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Several high-risk human papillomavirus (HPV)-induced cell biomarkers have been proposed as possible

candidates to identify patients harboring high-grade squamous intraepithelial lesions (HSILs) of the uterine

cervix. We aimed to determine the feasibility of the detection of the mRNA of six biomarkers in cervical smear

specimens obtained by liquid-based cytology and to evaluate whether this approach might be useful in the

identification of patients with HSIL. One-hundred and twenty three women referred to colposcopy in the

Hospital Clinic of Barcelona were included in the study. After a thorough study, including Pap test, high-risk

HPV testing (Hybrid Capture 2 test), and colposcopy with directed biopsy and/or endocervical curettage, 48

patients were diagnosed with HSIL, whereas 75 were classified as negative (n¼ 28), or harboring low-grade SIL

(n¼ 47). CDKN2A/p16, BIRC5, MMP9, TOP2A, MCM5, and MKI67 mRNA expression was analyzed by reverse

transcription quantitative polymerase chain reaction in liquid-based cytology after the Pap test and Hybrid

Capture 2 performance. The tissue expression of these biomarkers was analyzed by immunohistochemistry in

the biopsy material. One-hundred and thirteen out of 123 (92%) liquid-based cytology yielded adequate material

for mRNA analysis. TOP2A was the most sensitive (97%) biomarker for the detection of HSIL and CDKN2A/p16

the most specific (78%). The combination of TOP2A and CDKN2A/p16 showed a sensitivity of 96% (95%

confidence interval (CI): 88–99) and a specificity of 71% (95% CI: 55–82). In the immunohistochemistry analysis,

all biomarkers showed a high sensitivity but low specificity for HSIL, except CDKN2A/p16 which had a

sensitivity of 100% and a specificity of 63%. The combination of TOP2A and CDKN2A/p16 showed a sensitivity

of 100% (95% CI: 91–100) and a specificity of 43% (95% CI: 32–55). The detection of mRNA of cell biomarkers in

liquid-based cytology material is feasible. The combination TOP2A and CDKN2A/p16 has a good balance

between sensitivity and specificity for the detection of women with HSIL.
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Screening programs based on cervical cytology (Pap
test) have led to a decrease in the incidence and the
mortality by cervical cancer. However, the efficacy
of cytological screening is hampered by the sub-
optimal sensitivity and interobserver variability of

the conventional Pap test.1,2 Although the
introduction of liquid-based cytology has not led
to improvements in terms of relative sensitivity for
the detection of cervical cancer precursors,3 this
technique has enabled the use of adjunctive tests
that may help to reduce the rate of false-negative
cytological results and add objectivity to the
classical morphological evaluation.

High-risk human papillomaviruses (HPV) are the
causative agents of cervical cancer, and high-risk
HPV testing has shown to improve the sensitivity of
the Pap test to over 95%.4,5 However, high-risk HPV
tests have a lower specificity than the Pap test, and
positive results are frequently observed in women
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without cervical lesions or who show mild abnor-
malities, such as atypical squamous cells of
unknown significance (ASC-US) or low-grade
squamous intraepithelial lesions (LSILs). In most
women with these low-risk lesions, both high-risk
HPV infection and the epithelial abnormalities are
cleared within a few months or years (transient
infections). Therefore, there is a need to explore new
more specific techniques that may help to identify
the subset of women harboring high-grade squa-
mous intraepithelial lesions (HSIL),6 the true pre-
cursor of CC, from the broad group of women testing
positive for a high-risk HPV.

In recent years, several high-risk HPV-induced
cellular molecules involved in replication, tran-
scription, DNA repair, apoptosis, proliferation, and
invasion and metastasis have been analyzed as
possible biomarkers to detect women at risk of
cervical cancer development. The list of candidates
who have shown potential utility in cervical cancer
screening includes p16INK4a (CDKN2A), survivin
(BIRC5), metalloproteinase 9 (MMP9), topoisome-
rase 2 alpha (TOP2A), minichromosome mainte-
nance 5 (MCM5), or MKi67 proteins (MKI67).7–9

Most studies focused on these biomarkers have used
immunohistochemistry to detect protein expression.
However, several shortcomings of immunohisto-
chemistry, in particular the interobserver variation
inherent to all morphological techniques and the
difficulty to obtain reproducible quantification,
hamper proper evaluation of the clinical useful-
ness of these biomarkers. mRNA detection has the
advantage of being less subjective than morphologic
assessment. However, very little data are available
on the use of mRNA-based techniques to detect
these cell biomarkers in liquid-based cytology
cervical samples, and their possible value in
cervical cancer prevention has not been proven.

