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Abstract

High-risk Human papillomavirus (HPV) plays a key role in cervical cancer development due
to its oncoprotein activities. The most frequent genotype in cervical lesions around the world is
HPV-16, but other types are also founded, and the presence of multi-infection is associated with
a higher risk of cervical cancer. E5 viral oncoprotein has a large range of tumorigenic attributes,
including the modulation of microRNAs expression and previous in vitro studies, have found an
inverse relationship between E5 and microRNA-203, although no direct correlation was reported.
Therefore, this study aimed to evaluate the profile of HPV infection and the possible correlation
between E5 and microRNA-203 expression. Eighty-one fresh biopsies classified as normal tissue,
cervical intraepithelial neoplasia grade (I, II, and III), and cancer were analyzed by qPCR. 83.95%
of the samples were positive for HPV infection, and HPV-16 was the most prevalent, followed by
HPV-31, HPV-58, HPV-18, and HPV-33. 29.41% of the samples were positive for more than one
type (HPV-16 and HPV-31; HPV-16 and HPV58; HPV-31 and HPV-58; HPV-33 and HPV-58;
HPV-18 and HPV-31; HPV-58 and HPV-18; HPV-16 and HPV-31 and HPV-18). We observed
an increased expression of E5 in high-grade stages and cancer specimens, while microRNA-203
showed an opposite expression pattern from E5 mRNA, displaying reduced expression levels
in cervical intraepithelial neoplasia IIT and cancer. These results help us to understand the HPV
infection better, and even with no correlation, E5 may still alter miR-203 indirectly.
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Introduction

HPV is closely related to the development of cervical carcinogenesis, which is one of the major
cause of death by cancer, and 87% of cases occurs in developing countries [1,2]. More than 90%
of them are associated with infection by high-risk HPVs [3,4]. In Brazil, as in most parts of the
world, HPV-16 is the most prevalent [5], but other types were also found in cervical pre-cancer
lesions and cancer, like HPV-31, HPV-33, HPV-35, HPV-45, HPV-52, HPV-18 and HPV-58 [6,7].
Besides the isolated type present in the lesion, the HPV multi-infection by two or more genotypes
is an important data that must be taken to account for both epidemiologic studies and prevention
programs. The risk of cervical carcinoma development is higher in a type of specific infection and
type-specific multi-infection [8].

In order to promote cellular disorder and generation of malignant cells, the HPV genome
encodes oncoproteins that can act separately or together when their effects become potentiated
[9]. Such oncoproteins offer a wide range of interactions with regulatory proteins of the cell cycle,
proliferation, differentiation, immune system, and cell metabolism. All these systems modified
cooperate to cervical cancer generation at the last stage [10].

Among the oncoproteins, E5 was considered absent in cervical carcinoma due to its loss during
viral integration into the host genome [10,11]. This integration is an established necessary step for
persistent infection and because of that, E5 would only exert its potential in the progression of
cervical lesions at early stages of infection [12-14]. Contradictorily, some studies showed that E5 was
present in part of the studied samples, even after viral integration, in precancerous and cancerous
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lesions [12,13].

As a consequence of viral oncoproteins activities, it was observed
aberrant profile levels of some microRNAs (miR) in cervical neoplasia
[1,15]. MicroRNAs are regulatory RNAs with a large scale of effects
upon de expression of many genes at a post-transcriptional level.
Some miR acts as tumor suppressors, like miR-203, and they act in a
large number of human neoplasia through direct inhibition of gene
products as ANp63, AKT2, Src, RUNX2 and ABL1 [16,17]. In normal
cervical conditions, the expression levels of miR-203 increase from
the basal to the upper layer, presenting higher expression in the most
differentiated cells [18,19].

Greco et al. [14] evaluated the expression of several miR in HaCaT
cells, and found altered expression of some miR in cells expressing
E5. They observed that miR-203 was down-regulated when E5
oncoprotein was present. Few studies have included miR-203 and
E5 expression at all stages of carcinogenesis (CIN I, CIN II, CIN III,
and cancer), and none of them, until our knowledge, have evaluated
the correlation between them in clinical samples with multi-infection
complimentary analysis.

Materials and Methods

Patients and samples

Eighty-one cervical biopsies were collected from the Institute of
Medicine - Professor. Fernando Figueira (IMIP) and Clinical Hospital
of UFPE (HC-UFPE), after patients, signed consenting terms. All the
women were between 18 and 70 years old and were from the north-
east of Brazil.

All grades of cervical lesions specimens were obtained: Cervical
intraepithelial neoplasia I - CIN I (n=19), cervical intraepithelial
neoplasia Il - CIN II (n=20), cervical intraepithelial neoplasia III - CIN
I (n=19) and cancer (n=14). A control group without lesion or HPV
infection (n=9) was also obtained. RNA later solution (Qiagen) was
used for the preservation of fresh biopsies and stored at -80°C until
the extraction procedure. Women with Human Immunodeficiency
Virus (HIV) and/or pregnant were excluded from this study.

All procedures performed were in accordance with the ethical
standards of the institutional Research Ethics Committee of the Federal
University of Pernambuco, Brazil, (Number: 03606212.7.0000.5208)
and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

DNA extraction and HPV detection

Extraction and purification of DNA were made by Trizol
(Invitrogen) and DN easy Blood & Tissue Kits (Qiagen), respectively.
The integrity of the DNA was assured by the amplification of the
B-globin human gene using the PC04 and GH20 primers [20].

Detection of HPV was made by PCR with MY09/11 primers [21],
and the genotype was performed by PCR with specific primers for
the region E7 from 5 specific types previously described as present in
the region [6,20] (Table 1). After an initial hold at 95°C for 3 min, 30
amplification cycles were performed (95°C for 15 s and annealing for
60 s), followed by final elongation step at 72°C for 1 min. Amplicons
were visualized by UV light after electrophoresis on a 2.5% agarose
gel stained with ethidium bromide.

RNA extraction and cDNA synthesis

Total RNA extraction was performed. All biopsies (25 mg to
100 mg) were macerated and homogenized using liquid nitrogen

and 1 ml de Trizol (Invitrogen). Purification of isolated total RNA
was performed through miRNA. Absolutely RNA Kit (Agilent
Technologies) following manufacturer's instructions, which permits
the recovery of both miRNA and mRNA. The RNA’s quality was
assured by a NanoDrop 2000 Spectrophotometer (Thermo Scientific
Wilmington, USA) and electrophoresis on a 1% agarose gel [22-
24]. Next, 1 pg of purified RNA of adequate quality (an OD260/280
from 1.8 to 2.1 and intact rRNA subunits - 28S and 18S) was used to
synthesize cDNA by means of miScript II RT kit (Qiagen). For each
sample, a negative control RT reaction (no Reverse Transcriptase
enzyme) was prepared.

Primers: Design and efficiency estimation to qPCR

Primers for genotyping and E5 detection were designed through
CLCbio Main Workbench software version 5.7.1 (QIAGEN). For E5
detection and quantification the primers sequences were: E5 HPV-16
(FFACTGGCTGCTTTTTGCTTTGRGACACAGA
CAAAAGCAGCGG)E5HPV-18(FECGCTTTTGCCAT
CTGTCTGT;RRACACAAATACCAATACCCATGCQ)
ESHPV-31 (FFGCTGTCTGTGTCGGTATAT;RRAAAA
CAACGTAATGGAGAGG);ESHPV-33 (:CTATGCTT
GGTTGCTGGTGT;:RRGAGATCCCACAAACACCC
AAA);E5HPV-58 FGGGTCGGCTCTACGAATTTT;R:
CTTGTTGGGTTAAGTATTGT G C). MicroRNAs primers
were obtained from miScript primer assay (Qiagen). All reference
genes used to acquire miR-203 expression levels (miR-191 and miR-
23a) and E5 HPV 16 (GAPDH and ACTB) were previously validated
in cervical tissues [23]. Primer pair’s efficiency was evaluated by serial
dilution of 10 potencies, and it was used as an actual cDNA of an
HPV positive cervical sample to exemplify the real assay condition.

