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Abstract. Background/Aim: Host molecules disturbed by
human papillomavirus (HPV) oncoproteins have been shown
to be potential biomarkers of cervical carcinogenesis and
represent an alternative or supplementary aid to cytological
testing and HPV detection. The miR-203 and one of its
targets, ANp63, are known to be host molecules that interact
with each other to control the proliferation and
differentiation of keratinocytes; both have been found to be
dysregulated in many cancers. As the role of p63 and miR-
203 in cervical carcinogenesis is not yet well-understood, we
have, thus, decided to evaluate the changes of expression of
both in cervical carcinogenesis. Materials and Methods: This
study was carried out by obtaining quantitative polymerase
chain reaction (qPCR) data from cervical biopsies. Results:
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miR-203 and ANp63 displayed a similar expression pattern
across cervical tissues and both targets showed statistically
significant differences between low-grade squamous
intraepithelial lesion (LSIL) x high-grade squamous
intraepithelial lesion (HSIL); HSIL x Cancer. Additionally,
we did not observe an inverse correlation between ANp63
mRNA and miR-203 levels as expected but, rather, a positive
correlation between cervical tissues. Conclusion: Although
preliminary, the expression levels of ANp63 mRNA and miR-
203 seem to be promising for cervical cancer screening. In
addition, positive correlation between miR-203 and ANp63
expression suggests the possible existence of some indirect
pathways. However, further studies are needed to clarify the
role of ANp63 and miR-203 in cervical carcinogenesis and,
thus, determine how they can be applied in new strategies
for diagnosis.

Human papillomavirus (HPV) is a major risk factor for
cervical cancer (1, 2) and responsible for about 275,000
deaths among approximately 529,000 women who are
diagnosed throughout the world every year (3, 4). The entire
HPYV life-cycle depends on epithelial cell differentiation (5)
where basal and parabasal cells are induced to proliferate by
viral oncoproteins (6, 7). This results in neoplastic
transformation that extends progressively from the lower to
the upper layers of the epithelium (7). Depending on the
extent of the affected area, the lesions can be classified as
follows: cervical intraepithelial neoplasia (CIN) Grades 1, 2
and 3 (8) where CIN 1 is also classified as low-grade
squamous intraepithelial lesions (LSIL) and CIN 2-3 as high-
grade squamous intraepithelial lesions (HSIL) (9).

As CIN lesions usually develop slowly, cervical cancer is
preventable and generally curable if detected early (10).
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However, conventional screening tests, such as cervical
cytology (11, 12) and HPV testing (13), still have a limited
ability to provide an accurate diagnosis of each type of CIN
or to predict the progression or regression of CINs. This can
lead to serious problems in the management of CIN, i.e. the
under- or overtreatment of affected women. Hence, there is
a strong demand for more specific biomarkers to improve the
screening of women with cervical neoplasia.

In view of this, studies have attempted to elucidate the
complexity of the cellular pathways affected by the HPV
cycle, both to obtain a better understanding of viral
oncogenesis and identify new molecular markers of
carcinogenic progression (14). For instance, Melar-New and
Laimins, 2010 (15) evaluated the effects of HPV infection
on one of the pathways involved in keratinocyte
differentiation and proliferation. This study showed the
capacity of HPV E7 oncoprotein to modulate miR-203
expression levels. miR-203 is a keratinocyte-specific miRNA
(16) that targets ANp63 mRNA at 3’-UTR, a predominant
isoform of p63 protein in keratinocytes responsible for
controlling the proliferation and differentiation program of
these cells (17-19). The role of these two potential
biomarkers in cervical carcinogenesis remains unclear.

Separate evaluations of the expression level of ANp63 and
miR-203 have demonstrated dysregulation of both in cervical
cancer (20-23). However, some discrepant results have
suggested that these two targets might play both an
oncogenic (20, 21) and a tumor suppressor role (22, 23). It
should be mentioned that few studies have included all
premalignant lesions (CIN 1, 2 and 3) in their analysis and,
until now, none of them have evaluated the correlation
between ANp63 and miR-203 in clinical samples. For this
reason, little is known about the way these molecules alter
in cervical carcinogenesis or the importance of these
molecules at every stage of the process (i.e. from normal to
CIN and from CIN to cancer).