In the present study we aimed to determine the
feasibility of the detection of the mRNA of six
biomarkers in liquid-based cytology preserved sam-
ples and to evaluate whether this approach might be
useful in the identification of patients with HSIL.

Materials and methods

Study Design and Case Selection

This prospective study included 123 women re-
ferred to the colposcopy clinic of the Department of
Obstetrics and Gynecology of the Hospital Clinic of
Barcelona from January to December 2010. Referral
to colposcopy was based on a positive result in high-
risk HPV testing or a Pap test result of ASC, atypical
glandular cells, LSIL, HSIL, or cervical cancer
within the 6 months previous to admission. At the
initial visit in the colposcopy clinic, all women
underwent a Pap test, high-risk HPV testing, a
colposcopy examination, and at least one biopsy

for histological analysis (colposcopically directed
biopsy and/or endocervical curettage).

We selected women who fulfilled the following
inclusion criteria: (1) adequate cervical cytology,
and (2) colposcopically directed biopsy and/or
endocervical curettage, (3) high-risk HPV testing
taken concurrently, and (4) concordant results in the
cytological, histological and virological tests. Con-
cordant results included in the study were in the
following three diagnostic categories: (a) negative:
women with a negative Pap test result for intrae-
pithelial lesion or carcinoma, a negative result in
biopsy and negative high-risk HPV testing (n¼ 28);
(b) LSIL: women with a Pap test result of LSIL, a
biopsy showing LSIL and a positive high-risk HPV
testing (n¼ 47); and (c) HSIL: patients with Pap test
result of HSIL, biopsy confirming HSIL and positive
high-risk HPV testing (n¼ 48).6

The exclusion criteria were as follows: (1) histo-
logical diagnosis of carcinoma or previous history of
CC; (2) previous treatment for CIN2-3 performed
within the previous 3 years; (4) pregnancy; (5)
previous HPV vaccine, and (6) discordant results
in cytology, histology, and Hybrid Capture 2 testing
(eg patients with Pap test result of HSIL and biopsy
with LSIL or negative result or women with positive
high-risk HPV and normal cytology).

The study was approved by the institutional
ethical review board. All women had signed
informed consent.

Patient Management

Prior to the colposcopy procedure, a cervical sample
was collected in all women using a cytobrush,
which was transferred to PreservCyt solution (Ho-
logic , Marlborough, MA, USA). The first part of the
sample was used for ThinPrep liquid-based cytol-
ogy. The residual material was used first for high-
risk HPV testing and second RNA isolation.

Colposcopy was performed using a Olympus Evis
Exera II CV-180 colposcope (Olympus, Barcelona,
Spain) after preparing the cervix with 5% acetic
acid. A colposcopically directed biopsy was taken in
all patients on the identificaton of an abnormal
area.10 When the transformation zone was not
completely visible, an endocervical curettage using
a Kervokian curette was also performed. A random
biopsy from the transformation zone was performed
in all the women with a completely visible transfor-
mation zone having no colposcopic abnormalities.

Liquid-based Cytology, Histological Diagnosis

Thin-layer cytology slides were prepared using the
Thinprep T2000 slide processor (Hologic) and stained
using the Papanicolaou method. Cytology slides were
evaluated by a cytotechnologist and confirmed by a
pathologist using the revised Bethesda nomencla-
ture.11 Subsequently, liquid-based cytology samples
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were centrifuged and the pellets stored at � 80 1C
until processing.

Formalin-fixed, paraffin-embedded 4-mm sections
were routinely stained with hematoxylin and eosin
(H&E). All the histological samples were reviewed
by one of the authors (JO) to confirm the presence or
absence of SIL and its grade. The histological
diagnoses were established using pure morphologic
criteria based on the H&E-stained sections, with no
knowledge of HPV status or the cytology result.