Real-time gPCR for E5 mRNA and miR-203

E5 mRNA and miR-203 from normal and all stages of
carcinogenesis (CIN I, CIN II, CIN III, and cancer) were quantified
using Quanti Tect SYBR Green PCR kit (Qiagen)and the amplification
performed by Rotor-Gene 6000 thermocycler (Qiagen, Hilden,
Germany). This way, the geometric mean of GAPDH and ACTB
reference genes was used to calculate the relative expression of E5
from HPVs mRNA, and the same was done regarding miR-203, using
miR-191 and miR-23a as reference genes [25]. Every qPCR reaction
was performed in duplicate for each sample [26]. Additionally, no
template controls were added to detect contamination. For more
details about qPCR assay, see Leitao et al. [23].

Statistical analysis

Statistical analysis was performed using Graph Pad Prism (version
5.0) and Stata/SE (Version 12.0) software. Shapiro-Wilk test was
made to determine if the data has or has not a Gaussian distribution.
Kruskal-Wallis test and Dunn’s comparison test were conducted to
compare the expression levels in all tissue conditions at the same
time. Correlation between E5 mRNA and miR-203 expression was
evaluated by the Spearman correlation test. P-values lower than 0.05
were considered statistically significant.

Results

Detection, genotype, and multi-infection

Sixty-eight samples from patients with cervical lesions were
positive for one or more than one type of HPV, and thirteen samples
with lesion were negative for HPV infection (2NIC I, 6 NIC II, 2NIC
IIL, and 3 Cancer). The HPV 16 was the most prevalent, followed
by HPV-31, HPV-58, HPV-18, and HPV-33 (Table 2). A total of 20
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Table 1: Primers and annealing temperature for HPV genotype.

Primers Sequence Amplicon Annealing temperature
HPV 16 F:AGCTCAGAGGAGGAGGATGA R:GAGAACAGATGGGGCACAAC 199 pb 60°C
F:CAACACGGCGACCCTACAA °
HPV18 R AGCATGGGGTATACTGTCTCT 170pb 52.5°C
F:CGTTTTCGGTTACAGTTTTACAAGC o
HPV 31 R:AGCTGGACTGTCTATGACAT 728pb s5%C
HPV 33 F:ACTGAGGAAAAACCACGAAC R:GATAAGAACCGCAAACACAGT 200 pb 61°C
HPV 58 F:GAAATAGGCTTGGACGGGC R:GTTCGTACGTCGGTTGTTGT 131 pb 60°C
Table 2: Positive samples for each HPV type most frequent in north-east of
Brazil. r e \
HPV Lesion stage 16 | 31 58 18 | 33 e
*
CIN 1 9 9 3 1
CIN2 7 7 3 2 1 L .
Numberof samples o
CIN3 9 7 7 1 = 1- T
-
Cancer 10 4 1 g 0.03125- T - !
@ %
2
samples were positive for more than one HPV type, and the most Z 9.8x10% - )
common multi-infection type was HPV-16 and HPV-31 followed by S .
HPV-16 and HPV-58; HPV-31 and HPV-58; HPV-33 and HPV-58; e T T T T
HPV-18 and HPV-31; HPV-58 and HPV-18; HPV-16 and HPV-31 CINT CIN I cnn CANCER

and HPV-18 (Table 3).

mRNA expression profile of E5 oncogene in clinical
specimens

E5 HPV mRNA expression profile was evaluated comparing all
lesion groups simultaneously and also comparing two groups by
turn. From the most incident to the least, E5 HPV-16 was detected
in 29 samples from the 35 that were positive for HPV-16 (9 CIN I, 3
CIN II, 10 CIN III, and 7 cancer). There was a significant statistical
difference between the E5 HPV-16 expression among the groups
studied (p=0.0041). The oncoprotein showed a progressive rising
from CIN I to cancer and differential expression between CIN I and
CIN IIT (p<0.001); CIN I and cancer (p<0.01); CIN II and CIN IIT
(p<0.05) (Figure 1).

E5 HPV 31 mRNA was detected in 10 samples of the 27 positives
for HPV 31(1 CIN L, 3 CIN IL, 3 CIN III and 4 cancer). The expression
increased from CIN I to CIN II, followed by a decrease in CIN III
and then was up again in cancer. No statistical difference was found
between the lesions groups.

From the 13 samples positive for HPV 58, the E5 oncogene
was detected in 6 (1 sample CIN II and 5 CIN III). Because of the
small number of E5 positive samples, no statistical analysis could be
performed.

In both HPVs, 18 and 33 samples were detected E5 mRNA in
2 samples, each one. Due to that, no statistical analysis was applied.

Expression profile of miR-203 in clinical specimens
The statistic evaluation methods applied were the same used

Table 3: Multi-infection profile.

Figure 1: Quantitative relative expression of E5 HPV-16 in precancerous and
cancerous lesions. The applied statistical tests were Kruskal-Wallis, which
compares all groups simultaneously (p=0.0041) and Dunn’s comparison
test to compare the expression between two groups. Significant p values
were obtained when comparing: CIN | vs. CIN Il (p<0.001); CIN | vs. cancer
(p<0.01) and CIN Il vs. CIN Ill (p<0.05).

*p<0.05; *p<0.01; **p<0.001

1
1024+

1]
= 324 .
s o [T
=9 . v
g g i ) , =
X o003125{ . - *e

9.8.10 T T T T T

MORMAL ciN g CIN I CINIn CANCER

Figure 2: Quantitative relative expression of microRNA-203 in normal,
precancerous, and cancerous lesions. The applied statistical test was
Kruskal-Wallis and Dunn’s comparison test. Kruskal-Wallis test showed
no significant difference between all groups however, Dunn’s test showed
different expression profiles between normal vs. CIN | and normal vs. cancer
showed statistical significance (p=0.05).

*p<0.05; *p<0.01; **p<0.001

for E5 mRNA. At first, Kruskal-Wallis test showed no significant
difference between all groups. Evaluating two groups by two through
Dunn’s test, we observed a decreased expression level of miR-203

HPV Lesion stage 16/31 16/58 31/58 33/58 18/31 58/18 16/31/18
CIN1 2 1 2
CIN 2 2 1 1 1
Number of samples
CIN3 2 2 1 1
Cancer 3 1
Total 20 9 4 3 1 1 1 1
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Table 4: Rho coefficients from the comparison between E5 from HPV-16 and miR-203. No p value was lower than p<0.05.

CIN | E5 HPV-16 CIN Il E5 HPV-16 CIN Il E5 HPV-16 Cancer E5 HPV-16
CIN I miR-203 -0.4285714
CIN Il miR-203 0.7
CIN lll miR-203 -0.0958101
Cancer 0.086

Table 5: Rho coefficients of lesions rates comparison between E5 from HPV 31
and miR-203. No p-value was lower than p<0.05.

CIN Il E5 HPV-31 | CIN Il E5 HPV-31

Cancer E5 HPV-31

CIN Il miR-203 0.500
CIN Il miR-203 0.500
Cancer 0.800

with statistical significance between normal group vs. CIN I (p<0.05)
and normal group vs. cancer (p<0.05) (Figure 2).

