of the cell cycle, including p16™42 that can as-
sist in the prognosis of the course of LSIL. According to Izadi-Mood [151],
although a p16™¥42 negative expression cannot definitively exclude the
patient with a cervical lesion from the high risk category, the immuno-
staining test for p16™%“? can be used as a supplementary test for the
early diagnosis of cervical cancer. The administration of the results of
the CINs still represents a dilemma for gynecologists (particularly of
CIN1) and this sometimes leads to the over- or undertreatment of the
patients. Although immunostaining of p16'™¥4? requires uniformity in
the scoring system, its use in the triage screening of high risk patients,
especially among young patients, can assist in reducing the progression
of precancerous cervical lesions in the near future.

4.2. Ki-67

The Ki-67 is also being investigated as a biomarker of cervical carci-
nogenesis, as it is an important indicator of cell proliferation [152,80].
Some studies have found a link between the expression of Ki-67 and
the CIN grades (Fig. 2a) [153-157]. The use of Ki-67 as an adjunct test
to increase the diagnostic precision of cervical lesions, including doubt-
ful cases, is currently being assessed, either together with the hrHPV
test or not. Mimica and coworkers [158] confirmed that the Ki-67


image of Fig.�2

96 A.C. de Freitas et al. / Biochimica et Biophysica Acta 1845 (2014) 91-103

immunodetection could predict hrHPV and that the overexpression of
this protein was related with severity of the lesion, with a greater
expression of this protein in CIN2/CIN3, which supports its value as a
more accurate auxiliary method for the classification of the CIN. Kruse
and coworkers [159] confirmed that there was a high correlation be-
tween the Ki-67 expression and the presence of hrHPV, which suggests
that they can be used to correct the diagnosis of uncertain cases. Similar-
ly, Pirog and coworkers [160] estimated the accuracy of Ki-67 as an ad-
junct test in the cervical biopsy diagnosis (originally classified as normal
and LSIL by cytopathological diagnosis) compared to the HPV test, and it
was found that the ki67 had a higher sensitivity and specificity, which
shows a highly sensitive and specific marker for the identification of
LSIL (Fig. 2c), even when determining the diagnosis of uncertain cases.

The Ki-67 was also suggested to be employed together with the set
of procedures for cervical cancer screening, as an adjunct to liquid-
based cytology to identify HSIL and as a surrogate marker of HPV-16
infection [161]. The role of Ki-67 as a predictor of the progression or re-
gression of cervical lesions is also being assessed. Addictionally, a study
[162] proved that Ki-67 has a strong, independent prognostic value for
progression, owing to the fact that there is a greater predictive value
for progression in the precancerous low-grade lesions (Fig. 2d) than
the histopathological classification criteria or the presence of the
hrHPV. Similarly, other studies carried out by Kruse and coworkers
[163] have confirmed that the prognostic value of the model for the
risk of progression of KI-67, exceeds the value of the histopathological
test [162,163].

4.3. p16/Ki67

Owing to the proven accuracy of p16™*4? and Ki-67 in the triage
screening of cervical cancer, several studies carried out assessments to
find out whether the two junction markers (p16/ki67) can achieve a
greater degree of accuracy in the screening of cervical cancer. In addi-
tion, a commercial kit (the CINtecPLUS Test) is already being evaluated
in several studies. Some of these that have assessed the diagnostic value
of the CINtecPLUS Test for p16/Ki67, both for the CINs and the LSIL, have
found a significant increase in the positivity Index for p16/ki-67 with se-
verity of the lesion both for the cytological and histological alterations
(Fig. 2a) and with a high association with CIN2 + [123,164].

The performance of p16/Ki-67 in cervical screening programs for
women with premalignant lesions, including ASC-US and LSIL in
HPV-positive, is being evaluated and seeks a uniform reduction of pa-
tient referrals to colposcopy. In the study of Wentzensen and coworkers
[123], as well as having a similar sensitivity and a significant improve-
ment in specificity for the detection of CIN2 + in triage of ASC-US and
LSIL (Fig. B and c) with regard to the hr-HPV test; the p16/Ki-67 test
showed that there was a possibility of reducing almost half the number
of colposcopy patient referrals, compared with the current practice of
screening for all hrHPV-positive, ASC-US and LSIL patients. Other studies
that have also evaluated p16/Ki-67 CINtecPLUS show a similar sensitiv-
ity but a greater specificity with regard to the rhHPV test for the detec-
tion of ASC-US and LSIL [165-167].