High-risk HPV detection (types 16, 18, 32, 34, 36,
39, 45, 51, 52, 56, 58, 59, and 68) was performed
using the Hybrid Capture 2 System (Qiagen,
Gaithersburg, MD, USA) on the material collected
in liquid-based media (PreservCyt). A relative light
unit of 1 (1.0 pg/ml) was used as the cut-off to
classify a specimen as positive for high-risk HPV.12

RNA Isolation, Reverse Transcriptase Polymerase
Chain Reaction and Quantitative PCR

Once cytologic diagnosis and high-risk HPV testing
were performed, 5 ml of each cell suspension was
centrifuged at 2200 g for 15 min, the cell pellet was
mixed with 700 ml QIAzol lysis reagent and stored at
� 70 1C (Qiagen, Hilden, Germany). Total RNA was
extracted using the RNeasy RNA extraction kit
(Qiagen), according to the manufacturer’s protocol.
RNA concentrations were measured with a Nano-
Drop instrument (Thermo Scientific, Wilmington,
DE, USA). Samples with an RNA yield lower than
1.5 mg were excluded from the analysis.

Reverse transcription was performed starting with
10ml of total RNA in a 20-ml reaction volume using
random hexamers and the High Capacity cDNA RT-
kit from Applied Biosystems (Foster City, CA, USA)
according to the manufacturer’s protocol. A reaction
without RT was run in parallel for each specimen to
control for DNA contamination.

All polymerase chain reactions (PCRs) were per-
formed in triplicate at a reaction volume of 25ml
containing 5ml of cDNA, diluted 1:10, mixed with
Taqman Universal PCR MasterMix (Applied Biosys-
tems). The following protocol was used for all assays:
denaturation (95 1C for 10 min) and amplification
(95 1C for 20 s, 60 1C for 1 min) repeated for 40 cycles.

The expression of CDKN2A/p16, BIRC5, MMP9,
TOP2A, MCM5, and MKI67 was analyzed. Beta
glucuronidase (GUSB) and cGMP-dependent protein
kinase 1 (PKG1) were selected as reference genes for
normalization. This combination of reference genes
demonstrated a high stability in expression between
groups of normal samples versus HSIL samples. For
stability comparisons of candidate reference genes,
the GeNorm and Normfinder programs were used,
which are included as applications in the GenEx
software (MultiD analysis, Sweden).

The number of cycles required for the signal to
cross the threshold (cycle threshold value) for target
genes was set at 40 cycles. Cycle threshold levels are
inversely proportional to the amount of target
nucleic acid in the sample (the lower the cycle
threshold level, the greater the amount of target
nucleic acid in the sample). For the reference gene
PRKG1, a cycle threshold value above 32 cycles

Table 1 Primers and probes used to detect the mRNA expression and antibodies (clone, dilution, and source) of the biomarkers analyzed
in the study

Target gene Sequence Reference

Immunohisto-
chemistry primary
antibody Dilution Source

CDKN2A F: 50-CATAGATGCCGCGGAAGGT-30 24 E6H4 — Rochea

R: 50-CCCGAGGTTTCTCAGAGCCT-30

P: FAM-CCTCAGACATCCCCGATTGAAAGAACC-TAMRA

BIRC5 F: 50-CTTTCTCAAGGACCACCGCA-30 25 EPR2675 1:100 Abcamb

R: 50-GCCTCGGCCATCCGCT-30

P: FAM-CATTCAAGAACTGGCCCTTCTTGGAGG-TAMRA

MMP9 F: 50-CCCTGGAGACCTGAGAACCA-30 20 4A3 1:100 Novusc

R: 50-AACCATAGCGGTACAGGTATTCCT-30

P: FAM-TCTCACCGACAGGCAGCTGGCA-TAMRA

TOP2A TOP2A (Hs03063307_m1) d 2A9 1:150 Abcamb

MCM5 MCM5 Hs01052142_m1) d EP2683y 1:250 Abcamb

MKI67 MKI67 (Hs010332443_m1 d MIB1 — Dakoe

GUSB GUSB (Hs99999908_m1) d

PGK1 PGK1 (Hs99999906_m1) d

Abbreviations: F, forward; R, reverse; P, probe.
aRoche Laboratories, Heidelberg, Germany.
bAbcam plc, Cambridge, UK.
cNovus Biologicals LLC, Litleton, CO, USA.
dTaqMan Gene expression assays (Applied Biosystems).
eDako.
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indicates poor RNA quality. Samples above this
cycle threshold values were therefore considered
invalid and excluded from the analysis.