Correlation between the relative expression of E5 and
miR-203 in clinical specimens

We applied the Spearman correlation test to evaluate the supposed
association between the expression of E5 mRNA and miR-203. Due
to the number of samples positives for E5 from HPV 58, 18, and 33,
no correlation analysis could be performed.

No correlation was observed between E5 HPV 16 and miR-203,
for p<0.05 (Table 4).

The analysis of the correlation between E5 HPV 31 and miR-203
was also performed, but without de CIN I group due to the lower

number of E5 samples. Also, no correlation was found for p<0.05
(Table 5).

Discussion

HPV multi-infection in cervical biopsies

The most prevalent HPV types in the northeast population of
Brazil were found in the studied samples, and all of they are high-
risk HPV types linked to a higher probability of cancer formation [6].
Besides that, the presence of two or more HPV types is often founded
in cervical cancer patients, and women with multiple types of HPV
have a higher prevalence of abnormal cytology [27]. In our data,
29.4% of infected patients presented infection by two HPV types at
the same time - HPV-16 and HPV-31; HPV-16 and HPV-58; HPV-31
and HPV-58; HPV-33 and HPV-58; HPV-18 and HPV-31; HPV-58
and HPV-18 or by three HPVs - HPV-16 and HPV-31 and HPV-18.
A study in India found that HPV multi-infection is associated with a
higher risk of cervical cancer development, and infection by two or
more types excluding HPV-16 and HPV-18 had an Oddis Ratio (OR)
of 5.87 and 2.5, respectively. Also, multi-infection by HPV a9 (such
as HPV-16, -31, -33, -58) have an OR=5.3 and by a7 (like HPV-18)
an OR=2.5 [8].

The multi-infection by those HPVs not covered by the vaccines
has 2.94 folds higher chance to lead to cervical carcinoma; luckily
the most founded types in the population are targeted by both
Gardasil and Cervarix vaccines. Interestingly, HPVs from different
phylogenetic branches in the multi-infection situation is negatively
associated with cervical cancer, which in our results are the least
prevalent types combined -HPV-18 and HPV-31; HPV-58 and HPV-
18 [8].

Even with vaccine coverage, a significant number of women are
not protected since the vaccination in Brazil is only for girls between
the age of 9 and 14 years old and because there no effect against
installed infection. Other combat methods have been developed;
however, most of them are based on specific HPV type's oncoproteins
or capside [28-30]. Therefore, profile studies in each world population
must be taken into account as part of a prognostic measure and
therapeutic new approaches that target specific HPVs oncoproteins.

Expression profile of E5 in clinical biopsies

All oncoproteins play critical roles in cervical lesion development
and carcinoma, yet E5 requires considerable attention since its
mechanisms in cervical carcinogenesis are not entirely understood.
Some reports have observed E5 contribution to carcinogenesis
by promoting virus replication, cell cycle continuation [31-33],
inhibition of apoptosis [34], cell adhesion, and motility disruption
[35,36], EGFR surface expression [37,38] and host immune system
depression [12,39]. Liao et al. [40], for example, found pieces of
evidence that E5 supports proliferation, migration, and invasion
of cancer cells in vitro and cell growth in vivo. Still, little is known
regarding E5 relative expression in cancer or precancerous lesions.

In this paper, E5 oncogene mRNA expression was measured, and
it was observed an expression increase as the lesions became more
severe. There was a statistically significant difference in expression
between CIN I x CIN III, CIN I x cancer, and CIN II x CIN III. A
significant difference was found between the relative expression in
CIN II and CIN IIT as mentioned above, suggesting that CIN II and
CIN III lesions have different molecular patterns of infections and
maybe a form of differentiation in cases of histopathological doubts.

Our results are contrary to those in the literature which points
that E5 expression is greater in low-grade lesions than in high grade
and cancer, due to viral genome integration, a known cause of E5
loss, and thus this oncogene would mostly act in the early stage of
carcinogenesis [41-44]. This contrast in E5 expression may be due
to differences in the integration pattern, which is more frequently
observed in CIN III, in addition to cancer, than in the CIN II stage
[45]. However, E5 expression was found before in cancer and high-
grade stages in accordance with our findings [46-50]. Hafner et al.
[48], for example, concluded that E5 expression was not correlated to
specimen histological grade, but only to viral physical status (whether
episomal or integrated).

Several hypotheses have been created trying to explain these
opposite results. The ones who found low expression levels in high
grade and cancer stages rely on the hypothesis of physical loss of E5
after viral integration into the host genome. Other researchers who
defend the activity of E5 in late stages of carcinogenesis explain that
viral episomal form also exists in high grade and cancer tissue, and
such cells are responsible for E5 expression.

E5 expression here was not only found in cancer and high-grade
specimens but was higher at these stages than in low-grade lesions,
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occurring a gradual increase as lesions become closer to carcinoma
or total transformation process. Possibly, E5 oncogene also supports
carcinogenesis at later stages, and the episomeco exists with the
integrated form in the same cell, helping each other to induce cell
transformation. Another possibility is that there are cells with
different HPV status, and the E5 expression increased substantially,
causing a final relative amount higher than the earlier precancerous
stages. Cancer and CIN III relative expression data showed a larger
distribution pattern than CIN IT and CIN I groups, with a higher inter
quartile range and variation coefficient. This attribute is consistent
with tissues in pre-cancer or cancer state that have many alterations
and heterogeneity and supports the idea of possible different viral
forms. Still, another hypothesis may be mentioned. Sahab et al.
[49] reported that E5 could be expressed even in cells exclusively
containing integrated HPV genome, what could also explain high
expression levels of this oncogene in several samples found in studies
such as Hafner et al. [48], Chen et al. [50] and ours. Previous studies
that motivate Sahab et al. [49] had already observed E5 transcript in
cells with an integrated HPV genome [46,51]. It seems that other hot
spots in the viral genome may represent important fragile sites of
gene breaking besides E5 and E2.

Variations in results through studies may also be due to other
reasons derived from different experimental models used as the small
number of samples in vivo models and the differences in models
themselves, such as in vitro vs. in vivo, the relative quantitative
expression method or the chosen standard control used. Furthermore,
variations between and into populations and between individuals
(clinical and biological differences) can also alter data insight.

Expression profile of microRNA-203 in clinical specimens

MicroRNAs are essential small molecules for the regulation of
gene expression and have achieved great importance in cancer study,
whether in prognostic, diagnostic or in therapeutic approaches.
In cervical carcinogenesis, there are several key microRNAs that
regulate the cell cycle, proliferation, differentiation, apoptosis, and are
distinctly expressed, including miR-203 [52,53]. It has been reported
that miR-203 expression inhibits cell proliferation, both in vitro
[54-56] or in vivo [57], and it is known to be critical in controlling
proliferation and differentiation rate of keratinocytes [53,55,58]. This
microRNA is specific to epithelial tissue [18] and plays an essential
role in the development of stratified epithelium [57].

In this work, it was demonstrated that miR-203 relative
expression levels were decreased in cancers specimens compared to
normal. The normal group also showed different expression patterns
with statistical significance when compared to CIN I group. MiR-
203 levels have been reported to be decreased in cancer, in previous
in vitro and clinical studies. Wilting et al. [56] revealed augmented
methylation levels in CIN III and in squamous cervical carcinoma
clinical samples. They also showed increased methylation in cervical
cancer and HPV immortalized cell lineages, and the methylation
status was indirectly associated withmiR-203 expression levels in
vitro.

miR-203 is situated on a CpG island and can frequently undergo
local DNA hypermethylation. Aberrant miRNA methylation causing
altered expression profile is frequent in cervical cancer [59-61],
mostly due to hrHPV presence [1,62-64]. It had been demonstrated
that HPV-16 oncogenes could regulate fundamental epigenetic
mechanisms and enzymes, such as DNA methyltransferases - Jimenez-
Wences et al. [65] describes it well - which changes the expression

profile of central host genes, such as tumor suppressor genes like p53
and microRNAs [66-69]. These variations cause cell transformation
and the subsequent cancer event. On the other hand, Wilting et al.
[56] concluded that miR-203 expression was not correlated to hrHPV
infection, however hrHPV oncogenes expression were not measured,
and a detailed evaluation with appropriate data about hrHPV
influence upon miR-203 expression was absent.