As well as establishing a close link between p16/Ki-67 and hrHPV
infection, Dona and coworkers [164] highlighted the fact that the asso-
ciation between p16/Ki-67 and HPV16/18 was twice as high as that of
other types of hrHPV. Moreover the study of Rokita and coworkers
[168] only assessed the diagnostic value of the p16/ki67 test with regard
to the Pap test and confirmed a higher degree of accuracy for p16/Ki-67
in the recognition of cervical lesions from a cytological examination,
including that for the screening of patients with ASC-US and LSIL.
These studies confirm the accuracy of the p16/Ki-67 test and underline
their importance in HPV screening programs to prevent cervical cancer.
Other studies that did not employ the p16/Ki-67 test (CINtecPLUS) also
confirm that these markers can be used as adjuncts to increase the sen-
sitivity of cytological screening, as well as the specificity of the HPV
assay [169-171]. However, it should be noted that there is a need for

clear methodological norms for improving the dual immunodetection
of these in a clinical environment. For this reason, Gertych and co-
workers [171], employed an automated technique for evaluating the
dual p16/Ki67 nuclear immunoreactivity in liquid-based Pap tests. The
system comprises digitized images of stained smears for the analysis
of p16/Ki-67 immunoreactivity in cervical cell nuclei, by means of algo-
rithms developed by the authors. Features of the core immunoreactions
were classified into four types of immunoreactivity: p16 positive
(p16(+)/Ki67(—)), Ki67 positive (p16(—)/Ki67(+)), dual p16/Ki67
positive (p16(+)/Ki67(+)) and negative (p16(—)/Ki67(—)), respec-
tively: The results of this method were correlated with readings con-
ducted by two cytopathologists and showed high accuracy, sensitivity
and specificity for the classification of p16 +/+4 Ki67 positive nuclei.
This suggests that this quantitative characterization of nuclear immuno-
reactivity was satisfactory with regard to the effectiveness and results of
Pap smear screening.

4.4. ProEx

The ProEx (immunostaining of MCM2 and top2 proteins) is another
promising biomarker which has been linked to the severity of cervical
lesions (Fig. 2a) [156] and the presence of hrHPV [172]. Depuydt and co-
workers [173] evaluated screening strategies for cervical cancer and put
forward, as a better strategy, the first triage screening of hrHPV followed
by immunostaining with ProEx. The ProEx also proved to be a promising
marker for the confirmation of HSIL owing to a close link with this type
of lesion [10,172,174,175] and also to identify HSIL mainly in triage of
women with ASCUS and LSIL (Fig. 2b e c) [156,172]. As well as being
useful in the identification of cervical lesions that are more likely to
progress [176].

A recent study Alaghehbandan et al., [177] evaluated the clinical
usefulness of the ProEx C (Becton Dickinson) and PreTect HPV-Proofer
E6/E7 mRNA tests for the triage of ASCUS and LSIL cytology when com-
pared with the Hybrid Capture 2 HPV DNA test (HC2) and stated that
both tests have a similar performance with a higher specificity than
HC2.However, these tests had less sensitivity than HC2 for the detection
of CIN2 +. In this way, the authors made clear that although the PreTect
HPV-Proofer and ProEx C can reduce the colposcopy referrals, they are
going to lose a proportion of the CIN2 + cases. This is a serious limitation
which must be taken into account in the screening of ASCUS and LSIL. In
contrast, in a previous study, Siddiqui [178] showed that ProEx C led to
an increase of both sensitivity and specificity, in comparison with HC2,
for the detection of CIN2 + in triage of ASC-US cases. This study also
showed a higher degree of sensitivity and specificity through Proex C
test for the detection of CIN1+ in the cytological results of ASC-US.
These studies found that ProEx C could be used to improve the diagnos-
tic accuracy of cervical cytology and could also be useful as a cytological
adjunct to improve the sensitivity and specificity of the Pap test. The
role of ProEx C to predict the risk of progression of CIN1 (Fig. 2d) was
evaluated in the study of Ozaki and coworkers [150]. This marker had
an equally high sensitivity and a greater specificity to predict the pro-
gression of CIN2, than HC2. Aximu and coworkers [179] found that
ProEXx is also a potential adjunct tool in the histopathological diagnosis
of cervical adenocarcinoma in situ (AIS) and invasive adenocarcinoma
(AC), especially in difficult cases with small biopsies or foci of disease.