Primers and probes sequence used in the quanti-
tative PCR (q-PCR) are listed in Table 1. All probes
were FAM-labeled and all reactions were run in
singleplex.

Immunohistochemistry

Immunohistochemistry was performed in the simul-
taneous biopsy of the patients included in the study
with the automated system Autostainer Link 48
(Dako, Carpinteria, CA, USA) using the EnVision
system (Dako). The primary antibodies, the dilutions,
and the sources are listed in Table 1.

Each series included a positive control consisting
of a HSIL of the uterine cervix. In all cases, the
evaluation of the positivity was restricted to the area
showing the lesion. Staining for all antibodies was
scored as negative, focal, or diffuse on the basis of
nuclear and/or cytoplasmic staining. Staining or
reactivity in rare isolated cells (o5%) was consid-
ered as negative. Cases with more than 5% of
positive cells were evaluated as positive (5–25% of
positive cells evaluated as focal positivity, and cases
with more than 25% of positive cells as diffuse
staining). For CDK2A/p16, the positivity was scored
as focal for cases with either focal staining of basal
cells or any type of staining in suprabasal layers, and
diffuse when all basal and suprabasal cells in an
area stained positive.13 The histoscore method was
also used to further evaluate the immunohisto-
chemistry expression of the biomarkers.14 This
semiquantitative immunohistochemical method
consists of a sum of the percentages of positively
stained cells multiplied by a weighted intensity of
staining: Histoscore 1/4 SPi(iþ 1), in which Pi is the
percentage of stained cells in each intensity category
(0–100%), and i is the intensity indicating weak (i 1/
4 1), moderate (i 1/4 2), or strong staining.

Data Analysis

The data were analyzed with the program SPSS
(Version 18.0). The w or the Fisher’s exact test was
used for comparisons between categorical variables
as appropriate. The ANOVA test was used to
compare quantitative variables between the different
categories. Correlations and differences between
mRNA expression and immunohistochemistry cate-
gories and histoscore were assessed using the Spear-
man’s rank correlation coefficient (rs). The efficacy of
mRNA expression and immunohistochemistry of the
biomarkers for the diagnosis of HSIL was evaluated
as sensitivity and specificity. All data related to
expression are presented as DCycle threshold (cycle
thresholdtarget� cycle thresholdreference). The level of
significance between target gene expression in
normal samples and tumor samples was analyzed
using ROC analysis.

Results

The total RNA yield varied between 0.5 and 64.3 mg,
reflecting variability of cell numbers in the speci-
mens. One-hundred thirteen out of 123 (92%)
samples were considered as adequate and only 9%
(11/123) were excluded due to low expression of the
reference genes and/or low RNA yield. Within the
samples excluded 1 was classified as negative, 2
were classified as LSIL, and 7 as HSIL. Thus, 113
samples were considered as adequate for analysis.
Of these samples 27/113 (24%) were classified as
negative, 45/113 (40%) as LSIL, and 41/113 (36%) as
HSIL.

Table 2 shows the mean normalized ratios for the
different biomarkers according to the diagnostic
group. High DCycle threshold values correspond to
low expression of a marker, whereas a low DCycle
threshold corresponds to a high expression of that
marker. CDKN2A/p16 expression was significantly
higher in HSIL compared with negative specimens
(Po0.001). BIRC5 expression was significantly

Table 2 mRNA levels of CDKN2A/p16, BIRC5, MPM9, TOP2A, MCM5, and MKI67 according to the diagnosis

Diagnosis

Pa

Negative LSIL HSIL

CDKN2A/p16 2.80 (2.06–3.55) 2.42 (1.94–2.91) 1.11 (0.65–1.58) o0.001
BIRC5 6.10 (5.40–6.74) 6.52 (6.00–7.05) 4.70 (4.10–5.28) o0.001
MPM9 0.15 (�0.46 to 0.76) 0.02 (� 0.46 to 0.50) �0.86 (�1.21 to � 0.51) 0.005
TOP2A 5.17 (4.64–5.69) 5.23 (4.76–5.70) 2.55 (1.98–3.12) o0.001
MCM5 3.88 (3.48–4.27) 4.27 (4.02–4.52) 3.81 (3.43–4.20) 0.083
MKI67 5.80 (5.16–6.44) 6.48 (5 .95–7.00) 3.93 (3.22–4.64) o0.001