Increased methylation pattern in the miR-203 gene was also
encountered by Botezatu et al. [1] in biopsy tissues collected from
patients with cervical precursor lesions and tumors, but they did not
measure the expression levels of this microRNA. Other studies showed
significant miR-203 down regulation in high-grade lesions compared
to the normal cervix [70], in invasive squamous cell carcinoma biopsy
specimens [71], and in atypical dysplasia and cancer samples [72].

Previous studies evaluated the relative expression of HPV
oncogenes and miR-203. McKenna et al. [55] observed in cell culture
models that E6 expression was associated with miR-203 decrease
through p53 degradation, creating an imbalance on proliferation and
differentiation rates. They also revealed miR-203 regulation by E7
following DNA damage and affecting differentiation. E7 activity upon
miR-203 was also reported before through MAPK/PKC pathway and/
or by a mechanism involving PMA - phorbol 12-myristate 13-acetate
[53]. In this same study, the authors suggested miR-203 could be
involved in HPV genome amplification and had its expression
reduced in cervical cancer, which may justify findings since in the
cancer group, where the reduction in miR-203 expression levels was
evident.

MiR-203 over expression has also been demonstrated in cervical
cancer, including over expression in the serum of patients with
cervical adenocarcinoma and squamous cervical cell carcinoma
[72,73,15]. The conflicting results regarding miR-203 expression in
cancer may be due to the chosen normalization method, among other
factors, such as differences in the population (e.g. genetic, aging,
healthy, latent viral infections) or in sample processing, subjective
lesion degree classification and chosen experimental methods
(e.g. in vitro x in vivo; Tagman x Syber Green). Data from biopsy
specimens, for example, have a higher standard deviation than a
cell model controlled experiment, which has a significant influence
upon statistical analyses. Leitao et al. [23] showed that the expression
profile might change depending on which and how many reference
genes are used. They conclude that, at least, two most stable miRNAs
or mRNA must be used for proper normalization method and
expression quantification.

Correlation between E5 and miR-203 expression profiles

Greco et al. [32] observed miR-203 expression in cancer cells
stably transfected with E5 and concluded that in E5 positive cancer
cell lines, this microRNA presented lower levels than cancer cells
negative for E5 from HPV-16. These lower levels of miR-203 raise
the hypothesis that E5 may act down regulating this microRNA,
and based on their study, we evaluated the existence of a correlation
between E5 and miR-203 expression. We evaluated each sample
expressing E5 of HPV 16 and miR-203 at all stages of carcinogenesis,
observing any association between different groups of lesions.

CIN I showed a negative Rho coefficient between E5 and miR-
203, indicating opposite expression patterns. The same was observed
when compared to both CIN III groups, but in this case, E5 mRNA
expression levels were elevated while miR-203 was decreased. Rho
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coefficient in CIN II and in cancer compared groups was positive: In
the first, both targets increased its levels together, and in the second
group even with a weakly positive value, its visual tendency is for
a negative relation, with miR-203 decreasing and E5 increasing its
expression.

None of the comparisons showed statistical significance, which
can be explained either by the fact that several other molecules are
interacting with the studied targets or by the real absent correlation.
Many factors are involved in gene expression in a complex net of
protein relations. Besides, E5 may have indirectly effect on miR-203
through several others pathways, like methylation [1,65], disruption
of miRNA-203 biogenesis (by DROSHA/DICER modulation) at the
post-transcriptional level [75] or activation of AKT/PI3K pathway,
that also is targeted by miR-203 [17,76], among others.

Conclusion

Between different groups of injuries: Our results showed the
down regulation of miR-203 in cervical cancer. Its expression was
also able to differentiate low grade, CIN I lesion, from normal cervix
reassuring its possible role as a biomarker. In turn, E5 HPV-16
demonstrated increased expression in high-grade lesions and cancer
compared to low-grade ones, which can be useful in differentiating
the cervical lesions, a challenge for our current method applied, and
shows that E5 may have an essential role at late stages of infection.
No correlation between the targets was found, although the indirect
effect of E5 on miR-203 expression cannot be discarded. In this view,
miR-203 and E5 are potential candidates for studies aiming for its use
in the diagnosis, prognosis, and as a target for cervical lesions and
cancer treatment.

Acknowledgement

The authors would like to thank Dr. Antdnio Roberto Lucena for
help with statistical analysis.

Funding

This study was supported by the FACEPE/PRONEM APQ-0562-
2.02/14 and FACEPE/PPSUS APQ-0748-2.02/17.

References

1. Botezatu A, Goia-Rusanu CD, Iancu IV, Huica I, Plesa A, Socolov D, et
al. Quantitative analysis of the relationship between microRNA-124a,
-34b and -203 gene methylation and cervical oncogenesis. Mol Med Rep.
2011;4(1):121-8.

2. Frazer IH. Prevention of cervical cancer through papillomavirus
vaccination. Nat Rev Immunol. 2004;4(1):46-54.

3. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, Shah
KV, et al. Human papillomavirus is a necessary cause of invasive cervical
cancer worldwide. J Pathol. 1999;189(1):12-9.

4. Castellsagué X, Diaz M, de Sanjosé S, Munoz N, Herrero R, Franceschi S, et
al. Worldwide Human papillomavirus etiology of cervical adenocarcinoma
and its cofactors: Implications for screening and prevention. ] Natl Cancer
Inst. 2006;98(5):303-15.

5. Gurgel APAD, Chagas BS, do Amaral CM, Nascimento KCG, Leal LRS,
Silva Neto JDC, et al. Prevalence of Human papillomavirus variants and
genetic diversity in the L1 gene and long control region of HPV16, HPV 31,
and HPV58 found in north-east Brazil. Biomed Res Int. 2015;2015:130828.

6. Chagas BS, Comar M, Gurgel APAD, Paiva S, Seraceni S, de Freitas AC,
et al. Association study between cervical lesions and single or multiple
vaccine-target and non-vaccine target Human papillomavirus (HPV) types

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

in women from northeastern Brazil. PLoS One. 2015;10(7):e0132570.

Adams S, Neill DWO, Nonaka D, Hardin E, Chiriboga L, Siu K, et al. NIH
Public Access. Gao J-X, editor. PLoS One [Internet]. 2012 [cited 2016 May
24];6(1):1-11.

Senapati R, Nayak B, Kar SK, Dwibedi B. HPV genotypes co-infections
associated with cervical carcinoma: Special focus on phylogenetically related
and non-vaccine targeted genotypes. PLoS One. 2017;12(11):¢0187844.

HuL, Ceresa BP. Characterization of the plasma membrane localization and
orientation of HPV16 E5 for cell-cell fusion. Virology. 2009;393(1):135-43.

Fehrmann F, Laimins LA. Human papillomaviruses: Targeting
differentiating epithelial cells for malignant transformation. Oncogene.
2003;22(33):5201-7.

Muto V, Stellacci E, Lamberti AG, Perrotti E, Carrabba A, Matera G, et
al. Human papillomavirus type 16 E5 protein induces expression of beta
interferon through interferon regulatory factor 1 in human keratinocytes.
J Virol. 2011;85(10):5070-80.