In light of this, the aim of this study was to investigate the
changes of expression in ANp63 mRNA and miR-203, as
well as their correlation, in clinical samples that include all
premalignant conditions (CIN1, CIN2 and CIN3) and cancer.

Materials and Methods

Patients and samples. A total of 95 cervical biopsies were collected
from the Clinical Hospital of UFPE (HC-UFPE) and Institute of
Integral Medicine - Prof. Fernando Figueira (IMIP) after signed
consent forms had been obtained. The study was approved by the
Research Ethics Committee of the Federal University of
Pernambuco, Brazil (No.: 03606212.7.0000.5208). Fresh cervical
biopsies included low-grade SIL or CIN1 (18); high-grade SIL or
CIN2 (20) and CIN3 (21); cancer (15); and normal cervical tissues
(21). After being collected, all the clinical samples were
immediately preserved in RNAlater (Qiagen, Hilden, Germany) and
stored at —80°C. Women affected by human immunodeficiency virus
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(HIV) and/or pregnant, were excluded from this study. HPV
detection was performed on samples by polymerase chain reaction
(PCR) (24) after extraction and purification of total DNA with
Trizol (Ambion, Life Technologies, Carlsbad, CA, USA) and a
DNeasy Blood & Tissue Kit (Qiagen), respectively. All the samples
from CIN and cancer were confirmed to be HPV-positive, whereas
the normal cervical biopsies were confirmed to be HPV-negative.
Total RNA extraction and cDNA synthesis. All the preserved
biopsies (25-100 mg) were macerated in liquid nitrogen and
homogenized with 1 ml of Trizol (Invitrogen) for total RNA
extraction. Purification of isolated RNA was performed with the aid
of the miRNA Absolutely RNA Kit (Agilent Technologies, San
Diego, CA, USA), in accordance with the manufacturer’s
instructions. This kit allows recovery of both miRNA and mRNA.
The RNA quality was assessed by a NanoDrop 2000
Spectrophotometer (ThermoScientific, Wilmington, DE, USA) and
1% agarose gel electrophoresis (25-27). After this, 1 pg of RNA
samples of a suitable quality (an OD260/280 from 1.8 to 2.1 and
intact rRNA subunits - 28S and 18S) was used to generate the
cDNA by means of a miScript II RT kit (Qiagen). A negative control
RT reaction (no Reverse Transcriptase enzyme) was prepared for
each sample to assess genomic DNA contamination.

Real-time quantitative PCR for ANp63 mRNA and miR-203. A
QuantiTect SYBR Green PCR kit (Qiagen) was used to quantitate
ANp63 mRNA and miR-203 expression in all cervical tissue
conditions (normal, CIN 1, CIN 2, CIN 3 and cancer) using a Rotor
Gene 6000 thermocycler (Qiagen). The qPCR efficiency for each
primer pair was determined in a previous study by Leitdo et al. (26),
except for the ANp63 primer pair, which was designed and validated
by Marchini et al. (28). All the microRNA primers were purchased
from a miScript primer assay (Qiagen). Reference genes that had
been previously validated in cervical tissues were used to obtain
miRNA and mRNA expression levels (26). In this way, the
geometric mean of GAPDH and ACTB reference genes was used to
calculate the relative expression of ANp63 mRNA and the geometric
mean of miR-191 and miR-23a reference genes to calculate the miR-
203 levels. Every qPCR reaction was run in duplicate for each
sample to control pipetting error (29). Additionally, no template
controls and no RT controls were added to detect contamination.
For detailed information about the qPCR assay, see Leitdo et al.
(26).

Statistical analysis. All the analyses were carried out using
GraphPad Prism software (GraphPad, San Diego, CA, USA) version
6.0. The D’Agostino-Pearson normality test was conducted to
determine a Gaussian distribution of data. Welch’s t-test was
performed to compare the relative amounts of ANp63 and miR-203
in all cervical tissue conditions. The Pearson correlation coefficient
was calculated to determine the relationship between miR-203
expression and ANp63 mRNA levels in cervical carcinogenesis. p-
Values of <0.05 were considered to be statistically significant.