Values shown are expressed as mean DCycle threshold (Cycle threshold target�Cycle threshold (mean PKG1 þ GUSB)) and 95% confidence
interval. Women were grouped into three categories according to cytological, histological, and virological results: negative (women with a
negative Pap test result, a negative result in biopsy and negative high-risk HPV testing), low-grade squamous intraepithelial lesion (LSIL; women
with a Pap test result of LSIL, a biopsy showing LSIL and positive high-risk HPV testing), and high-grade squamous intraepithelial lesion (HSIL;
patients with Pap test result of HSIL, biopsy confirming HSIL and positive high-risk HPV testing).
aANOVA test.

Modern Pathology (2015) 28, 312–320

mRNA biomarkers in HSIL detection

M del Pino et al 315



higher in HSIL compared with LSIL specimens
(P¼ 0.007) and negative specimens (Po0.001).
MMP9 expression was significantly higher in HSIL
compared with LSIL samples (P¼ 0.016) and with
negative samples (P¼ 0.016). TOP2A and MKI67
expression was significantly higher in HSIL com-
pared with LSIL (Po0.001) or negative samples
(Po0.001).

The ROC curves and the area under curve for the
identification of patients with HSIL for the different
biomarkers are shown in Figure 1. Table 3 shows the
sensitivity and specificity of mRNA expression of
the different biomarkers for the identification of
patients with HSIL after applying the best cut-off
values obtained after analysis of the ROC curves.
TOP2A was the most sensitive biomarker and
CDKN2A/p16 the most specific. The combination
of TOP2A and CDKN2A/p16 showed a sensitivity of
96% (95% confidence interval (CI): 88–99) and a
specificity of 71% (95% CI: 55–82). The ROC curve
and the area under curve for the identification of
patients with HSIL for the TOP2A and CDKN2A/p16
combination is shown in Figure 2. Other combina-
tions of biomarkers did not provide any additional
value (data not shown).

Immunohistochemistry staining for the different
biomarkers analyzed was positive in most of the
HSIL biopsies. Table 4 shows the sensitivity and
specificity of immunohistochemistry of the different
biomarkers for the identification of patients with
HSIL. All biomarkers, except CDKN2A/p16, showed
a high sensitivity but low specificity values. When
immunohistochemistry positivity was restricted
only to cases showing diffuse staining (over 25%
of positive cells), the specificity for all the biomar-
kers significantly increased, but the sensitivity
dropped to low values. The immunostaining for all
the biomarkers included in the analysis in a biopsy
of a HSIL lesion is shown in Figure 3.

There was no correlation between DCycle thresh-
old values and immunohistochemistry staining
categories for BIRC5 (rs¼ � 0.072; P¼ 0.533),
TOP2A (rs¼ � 0.103; P¼ 0.371), MCM5 (rs¼
� 0.134; P¼ 0.247), and MKI67 (rs¼ � 0.055;
P¼ 0.652). No adequate staining was obtained for
MMP9. A significant correlation was found between
DCycle threshold values and immunohistochemistry
staining for CDKN2A/p16 (rs¼ � 0.338; Po0.001).
The correlation between DCycle threshold values
and the immunohistochemistry histoscore was not
statistically significant for any of the biomarkers
analyzed (data not shown).

Discussion

In recent years, the molecular events associated with
cervical carcinogenesis have been unraveled, there-
by allowing the identification of new molecules that
might be potentially useful as biomarkers for
cervical cancer prevention. Analysis of the expres-

sion of the host-cell genes involved in cervical
carcinogenesis may enhance the ability of HSIL
detection, serving as a better risk evaluation factor
than merely for HPV-DNA detection.

This study shows that the detection of the mRNA
expression of different cell biomarkers in liquid PAP
specimens from cervical samples is feasible. Thus,
molecular assays designed to detect these markers in
specimens preserved in liquid-based cytology media
may be useful for HSIL detection. In our study
almost all biomarkers showed sensitivities higher
than 81% for HSIL. TOP2A, an enzyme that unknots
and decatenates DNA for DNA replication and cell
cycle progression, demonstrated the best sensitivity
(96%), being much higher than that of cytology and
similar to that shown by high-risk HPV tests.12,15

CDKN2A/p16 had the lowest sensitivity for HSIL
diagnoses but had the highest specificity (69%)
compared with other biomarkers. The combination
of TOP2A and CDKN2A/p16 resulted in an adequate
balance between sensitivity and specificity, and
could be used in the identification of HSIL.