Ashrafi GH, Haghshenas M, Marchetti B, Campo MS. E5 protein of Human
papillomavirus 16 downregulates HLA class I and interacts with the heavy
chain via its first hydrophobic domain. Int J Cancer. 2006;119(9):2105-12.

Gruener M, Bravo IG, Momburg F, Alonso A, Tomakidi P. The E5 protein
of the Human papillomavirus type 16 down-regulates HLA-I surface
expression in calnexin-expressing but not in calnexin-deficient cells. Virol
J.2007;4:116.

Araibi EH, Marchetti B, Ashrafi GH, Campo MS. Downregulation of
major histocompatibility complex class I in bovine papillomas. ] Gen
Virol. 2004;85(Pt 10):2809-14.

Ling H, Fabbri M, Calin GA. MicroRNAs and other non-coding RNAs
as targets for anticancer drug development. Nat Rev Drug Discov.
2013;12(11):847-65.

Qrom UA, Lim MK, Savage JE, Jin L, Saleh AD, Lisanti MP, et al.
MicroRNA-203 regulates caveolin-1 in breast tissue during caloric
restriction. Cell Cycle. 2012;11(7):1291-5.

YuH,Lu]J,ZuoL, Yan Q, YuZ,Li X, etal. Epstein-Barr virus downregulates
microRNA 203 through the oncoprotein latent membrane protein 1: A
contribution to increased tumor incidence in epithelial cells. J Virol.
2012;86(6):3088-99.

Sonkoly E, Wei T, Janson PCJ, Sdif A, Lundeberg L, Tengvall-Linder M, et
al. MicroRNAs: Novel regulators involved in the pathogenesis of psoriasis?
PL0S One. 2007;2(7):e610.

Wei T, Orfanidis K, Xu N, Janson P, Stdhle M, Pivarcsi A, et al. The
expression of microRNA-203 during human skin morphogenesis. Exp
Dermatol. 2010;19(9):854-6.

Baldez da Silva MFPT, Chagas BS, Guimaraes V, Katz LMC, Felix PM,
Miranda PM, et al. HPV31 and HPV33 incidence in cervical samples from
women in Recife, Brazil. Genet Mol Res. 2009;8(4):1437-43.

Chagas BS, Batista MV A, Guimaraes V, Balbino VQ, Crovella S, Freitas
AC. New variants of E6 and E7 oncogenes of Human papillomavirus type
31 identified in Northeastern Brazil. Gynecol Oncol. 2011;123(2):284-8.

Bustin SA. Why the need for gPCR publication guidelines? The case for
MIQE. Methods. 2010;50(4):217-26.

da Concei¢io Gomes Leitao M, Coimbra EC, de Cassia Pereira de Lima R,
de Lima Guimariaes M, de Andrade Heraclio S, da Costa Silva Neto J, et al.
Quantifying mRNA and microRNA with qPCR in cervical carcinogenesis:
A validation of reference genes to ensure accurate data. PLoS One.
2014;9(11):e111021.

Rueda-Martinez C, Lamas O, Mataré MJ, Robledo-Carmona J, Sdnchez-
Espin G, Jiménez-Navarro M, et al. Selection of reference genes for
quantitative real time PCR (qPCR) assays in tissue from human ascending

Remedy Publications LLC., | http://clinicsinoncology.com/

2020 | Volume 5 | Article 1737


https://pubmed.ncbi.nlm.nih.gov/14704767/
https://pubmed.ncbi.nlm.nih.gov/14704767/
https://pubmed.ncbi.nlm.nih.gov/10451482/
https://pubmed.ncbi.nlm.nih.gov/10451482/
https://pubmed.ncbi.nlm.nih.gov/10451482/
https://pubmed.ncbi.nlm.nih.gov/16507827/
https://pubmed.ncbi.nlm.nih.gov/16507827/
https://pubmed.ncbi.nlm.nih.gov/16507827/
https://pubmed.ncbi.nlm.nih.gov/16507827/
https://pubmed.ncbi.nlm.nih.gov/25793187/
https://pubmed.ncbi.nlm.nih.gov/25793187/
https://pubmed.ncbi.nlm.nih.gov/25793187/
https://pubmed.ncbi.nlm.nih.gov/25793187/
https://pubmed.ncbi.nlm.nih.gov/26176537/
https://pubmed.ncbi.nlm.nih.gov/26176537/
https://pubmed.ncbi.nlm.nih.gov/26176537/
https://pubmed.ncbi.nlm.nih.gov/26176537/
https://pubmed.ncbi.nlm.nih.gov/29161285/
https://pubmed.ncbi.nlm.nih.gov/29161285/
https://pubmed.ncbi.nlm.nih.gov/29161285/
https://pubmed.ncbi.nlm.nih.gov/19712955/
https://pubmed.ncbi.nlm.nih.gov/19712955/
https://pubmed.ncbi.nlm.nih.gov/12910257/
https://pubmed.ncbi.nlm.nih.gov/12910257/
https://pubmed.ncbi.nlm.nih.gov/12910257/
https://europepmc.org/article/MED/21389130
https://europepmc.org/article/MED/21389130
https://europepmc.org/article/MED/21389130
https://europepmc.org/article/MED/21389130
https://pubmed.ncbi.nlm.nih.gov/16823848/
https://pubmed.ncbi.nlm.nih.gov/16823848/
https://pubmed.ncbi.nlm.nih.gov/16823848/
https://pubmed.ncbi.nlm.nih.gov/17971213/
https://pubmed.ncbi.nlm.nih.gov/17971213/
https://pubmed.ncbi.nlm.nih.gov/17971213/
https://pubmed.ncbi.nlm.nih.gov/17971213/
https://pubmed.ncbi.nlm.nih.gov/24172333/
https://pubmed.ncbi.nlm.nih.gov/24172333/
https://pubmed.ncbi.nlm.nih.gov/24172333/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3350875/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3350875/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3350875/
https://pubmed.ncbi.nlm.nih.gov/22205737/
https://pubmed.ncbi.nlm.nih.gov/22205737/
https://pubmed.ncbi.nlm.nih.gov/22205737/
https://pubmed.ncbi.nlm.nih.gov/22205737/
https://pubmed.ncbi.nlm.nih.gov/17622355/
https://pubmed.ncbi.nlm.nih.gov/17622355/
https://pubmed.ncbi.nlm.nih.gov/17622355/
https://pubmed.ncbi.nlm.nih.gov/20698882/
https://pubmed.ncbi.nlm.nih.gov/20698882/
https://pubmed.ncbi.nlm.nih.gov/20698882/
https://pubmed.ncbi.nlm.nih.gov/20013657/
https://pubmed.ncbi.nlm.nih.gov/20013657/
https://pubmed.ncbi.nlm.nih.gov/20013657/
https://pubmed.ncbi.nlm.nih.gov/20025972/
https://pubmed.ncbi.nlm.nih.gov/20025972/
https://pubmed.ncbi.nlm.nih.gov/25365304/
https://pubmed.ncbi.nlm.nih.gov/25365304/
https://pubmed.ncbi.nlm.nih.gov/25365304/
https://pubmed.ncbi.nlm.nih.gov/25365304/
https://pubmed.ncbi.nlm.nih.gov/25365304/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4026239/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4026239/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4026239/

Antonio Carlos de Freitas, et al.,

Clinics in Oncology - General Oncology

25.

26.

2

~

28.

29.

30.

31.

32.

3

w

34.

35.

36.

37.

38.

39.

40.