Results

Determination of the ANp63 mRNA expression pattern in
cervical carcinogenesis. The molecular signature of ANp63
mRNA in cervical cancer progression was investigated by
obtaining the expression levels of this molecule through a
qPCR in a series of biopsies including normal tissue, CIN
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Figure 1. Expression levels of ANp63 mRNA in cervical carcinogenesis.
ANp63 showed a significant difference in expression between normal x
LSIL (CIN1); LSIL x HSIL (CIN2-3); and HSIL x Cancer (Ca). The
asterisks indicate a statistical significance in the differences between
the cervical tissues (*p<0.05; **p<0.01).

(1,2 and 3) and carcinoma. The expression of ANp63 in the
CIN1 lesion showed a significant decrease (p<0.01) when
compared to matched normal tissues. Following this, a
significantly increased expression of ANp63 was observed
in CIN2 when compared to CIN1 (p<0.01). After this, we
observed a gradual decline in ANp63 mRNA levels from
CIN2 to CIN3 and from CIN3 to cancer (p<0.05). Hence,
changes in expression levels were significant between the
CIN1 and CIN2 lesions and it was possible to distinguish
between LSIL and HSIL. Furthermore, this significance was
also detected between CIN3 lesions and cancers (p<0.05), as
can be seen in Figure 1.

Determination of the miR-203 expression pattern in cervical
carcinogenesis. Interestingly, miR-203 showed an expression
profile similar to that of ANp63 across all the cervical tissues
despite the higher expression levels of ANp63 mRNA
(Figure 2). Thus, a significant decrease in miR-203 levels
was observed in CIN1 (p<0.01) when compared with normal
tissues, as well as a significant increase in CIN2 when
compared with the CIN1 samples (p<0.01). Subsequently, it
was possible to observe a decrease in the levels of miR-203
from CIN2 to CIN3 and from this last to cancer, where the
significance was identified (p<0.05). This means that the
changes in the miR-203 expression levels also made it
possible to distinguish between normal tissue and LSIL;
LSIL and HSIL; and HSIL and cancer.

Correlation of miR-203 with ANp63 mRNA levels in cervical
tissues. Once ANp63 mRNA had been established as a direct
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Figure 2. Expression levels of miR-203 in cervical carcinogenesis.
Statistically significant differences can be observed in the miR-203 levels
from normal to LSIL (CIN1); from LSIL to HSIL (CIN2-3); and from
HSIL to Cancer (Ca). The asterisks indicate a statistical significance in
the differences between cervical tissues (*p<0.05; **p<0.01).
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Figure 3. Correlation of ANp63 mRNA and miR-203 levels. The inverse
correlation of miR-203 and its ANp63 target was not observed in
cervical carcinogenesis. The asterisk indicates a correlation with
statistical significance (*p<0.05).

target of miR-203 (17-19), we were able to evaluate the
correlation of both in cervical carcinogenesis to determine
whether the expression levels of ANp63 were affected by
this miRNA in cervical tissues.

We observed a positive correlation pattern between the
expression of miR-203 and ANp63 in all the cervical tissue
conditions, which was as follows: normal tissue (r=0.310),
CIN1 (r=0.346), CIN2 (r=0.345), CIN3 (r=0.518) and
carcinomas (r=0.218). However, the correlation was only
significant in CIN3 lesions (p<0.05), as can be seen in
Figure 3.
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Discussion

Molecular pathways have been described as participants in
the progression of cervical cancer. However, little is known
about the interaction between HPV and the host molecules
in the progression of this type of cancer since there has been
very little evaluation of mRNA and miRNA signatures in
cervical dysplasia and carcinoma (30, 31). The evaluation of
changes in mRNA and microRNA expression is important in
cervical carcinogenesis since it allows important strategic
targets to be set for diagnosis and molecularly targeted
therapy.

ANp63 mRNA and miR-203 are known to be two host
molecules interacting with each other to control the
proliferation and differentiation of keratinocytes (17-19) and
have been cited as playing an important role in HPV-related
cervical dysplasia and carcinoma (15). They have been
evaluated separately in certain types of epithelial
tumorigenesis and metastasis, while studies have shown
dysregulated expression of these two targets in various types
of cancer. Overexpression of ANp63 has been found in
ovarian, nasopharynx, head and neck, lung, bladder and
breast cancers (28, 32-36). However, reduced expression of
ANp63 has been detected in bladder, esophagus and prostate
cancers, as a result of poor prognosis and metastasis (37-
40). Inconsistent data have also been related to miR-203
since this has been shown to be overexpressed in
endometrial carcinoma and pancreatic adenocarcinoma (41,
42), while, at the same time, being underexpressed in
cancers of the esophagus, larynx, prostate, liver, among
other organs (43-46).