Some studies have compared ProEx with other biomarkers. For
example, a study [149] found that p16, Ki-67 and ProEx, can all be useful
for the diagnosis of lesions of the uterine cervix by improving diagnostic
precision. Other studies found that ProEx is more selective and informa-
tive about the progression of LSIL than Ki-67 in liquid-based cytology
and is also regarded as a better method for the detection of CIN3 com-
pared with p16™¥42 and Ki-67 [17,180]. In a more recent study [181] a
platform was developed for the simultaneous and automated detection
of ProExC/Ki-67 in cervical dysplastic cells in Liquid-based cytology for
improved cervical cancer screening. According to the authors, a plat-
form for high-content images could be used to evaluate and validate
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new biomarkers or combinations of these, but stressed the fact that the
evaluation and validation of biomarkers requires the analysis of a large
number of clinical samples.

4.5. Cell surface receptors

EGFR protein overexpression has been reported in 70-90% of cases
of cervical cancer and associated with poor prognosis either as a single
marker or combined with others such as COX-2 [182-185]. An Immuno-
histochemical assessment of EGFR in HPV-pre-malignant lesions was
recently performed by Balan and Coworkers, [186] and they demon-
strated that EGFR was overexpressed in 67% of HSIL (56% CIN2 and
43% CIN3) and 32% LSIL, suggesting EGFR was associated with the
progression of squamous intraepithelial lesions. However, in previous
studies this association was less clear [187,188] and a lack of a consis-
tent link in the studies may result in bias. This means that further stud-
ies are necessary to quantify the value of EGFR, as a prognostic factor.
One study evaluated the association of HPV-16 E5 and E6 mRNAs ex-
pression with EGFR mRNA overexpression, as well as a poor survival
rate in cervical cancer. However, just E6 mRNA expression, but not E5
mRNA was linked to overexpression of EGFR [189]. The authors suggest
that the lack of association with E5 mRNA could be attributed to the fact
that this oncoprotein plays a predominant role in early carcinogenesis
[190]. With regard to another surface receptor modulated by HPV E5,
the ETAR, only two studies, to date, have referred to its potential as a
therapeutic target, which suggests that ETAR-specific blockers could
assist in the treatment of cervical cancer [191,192].

46. pZIWHﬂ/Sdil/Cipl e p27KIP1

Some studies have shown that p21 and p27 tumor suppressor
proteins, which are both inhibited by E5, may be potential prognostic
biomarkers for cervical cancer. The expression of p21 has had a favor-
able prognosis in several types of cancer [193,194]. The patterns of
p21 expression in cervical cancer vary considerably, showing both
have increased [195-198] and reduced expression [199,200]. Subse-
quent studies shown cervical tumors with low or absent p27 expression
which can be correlated with increased aggressiveness and lymph node
metastasis [201,202]. The most recent study, to date, has shown low p27
expression in the prognosis of early cervical carcinoma using univariate
and multivariate analyses [203]. However, more studies are needed to
confirm the usefulness of these proteins as biomarkers for prognosis
in cervical cancer.

4.7. COX-2, VEGF e Cav-1

High levels of COX-2 found in CIN and cervical cancer probably in-
duce tumor progression by a resulting increase of prostaglandins
[52,204]. Many studies have shown that COX-2, (regulated by EGFR),
is linked to cervical carcinogenesis [205-209]. COX-2 has been cited as
causing resistance to both chemotherapy and radiotherapy, an increase
of lymph node metastasis and a poor survival rate in cervical cancer
[210,211]. Furthermore, Saldivar and colleagues [212] found a concen-
tration 4.9 fold higher with COX-2 in CIN1-2 biopsies than with normal
biopsies. However they highlighted the fact that larger sample sizes are
required to carry out further evaluations of the role played by COX-2 in
the development of premalignant lesions and its value as a biomarker
for use in chemoprevention trials. Huang and coworkers [213], recently
published the results of a recent meta-analysis in which they provide
more precise estimates of the prognostic value of COX-2 in cervical can-
cer and they concluded that its overexpression might be an unfavorable
prognostic factor or a means of predicting chemoradiation resistance for
cervical cancer.