4

j

42.

aorta. Esteban FJ, editor. PLoS One. 2014;9(5):€97449.

Hellemans J, Mortier G, De Paepe A, Speleman F, Vandesompele J. qBase
relative quantification framework and software for management and
automated analysis of real-time quantitative PCR data. Genome Biol.
2007;8(2):R19.

Nolan T, Hands RE, Bustin SA. Quantification of mRNA using real-time
RT-PCR. Nat Protoc. 2006;1(3):1559-82.

. Dickson EL, Vogel RI, Geller MA, Downs LS. Cervical cytology and

multiple type HPV infection: A study of 8182 women ages 31-65. Gynecol
Oncol. 2014;133(3):405-8.

Hancock G, Hellner K, Dorrell L. Therapeutic HPV vaccines. Best Pract
Res Clin Obstet Gynaecol. 2018;47:59-72.

Shibata T, Lieblong BJ, Sasagawa T, Nakagawa M. The promise of
combining cancer vaccine and checkpoint blockade for treating HPV-
related cancer. Cancer Treatment Reviews. W.B. Saunders Ltd; 2019;78:8-
16.

Smalley Rumfield C, Pellom ST, Morillon YM, Schlom J, Jochems C.
Immunomodulation to enhance the efficacy of an HPV therapeutic
vaccine. ] Immunother Cancer [Internet]. 2020 Jun 17 [cited 2020 Aug
18];8(1).

Kivi N, Greco D, Auvinen P, Auvinen E. Genes involved in cell adhesion,
cell motility and mitogenic signaling are altered due to HPV 16 E5 protein
expression. Oncogene. 2008;27(18):2532-41.

Greco D, Kivi N, Qian K, Leivonen S-K, Auvinen P, Auvinen E. Human
papillomavirus 16 E5 modulates the expression of host microRNAs. PLoS
One. 2011;6(7):€21646.

. Bergner S, Halec G, Schmitt M, Aubin F, Alonso A, Auvinen E. Individual

and complementary effects of Human papillomavirus oncogenes on
epithelial cell proliferation and differentiation. Cells Tissues Organs.
2016;201(2):97-108.

Kabsch K, Mossadegh N, Kohl A, Komposch G, Schenkel ], Alonso A, et al.
The HPV-16 E5 protein inhibits TRAIL- and FasL-mediated apoptosis in
human keratinocyte raft cultures. Intervirology. 2004;47(1):48-56.

Oelze I, Kartenbeck J, Crusius K, Alonso A. Human papillomavirus type 16
E5 protein affects cell-cell communication in an epithelial cell line. ] Virol.
1995;69(7):4489-94.

Kivi N, Ronty M, Tarkkanen ], Auvinen P, Auvinen E. Cell culture model
predicts human disease: Altered expression of junction proteins and matrix
metalloproteinases in cervical dysplasia. BMC Clin Pathol. 2012;12:9.

Straight SW, Herman B, McCance D]J. The E5 oncoprotein of Human
papillomavirus type 16 inhibits the acidification of endosomes in human
keratinocytes. ] Virol. 1995;69(5):3185-92.

Suprynowicz FA, Disbrow GL, Krawczyk E, Simic V, Lantzky K, Schlegel
R. HPV-16 E5 oncoprotein upregulates lipid raft components caveolin-1
and ganglioside GM1 at the plasma membrane of cervical cells. Oncogene.
2008;27(8):1071-8.

Marchetti B, Ashrafi GH, Tsirimonaki E, O'Brien PM, Campo MS. The
bovine papillomavirus oncoprotein E5 retains MHC class I molecules
in the Golgi apparatus and prevents their transport to the cell surface.
Oncogene. 2002;21(51):7808-16.

Liao S-J, Deng D-R, Zeng D, Zhang L, Hu X-J, Zhang W-N. HPV16 E5
peptide vaccine in treatment of cervical cancer in vitro and in vivo. J
Huazhong Univ Sci Technolog Med Sci. 2013;33(5):735-42.

.Dimaio D, Mattoon D. Mechanisms of cell transformation by

papillomavirus E5 proteins. Oncogene. 2001;20(54):7866-73.

Nagao S, Yoshinouchi M, Miyagi Y, Hongo A, Kodama J, Itoh S, et al. Rapid
and sensitive detection of physical status of Human papillomavirus type 16
DNA by quantitative real-time PCR. ] Clin Microbiol. 2002;40(3):863-7.

4

44,

4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

6

6

3.

5.

.°\

7.

8.

9.

0.

—

2.

3.

4.

5.

o

7.

8.

9.

=4

—

Lorenzon L, Mazzetta F, Venuti A, Frega A, Torrisi MR, French D. In vivo
HPV 16 E5 mRNA: Expression pattern in patients with squamous intra-
epithelial lesions of the cervix. ] Clin Virol. 2011;52(2):79-83.

Venuti A, Paolini F, Nasir L, Corteggio A, Roperto S, Campo MS, et al.
Papillomavirus E5: The smallest oncoprotein with many functions. Mol
Cancer. 2011;10(1):140.

Wentzensen N, Vinokurova S, Doeberitz M von K, von KDM. Systematic
review of genomic integration sites of Human papillomavirus genomes in
epithelial dysplasia and invasive cancer of the female lower genital tract
systematic review of genomic integration sites of Human papillomavirus
genomes in epithelial dyspl. Cancer Res. 2004;64(11):3878-84.

Shirasawa H, Tomita Y, Kubota K, Kasai T, Sekiya S, Takamizawa H,
et al. Transcriptional differences of the Human papillomavirus type 16
genome between precancerous lesions and invasive carcinomas. J Virol.
1988;62(3):1022-7.

Chang JL, Tsao YP, Liu DW, Huang SJ, Lee WH, Chen SL. The expression
of HPV-16 E5 protein in squamous neoplastic changes in the uterine
cervix. ] Biomed Sci. 2001;8(2):206-13.

Hafner N, Driesch C, Gajda M, Jansen L, Kirchmayr R, Runnebaum IB,
et al. Integration of the HPV16 genome does not invariably result in high
levels of viral oncogene transcripts. Oncogene. 2008;27(11):1610-7.

Sahab Z, Sudarshan SR, Liu X, Zhang Y, Kirilyuk A, Kamonjoh CM,
et al. Quantitative measurement of Human papillomavirus type 16 e5
oncoprotein levels in epithelial cell lines by mass spectrometry. J Virol.
2012;86(17):9465-73.

Chen J, Xue Y, Poidinger M, Lim T, Chew SH, Pang CL, et al. Mapping
of HPV transcripts in four human cervical lesions using RNAseq suggests
quantitative rearrangements during carcinogenic progression. Virology.
2014;462-463(1):14-24.

. Sherman L, Alloul N, Golan I, Durst M, Baram A. Expression and splicing

patterns of human papillomavirus type-16 mRNAs in precancerous lesions
and carcinomas of the cervix, in human keratinocytes immortalized by
HPV 16, and in cell lines established from cervical cancers. Int ] Cancer.
1992;50(3):356-64.

Esquela-Kerscher A, Slack FJ. Oncomirs - microRNAs with a role in
cancer. Nat Rev Cancer. 2006;6(4):259-69.

Melar-New M, Laimins LA. Human papillomaviruses modulate expression
of microRNA 203 upon epithelial differentiation to control levels of p63
proteins. J Virol. 2010;84(10):5212-21.

Lena AM, Shalom-Feuerstein R, di Val Cervo RP, Aberdam D, Knight RA,
Melino G, et al. miR-203 represses “stemness” by repressing DeltaNp63.
Cell Death Differ. 2008;15(7):1187-95.