The same contradiction can be observed in the roles
played by miR-203 and ANp63 in cervical carcinogenesis. In
the case of p63 expression in cervical tumorigenesis, it
should be noted that studies have shown increased levels (20,
47-49), as well as reduced levels of the ANp63 isoform, in
both cervical tissues and cervical cancer cell lines (22, 50).
With regard to miR-203, some studies have found that it has
a tumor suppressor role in cervical cancer (23, 51-56), while
others have reported up-regulation of this miRNA in cervical
cancer (21, 57, 58). Hence, ANp63 and miR-203 seem to
play both an oncogenic role and a tumor suppressor role in
the development of cervical cancer.

Analytical methods show variations in studies where p63
expression in cervical cancer is evaluated. For instance,
several expression studies fail to distinguish between p63
isoforms in cervical carcinogenesis (30, 59, 61), which
makes it difficult to conclude if ANp63 is the predominant
isoform in a certain obtained profile. Additionally, only two
of the studies evaluating ANp63 expression included
premalignant lesions (20, 47). The inclusion of CIN1, CIN2
and CIN3 in expression studies can provide a more detailed
understanding of the role of potential biomarkers in cervical
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carcinogenesis, as well as their usefulness, in giving support
to screening tests. In our results, we observed that the
ANp63 isoform showed the expression profile declined from
normal to CIN1, as well as from CIN2 to cancer, unlike the
increasing levels that have been found in other studies,
which have evaluated the same p63 isoform in cervical
cancer cell lines and cervical tissues (20, 47, 48, 50). On the
other hand, reduced levels of ANp63 were detected in
cervical carcinoma, as well as in cervical cancer cell lines
(HeLa, SiHa and C33A), and it has been suggested that this
decline can be combined with tumor progression (22).
Likewise, a previous study by Yugawa et al. (50) reported
that HPV-positive cell lines, such as HeLLa, CaSki and SiHa,
showed very low or undetectable ANp63 levels, while other
cervical cancer cell lines (QG-H, SKGIIIb and ME180)
overexpressed the ANp63 isoform. In our study we observed
an overexpression of ANp63 from LSIL (CIN1) to HSIL
(CIN2 and CIN3). According to Higashikawa et al. (62) and
Yugawa et al. (50) the overexpression of ANp63 may be
linked to early stages of tumorigenesis, while reduction or
absence of expression can be found in late stages of cancer
development, such as tumor invasion. Similarly, Herfs et al.
(63) found that ANp63 silencing leads to a loss of cell-cell
adhesion and an increase in the migratory properties of
cancer cells. Some studies, that have attempted to
understand the effects of changes in p63 expression in
progressive cancer, have put forward some controversial
explanations. Recently, King et al. demonstrated that the
increase in ANp63 causes up-regulation of the expression of
target genes while maintaining the proliferation of
keratinocytes, as well as causing the up-regulation of anti-
apoptotic genes (64). Conversely, other studies have shown
that ANp63 adopts an anti-proliferative strategy by inducing
apoptosis both in human keratinocyte cells and in human
squamous carcinoma cells (65, 66). According to Zhu et al.
(66), increased expression of ANp63 in various cancers may
be a compensatory cell mechanism to prevent a high rate of
tumor cell proliferation, although it is unsuccessful. Hence,
further studies are needed to determine the underlying
mechanisms by which ANp63 affects cervical
carcinogenesis, i.e. to determine to what extent this p63
isoform predominates at each stage of the development of
the malignant cervical cells.