Overexpression of VEGF, which is also regulated by activating EGFR,
is observed in solid tumors (including colon, lung, and ovarian tumors)
[214-216]. In cervical cancer, VEGF was also found to be overexpressed

and resulting from poor prognosis [217-221]. Although there have only
been a limited number of studies with VEGF and cervical cancer, other
types of cancer have been tested by adopting therapeutic approaches
with VEGF inhibitors and these have shown promising results such as
for the breast [222] and lung [223]. Branca and colleagues [224] showed
that VEGF expression increased linearly, starting from low grade neo-
plasia or CINI and progressing to cervical cancer, which suggests its po-
tential as a predictive marker and as a therapeutic target for early
cervical carcinogenesis. Accordingly, current studies have reported an
elevated VEGF expression which can be related to poor prognosis in cer-
vical cancer [225] as well as its value as an attractive molecular target
that can lead to promising therapeutic strategies to address the problem
of this malignancy [226].

The Cav-1 overexpression in E5-expressing cervical cells and its
well-known association with other cancers [227] are data that show
the need for further studies regarding its potential as a diagnostic mark-
er and therapeutic target of cervical cancer [228]. However, few re-
search studies have evaluated the Cav-1 expression in cervical
carcinoma samples. A recent study showed positive rates of Cav-1 in
normal cervical mucosa, CIN and cervical cancer of 0%, 33%, and 55%, re-
spectively, suggesting that Cav-1 may be a promoter of cell proliferation
in cervical cancer and thus a potential biomarker [228]. Furthermore,
Cav-1 may be linked to the ganglioside GM1, which is also increased
by E5, and plays a role in the immunosuppressive activity of HPV infect-
ed cells [227]. Interestingly, it was observed that detection of GM1 on
the surface of E5-expressing cells by means of fluorescence techniques
may be a useful strategy for identifying the early stages of hrHPV infec-
tion in Pap smears and other clinical specimens [227].

4.8. miRNAs

An increasing number of studies have highlighted significant
correlations between miRNA expression patterns with cervical cancer.
Several miRNAs have been shown to be dysregulated in cervical tumors
such as miR-21, miR-127, miR-145, miR-143, miR-155, miR-199th,
miR-146a, miR-29a, miR-15a, miR-16, miR-214, miR-218, and
miR-203 among others [2,21,24,111,112,229-231]. Some of these
miRNAs are already described in the literature as being influential in
neoplastic processes of a variety of cancers, which may help to clarify
their role in cervical carcinogenesis. However, studies with cervical
cell lines and clinical samples have been performed to identify and eval-
uate the diagnostic and prognostic significance of altered expression
patterns of miRNAs in cervical cancer.

By comparing normal cervical samples and cervical tumor samples,
an initial analysis showed a significant reduction of miR-143 and
miR-145 as well as increased expression of miR-21 in tumor tissues
[21,229]. Subsequent studies found a similar expression pattern of
miR-21, which shows the potential of this miRNA as a biomarker of
cervical cancer [87,231,232]. Some researchers also found a reduction
of miR-143 and miR-145 expression in cervical cancer [23,57,232]. The
study of Liu and colleagues demonstrated that miR-143 overexpression
blocks cervical tumor formation in mice which suggests its potential use
as a therapeutic target [233].

Other studies have found reduced expression of miR-203 in CIN up
to invasive cervical cancer [23,230], as well as an increased expression
of its target, ANp63, which implies there might be a correlation with
cancer progression [234,235]. Dysregulation of miR-200a is another sig-
nificant factor in cervical cancer. Hu and colleagues [230] demonstrated
that the link between this miRNA and the ability to predict survival in
patients, suggests that miR-200a expression levels could be useful as a
prognosis biomarker of cervical cancer.

To date, only three studies have evaluated miRNA expression in
premalignant lesions (CIN1-3) in addition to cervical cancer samples
[2,113,232]. For instance, Li and colleagues [113] found that the
miR-34a levels are reduced in cervical dysplasia and cancer compared
with normal tissue; in CIN2 and 3, compared with CIN1; and in hrHPV
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infected tissues compared with uninfected tissues. Hence, the authors
suggested that modulation of miR-34a by HPV is an early-onset event
in the development of cervical cancer in which potential biomarkers
may be involved. Similarly, Deftereous and colleagues [232] identified
a close link between increased expression of miR-21 and histological
diagnosis and suggested that this miRNA is a potential early predictor
of tumor progression in cervical carcinogenesis. In another study that
included pre-malignant lesions [23], eight miRNAs showed reduced ex-
pression during the transition from normal cervix to atypical dysplasia
to cancer (miR-26a, miR-143, miR-145, miR-99a, miR-203, miR-513,
miR-29a, miR-199a), and five miRNAs displayed increased expression
in the transition from normal cervix to atypical dysplasia to cancer
(miR-148a, miR-302b, miR-10a, miR-196a and miR-132). However, in
most of the published studies discrepancies have been found in the
results. The fact that there is a lack of consistent miRNA patterns to dis-
tinguish cervical dysplasias and cancer, may be due to variations found
in the normal cervical tissue used as control [24,230], or even the differ-
ent platforms and methods employed by laboratories. In view of this, it
will be necessary to perform further validation in larger samples sizes or
in multiple cohorts before miRNAs can be introduced into clinical
paractice as diagnostic and prognostic biomarkers.