McKenna DJ, McDade SS, Patel D, McCance DJ. MicroRNA 203
expression in keratinocytes is dependent on regulation of p53 levels by E6.
] Virol. 2010;84(20):10644-52.

Wilting SM, Verlaat W, Jaspers A, Makazaji NA, Agami R, Meijer CJLM,
et al. Methylation-mediated transcriptional repression of microRNAs
during cervical carcinogenesis. Epigenetics. 2013;8(2):220-8.

Yi R, Poy MN, Stoffel M, Fuchs E. A skin microRNA promotes
differentiation by repressing ‘stemness’. Nature. 2008;452(7184):225-9.

Truong AB, Khavari PA. Control of keratinocyte proliferation and
differentiation by p63. Cell Cycle. 2007;6(3):295-9.

Zheng ZM, Wang X. Regulation of cellular miRNA expression by Human
papillomaviruses. Biochim Biophys Acta. 2011;1809(11-12):668-77.

Saavedra KP, Brebi PM, Roa JCS. Epigenetic alterations in preneoplastic
and neoplastic lesions of the cervix. Clin Epigenetics. 2012;4(1):13.

. Sato F, Tsuchiya S, Meltzer SJ, Shimizu K. MicroRNAs and epigenetics.

FEBS J. 2011;278(10):1598-609.

Remedy Publications LLC., | http://clinicsinoncology.com/

2020 | Volume 5 | Article 1737


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4026239/
https://pubmed.ncbi.nlm.nih.gov/17291332/
https://pubmed.ncbi.nlm.nih.gov/17291332/
https://pubmed.ncbi.nlm.nih.gov/17291332/
https://pubmed.ncbi.nlm.nih.gov/17291332/
https://pubmed.ncbi.nlm.nih.gov/17406449/
https://pubmed.ncbi.nlm.nih.gov/17406449/
https://pubmed.ncbi.nlm.nih.gov/24657488/
https://pubmed.ncbi.nlm.nih.gov/24657488/
https://pubmed.ncbi.nlm.nih.gov/24657488/
https://pubmed.ncbi.nlm.nih.gov/29108943/
https://pubmed.ncbi.nlm.nih.gov/29108943/
https://pubmed.ncbi.nlm.nih.gov/17982485/
https://pubmed.ncbi.nlm.nih.gov/17982485/
https://pubmed.ncbi.nlm.nih.gov/17982485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3128596/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3128596/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3128596/
https://pubmed.ncbi.nlm.nih.gov/26636751/
https://pubmed.ncbi.nlm.nih.gov/26636751/
https://pubmed.ncbi.nlm.nih.gov/26636751/
https://pubmed.ncbi.nlm.nih.gov/26636751/
https://pubmed.ncbi.nlm.nih.gov/15044836/
https://pubmed.ncbi.nlm.nih.gov/15044836/
https://pubmed.ncbi.nlm.nih.gov/15044836/
https://pubmed.ncbi.nlm.nih.gov/7769709/
https://pubmed.ncbi.nlm.nih.gov/7769709/
https://pubmed.ncbi.nlm.nih.gov/7769709/
https://pubmed.ncbi.nlm.nih.gov/22863036/
https://pubmed.ncbi.nlm.nih.gov/22863036/
https://pubmed.ncbi.nlm.nih.gov/22863036/
https://pubmed.ncbi.nlm.nih.gov/7707548/
https://pubmed.ncbi.nlm.nih.gov/7707548/
https://pubmed.ncbi.nlm.nih.gov/7707548/
https://pubmed.ncbi.nlm.nih.gov/17704805/
https://pubmed.ncbi.nlm.nih.gov/17704805/
https://pubmed.ncbi.nlm.nih.gov/17704805/
https://pubmed.ncbi.nlm.nih.gov/17704805/
https://pubmed.ncbi.nlm.nih.gov/12420217/
https://pubmed.ncbi.nlm.nih.gov/12420217/
https://pubmed.ncbi.nlm.nih.gov/12420217/
https://pubmed.ncbi.nlm.nih.gov/12420217/
https://pubmed.ncbi.nlm.nih.gov/24142729/
https://pubmed.ncbi.nlm.nih.gov/24142729/
https://pubmed.ncbi.nlm.nih.gov/24142729/
https://pubmed.ncbi.nlm.nih.gov/11753669/
https://pubmed.ncbi.nlm.nih.gov/11753669/
https://pubmed.ncbi.nlm.nih.gov/11880406/
https://pubmed.ncbi.nlm.nih.gov/11880406/
https://pubmed.ncbi.nlm.nih.gov/11880406/
https://pubmed.ncbi.nlm.nih.gov/21767984/
https://pubmed.ncbi.nlm.nih.gov/21767984/
https://pubmed.ncbi.nlm.nih.gov/21767984/
https://pubmed.ncbi.nlm.nih.gov/22078316/
https://pubmed.ncbi.nlm.nih.gov/22078316/
https://pubmed.ncbi.nlm.nih.gov/22078316/
https://pubmed.ncbi.nlm.nih.gov/15172997/
https://pubmed.ncbi.nlm.nih.gov/15172997/
https://pubmed.ncbi.nlm.nih.gov/15172997/
https://pubmed.ncbi.nlm.nih.gov/15172997/
https://pubmed.ncbi.nlm.nih.gov/15172997/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC253662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC253662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC253662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC253662/
https://pubmed.ncbi.nlm.nih.gov/11287752/
https://pubmed.ncbi.nlm.nih.gov/11287752/
https://pubmed.ncbi.nlm.nih.gov/11287752/
https://pubmed.ncbi.nlm.nih.gov/17828299/
https://pubmed.ncbi.nlm.nih.gov/17828299/
https://pubmed.ncbi.nlm.nih.gov/17828299/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3416135/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3416135/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3416135/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3416135/
https://pubmed.ncbi.nlm.nih.gov/25092457/
https://pubmed.ncbi.nlm.nih.gov/25092457/
https://pubmed.ncbi.nlm.nih.gov/25092457/
https://pubmed.ncbi.nlm.nih.gov/25092457/
https://pubmed.ncbi.nlm.nih.gov/1310488/
https://pubmed.ncbi.nlm.nih.gov/1310488/
https://pubmed.ncbi.nlm.nih.gov/1310488/
https://pubmed.ncbi.nlm.nih.gov/1310488/
https://pubmed.ncbi.nlm.nih.gov/1310488/
https://pubmed.ncbi.nlm.nih.gov/16557279/
https://pubmed.ncbi.nlm.nih.gov/16557279/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2863797/?tool=pmcentrez&report=abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2863797/?tool=pmcentrez&report=abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2863797/?tool=pmcentrez&report=abstract
https://pubmed.ncbi.nlm.nih.gov/18483491/
https://pubmed.ncbi.nlm.nih.gov/18483491/
https://pubmed.ncbi.nlm.nih.gov/18483491/
https://jvi.asm.org/content/84/20/10644
https://jvi.asm.org/content/84/20/10644
https://jvi.asm.org/content/84/20/10644
https://pubmed.ncbi.nlm.nih.gov/17264679/
https://pubmed.ncbi.nlm.nih.gov/17264679/
https://pubmed.ncbi.nlm.nih.gov/21616186/
https://pubmed.ncbi.nlm.nih.gov/21616186/
https://pubmed.ncbi.nlm.nih.gov/22938091/
https://pubmed.ncbi.nlm.nih.gov/22938091/
https://pubmed.ncbi.nlm.nih.gov/21395977/
https://pubmed.ncbi.nlm.nih.gov/21395977/

Antonio Carlos de Freitas, et al.,

Clinics in Oncology - General Oncology

62.

63.

64.

65.

66.