With regard to the role played by miR-203 in cervical
carcinogenesis, most studies have been restricted to
evaluating this miRNA in different cervical cancer cell lines
or between normal and cancer tissues (21, 23, 51, 54-57). As
a result, the miR-203 role in cervical cancer remains unclear
because of discrepancies in the results between different
studies; this is perhaps owing to differences in the high-
throughput platforms and methods employed or ethnic
variations in the evaluated population (26, 52, 67). To date,
few studies have included samples from premalignant lesions
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that can allow the expression of this miRNA in cervical
carcinogenesis to be evaluated (52-54, 68). Overall, all these
studies have formed an expression profile of miR-203 that
declines from normal to CIN and from CIN to cancer. These
studies were corroborated by our results, where there was a
reduction in the levels of miR-203 from normal to CIN1 and
from CIN2 to cancer. Greco et al. (69) found that in vitro
keratinocytes expressing HPV ES5 oncoprotein had lower
levels of miR-203 than cells that were not expressing the
oncoprotein. It is known that the E5 oncoprotein is of
particular importance in the early stages of cervical
neoplasia, since the E5 gene is deleted after HPV DNA has
been integrated into the host genome (51). Additionally, in
our findings there was an up-regulation of miR-203 from
CIN1 to CIN2. Some studies have reported overexpression
of this miRNA in cervical cancer samples (21, 57, 58).
Pereira et al. provided the only study that assessed
expression of miRNAs in all the pre-malignant lesions (CIN
1, 2 and 3), demonstrating that there was a progressive
reduction in levels of miR-203 depending on the degree of
the lesion (52). The same profile was observed in other
studies involving premalignant neoplasias (53, 54, 68).
However, in the studies of Cheung er al. 2012 (53) and
Wilting et al. 2013 (54), the CIN2 and CIN3 lesions were
lumped together as a single class, while in the study of Mo
et al., CIN2 lesions were not included (68). Hence, further
studies that include all premalignant lesions are needed to
clarify the miR-203 signature in cervical carcinogenesis, as
well as to understand how miR-203 dysregulation leads to
cervical carcinogenesis.

ANp63 is known to be a target of miR-203 which acts by
controlling keratinocyte proliferation and epidermal
differentiation (17-19). Some studies have demonstrated that
the correlation of the expression of these two targets in the
epithelium appears to be inverse, i.e. while the miR-203 levels
increase by proliferating undifferentiated basal keratinocytes
to non-proliferative differentiated suprabasal keratinocytes,
the ANp63 levels decrease in the same way (17, 18, 70).
According to a study by Melar-New and Laimins (15), miR-
203 levels are down-regulated by the HPV E7 oncoprotein in
infected keratinocytes and this results in p63 protein
overexpression. However, so far no studies have evaluated
the correlation between miR-203 and ANp63 in cervical
clinical samples. Our results showed that changes in miR-203
expression did not have an inverse correlation with the target.
Melar-New and Laimins also found that miR-203 had a
minimal effect on ANp63 mRNA levels in HPV-positive
keratinocytes. They suggest that this may be due to the
mechanism of post-transcriptional regulation by microRNAs
(71), which does not always lead to the degradation of the
mRNA target (72). Furthermore, a positive correlation in all
types of evaluated samples was observed in our results,
although this correlation was only significant in the CIN3

lesions. Interestingly, a study by Miles and co-workers (73)
also identified positively correlated microRNA/mRNA pairs
in both ovarian tumors and normal samples, thus suggesting
the possible existence of some indirect pathways in
tumorigenesis. On the other hand, Chakravarti et al. (74)
reported that ANp63-deficient epidermal cell lines resulted in
a global down-regulation of miRNAs (including the miR-
203); this is an event that may be linked to the transcriptional
activation of DGCRS (a component of the microRNA
processing machinery) by ANp63 (74).

To date, the search for biomarkers that assist in
distinguishing and carrying out a prognosis of premalignant
lesions remains a priority. There are still limitations to the
screening tests for cervical cancer that often make it difficult
to conduct a reliable diagnosis of the CIN of non-neoplastic
lesions or differentiate each type of CIN. This can lead to
both under- or overtreatment of affected women (75, 76). In
view of this, when we focused on diagnosis, we observed
that the expression changes of ANp63 mRNA and miR-203,
in our study, showed significant differences between the
samples: normal x CIN1 (LSIL); CIN1 (LSIL) x CIN2
(HSIL); CIN1 (LSIL) x CIN3 (HSIL); and CIN3 (HSIL) x
Cancer. Although preliminary, the expression levels of
ANp63 mRNA and miR-203 seem to be promising in terms
of diagnosis of cervical carcinogenesis stages. However,
further validation in larger sample sizes or in multiple
cohorts are needed to determine the true clinical value of
these potential biomarkers and, perhaps, whether they can be
incorporated into a clinical diagnosis.
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