5. Other forms of biomarkers

In addition to the use of biomarkers for the expression levels of
genes, proteins and miRNAs, other types of markers have been studied
in cervical cancer that are concerned with epigenetic events (methyla-
tion of CpG islands in promoter regions) and genetic events (amplifica-
tions, deletions, insertions or translocations) [236,237].

The methylation of several important genes for cellular mechanisms
is described in cervical cancer [238,239]. These studies have not deter-
mined a pattern of methylation in a wide range of samples; however de-
tection of methylation is a useful test that can be used as an adjunct to
the Pap smear for cervical cancer screening [240]. Recent papers have
been seeking to demonstrate that detecting methylated tumor suppres-
sor genes was a more accurate procedure than HPV DNA testing, since it
showed a higher degree of sensitivity and specificity when identifying
HSIL in triage of women with ASCUS [241,242]. Other studies showed
that methylation analysis may serve as an alternative molecular triage
tool for hrHPV positive women, and be able to detect more CIN3 cases
than hrHPV testing carried out in combination with conventional
cytology [243] and that it increases specificity from 33% to 78% for the
detection of CIN3 [244]. With regard to miRNAs, Botezatu and col-
leagues [245] showed hypermethylation of miR-124a and miR-203 in
precursor lesions, and suggested that this may plays a role in cervical
oncogenesis.

Aberrations involving chromosome 3 are important genetic events
in cervical cancer [246-248]. The gain of chromosome 3q is highly prev-
alent in cervical cancer-about 70% and has been shown to be associated
with the transition from pre-malignant CIN to invasive disease
[246,249-251]. Amplification of important genes located in this region,
such as hTERC and/or polysomy of chromosome 3, have been detected
by recent diagnostic tests using fluorescent in-situ hybridization
(FISH) technology. These tests have been carried out by some laborato-
ries such as NeoDiagnostix laboratory (Rockville, MD), and the
Quest Diagnostics Nichols Institute. This may be an adjunct to cytology
screening and HPV testing, since it can identify which LSIL and ASCUS
HPV + patients may be at risk of progressing to HSIL and cancer. How-
ever, these tests have not yet been cleared or approved by the U.S. Food
and Drug Administration (FDA).

The single nucleotide polymorphisms (SNPs) are the genetic events
that are most widely studied since high-throughput molecular biologi-
cal facilities are available [252]. Several works have discussed the
presence and association of genetic polymorphisms in both the host
genes and HPV genes with a susceptibility to HPV infection and cervical
cancer (as investigated by Freitas and coworkers) [253]. However,

further functional studies should be conducted to determine the real
significance of these polymorphisms [254,255] in the susceptibility
and development of cervical cancer.

6. Concluding remarks

Cervical cancer remains a leading cause of morbidity and mortality
for women worldwide. There is a need for robust biomarkers to opti-
mize screening methods and treatments, especially in developing coun-
tries where a large number of women are already infected by HPV and
mortality is closely linked to late diagnosis of neoplasias. The results of
current cyto-histological tests show low specificity in predicting the
risk of progressive premalignant lesions and as a result affected
women have been subjected to under- or over-treatment.

The molecular mechanisms that are promoted by HPV infection, are
necessary for the development of cervical cancer and reveal several
biomarkers which have a potential use in diagnosis and prognosis.
This review has highlighted the HPV-related biomarkers for the im-
provement of cervical cancer screening that have so far been evaluated.
The currently investigations of some of these biomarkers require further
tests to validate their routine use. However major immunohistochemi-
cal findings involving molecules such as p16 and Ki-67, have shown
their potential use in detecting grades of CIN (CIN 1, 2 or 3), risk and
progression, as well as making recommendations for the correct clinical
management of affected women. In addition, the evaluation of miRNAs
and other potential biomarkers, such as the molecular targets of HPV E5,
opens up new horizons for cervical cancer detection and therapy.
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