6

~N

6

=]

69.

Yao T, Rao Q, Liu L, Zheng C, Xie Q, Liang J, et al. Exploration of tumor
suppressive microRNAs silenced by DNA hypermethylation in cervical
cancer. Virol J. 2013;2094-105.

Wang X, Tang S, Le SY, Lu R, Rader JS, Meyers C, et al. Aberrant expression
of oncogenic and tumor-suppressive MicroRNAs in cervical cancer is
required for cancer cell growth. PLoS One. 2008;3(7):e2557.

LiY, LiuJ, Yuan C, Cui B, Zou X, Qiao Y. High-risk Human papillomavirus
reduces the expression of microRNA-218 in women with cervical
intraepithelial neoplasia. ] Int Med Res. 2010;38(5):1730-6.

Jimenez-Wences H, Peralta-Zaragoza O, Fernandez-Tilapa G. Human
papillomavirus, DNA methylation and microRNA expression in cervical
cancer (Review). Oncol Rep. 2014;31(6):2467-76.

Au Yeung CL, Tsang WP, Tsang TY, Co NN, Yau PL, Kwok TT. HPV-16
E6 upregulation of DNMT1 through repression of tumor suppressor p53.
Oncol Rep. 2010;24(6):1599-604.

. Wilting SM, van Boerdonk RA, Henken FE, Meijer CJLM, Diosdado B,

Meijer GA, et al. Methylation-mediated silencing and tumour suppressive
function of hsa-miR-124 in cervical cancer. Mol Cancer. 2010;9:167.

.Leonard SM, Wei W, Collins SI, Pereira M, Diyaf A, Constandinou-

Williams C, et al. Oncogenic Human papillomavirus imposes an instructive
pattern of DNA methylation changes which parallel the natural history of
cervical HPV infection in young women. Carcinogenesis. 2012;33(7):1286-
93.

Chaiwongkot A, Vinokurova S, Pientong C, Ekalaksananan T,
Kongyingyoes B, Kleebkaow P, et al. Differential methylation of E2

70.

7

—_

7

"8}

7

w

74.

75.

76.

binding sites in episomal and integrated HPV 16 genomes in preinvasive
and invasive cervical lesions. Int ] Cancer. 2013;132(9):2087-94.

Cheung TH, Man KNM, Yu MY, Yim SF, Siu NSS, Lo KWK, et al.
Dysregulated microRNAs in the pathogenesis and progression of cervical
neoplasm. Cell Cycle. 2012;11(15):2876-84.

. Lee JW, Choi CH, Choi JJ, Park YA, Kim SJ, Hwang SY, et al. Altered

MicroRNA expression in cervical carcinomas. Clin Cancer Res.
2008;14(9):2535-42.

. Pereira PM, Marques JP, Soares AR, Carreto L, Santos MAS. MicroRNA

expression variability in human cervical tissues. PLoS One. 2010;5(7).

. Martinez I, Gardiner AS, Board KF, Monzon FA, Edwards RP, Khan SA.

Human papillomavirus type 16 reduces the expression of microRNA-218
in cervical carcinoma cells. Oncogene. 2008;27(18):2575-82.

Gocze K, Gombos K, Juhasz K, Kovacs K, Kajtar B, Benczik M, et al.
Unique microRNA expression profiles in cervical cancer. Anticancer Res.
2013;33(6):2561-7.

Davis-Dusenbery BN, Hata A. MicroRNA in cancer: The involvement
of aberrant MicroRNA biogenesis regulatory pathways. Genes Cancer.
2010;1(11):1100-14.

Qian K, Pietili T, Ronty M, Michon F, Frilander MJ, Ritari J, et al.
Identification and validation of Human papillomavirus encoded
microRNAs. PLoS One. 2013;8(7):¢70202.

Remedy Publications LLC., | http://clinicsinoncology.com/

2020 | Volume 5 | Article 1737


https://pubmed.ncbi.nlm.nih.gov/23732000/
https://pubmed.ncbi.nlm.nih.gov/23732000/
https://pubmed.ncbi.nlm.nih.gov/23732000/
https://pubmed.ncbi.nlm.nih.gov/18596939/
https://pubmed.ncbi.nlm.nih.gov/18596939/
https://pubmed.ncbi.nlm.nih.gov/18596939/
https://pubmed.ncbi.nlm.nih.gov/21309487/
https://pubmed.ncbi.nlm.nih.gov/21309487/
https://pubmed.ncbi.nlm.nih.gov/21309487/
https://pubmed.ncbi.nlm.nih.gov/24737381/
https://pubmed.ncbi.nlm.nih.gov/24737381/
https://pubmed.ncbi.nlm.nih.gov/24737381/
https://pubmed.ncbi.nlm.nih.gov/21042757/
https://pubmed.ncbi.nlm.nih.gov/21042757/
https://pubmed.ncbi.nlm.nih.gov/21042757/
https://pubmed.ncbi.nlm.nih.gov/20579385/
https://pubmed.ncbi.nlm.nih.gov/20579385/
https://pubmed.ncbi.nlm.nih.gov/20579385/
https://pubmed.ncbi.nlm.nih.gov/22552403/
https://pubmed.ncbi.nlm.nih.gov/22552403/
https://pubmed.ncbi.nlm.nih.gov/22552403/
https://pubmed.ncbi.nlm.nih.gov/22552403/
https://pubmed.ncbi.nlm.nih.gov/22552403/
https://pubmed.ncbi.nlm.nih.gov/23065631/
https://pubmed.ncbi.nlm.nih.gov/23065631/
https://pubmed.ncbi.nlm.nih.gov/23065631/
https://pubmed.ncbi.nlm.nih.gov/23065631/
https://pubmed.ncbi.nlm.nih.gov/22801550/
https://pubmed.ncbi.nlm.nih.gov/22801550/
https://pubmed.ncbi.nlm.nih.gov/22801550/
https://pubmed.ncbi.nlm.nih.gov/18451214/
https://pubmed.ncbi.nlm.nih.gov/18451214/
https://pubmed.ncbi.nlm.nih.gov/18451214/
https://pubmed.ncbi.nlm.nih.gov/20668671/
https://pubmed.ncbi.nlm.nih.gov/20668671/
https://pubmed.ncbi.nlm.nih.gov/17998940/
https://pubmed.ncbi.nlm.nih.gov/17998940/
https://pubmed.ncbi.nlm.nih.gov/17998940/
https://pubmed.ncbi.nlm.nih.gov/23749909/
https://pubmed.ncbi.nlm.nih.gov/23749909/
https://pubmed.ncbi.nlm.nih.gov/23749909/
https://pubmed.ncbi.nlm.nih.gov/21533017/
https://pubmed.ncbi.nlm.nih.gov/21533017/
https://pubmed.ncbi.nlm.nih.gov/21533017/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728184/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728184/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728184/

	Title
	Abstract
	Introduction
	Materials and Methods
	Patients and samples
	DNA extraction and HPV detection
	RNA extraction and cDNA synthesis
	Primers: Design and efficiency estimation to qPCR
	Real-time qPCR for E5 mRNA and miR-203
	Statistical analysis

	Results
	Detection, genotype, and multi-infection
	mRNA expression profile of E5 oncogene in clinical specimens
	Expression profile of miR-203 in clinical specimens
	Correlation between the relative expression of E5 and miR-203 in clinical specimens

	Discussion
	HPV multi-infection in cervical biopsies
	Expression profile of E5 in clinical biopsies
	Expression profile of microRNA-203 in clinical specimens
	Correlation between E5 and miR-203 expression profiles

	Conclusion
	Acknowledgement
	Funding
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1
	Figure 2