Most previous studies have assessed these bio-
markers by immunohistochemistry. There is exten-
sive evidence showing that CDKN2A/p16 staining in
histological sections increases the detection of
HSIL13,16 and can identify LSIL at higher risk of
progression.10,17 Recently, the combination of p16
and Ki67 detected by immunohistochemistry has
been used in cytological samples to identify patients
with high-grade cervical lesions.18,19 In our study,
the analysis of these biomarkers in biopsy material
by immunohistochemistry showed that all were
positive in a high proportion of the HSIL lesions,
which is consistent with current evidence.8,16,20–23

Nevertheless, immunohistochemistry is not ade-
quate for screening purposes. Finally, immunohisto-
chemistry only analyzes a small area of the lesion,
which may not be representative of the whole
process that could explain the absence of
correlation between the mRNA expression in the
liquid-based cytology and the immunohisto-
chemistry staining in the simultaneous biopsy for
most of the biomarkers. Indeed, the main advantages
of mRNA detection using q-PCR in liquid-based
cytology are that it is less subjective than morpho-
logic assessment and it allows evaluation of the
whole cervical mucosa.24

Extraction of high-quality RNA is a prerequisite
for the application of RNA transcripts as biomarkers
for clinical purposes.25 The use of mRNA from
cervical scrapes, which consist of mucus and
exfoliated cervical cells, may be challenging
because the RNA might be degraded in this
material due to their lability. In our study, 91% of
the specimens had RNA of adequate quality and
could be analyzed. Storage solutions and sample
processing are critical steps to ensure high-quality
RNA. We centrifuged liquid-based cytology samples
remaining after conventional diagnostic tests, and
the pellets were stored at � 80 1C until processing.

Modern Pathology (2015) 28, 312–320

mRNA biomarkers in HSIL detection

316 M del Pino et al



The good results obtained indicate that this
procedure has a relatively minor effect on the
quality of mRNA. Moreover, in the present study,

mRNA extraction was performed after cytological
diagnosis and high-risk HPV testing by Hybrid
Capture 2, and both methods require an important

Figure 1 ROC curves for the diagnosis of high-grade squamous intraepithelial lesions (HSIL). The values of the areas under the ROC
curve (AUC) and the 95% confidence intervals (95% CI) are presented. (a) CDKN2A; (b) BIRC5; (c) MMP9; (d) TOP2A; (e) MCM5, and (f)
MKI67.
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amount of cells. Other screening strategies using
smaller quantities of liquid-based cytology might
facilitate the extraction of high-quality RNA.

Few studies have addressed the analysis of the
mRNA expression of the host-cell genes involved in
cervical carcinogenesis. In a previous study by
Boulet et al20 CDKN2A/p16 expression did not
allow discrimination between women with or
without SIL. Nevertheless, in their study the
samples were preserved in SurePath media, which
seems to result in highly fragmented RNA, not
suitable for reverse transcriptase polymerase chain
reaction (RT-PCR) assays.26,27 Contrarily, fixation in
PreservCyt has been proven to provide material
suitable for RNA isolation and subsequent analysis,
as shown in the present study.28,29 Recently,
Bourmenskaya et al30 have shown that a gradual
increase in the expression of proliferation markers

and a decrease in the expression of pro-apoptotic
human genes, as determined by RT-PCR, were
associated with increased risks of carcinogenesis.
These authors proposed a quantitative model
combining the expression of CDKN2A/p16 and
BIRC5, which are associated with adverse
prognosis,31,32 and MKI67, which distinguish SIL
from normal or benign reactive cervical lesions,22 for
cervical cancer risk assessment. Our results also
indicate that a combination of biomarkers could be
an adequate strategy for HSIL detection. However,
the best combination of biomarkers to achieve the
highest sensitivity and specificity remains to be
determined. In our study the combination of TOP2A
and CDKN2A/p16 showed a sensitivity and
specificity for HSIL diagnosis of 96 and 71%,
respectively.

This study has some limitations. First, changes in
the levels of expression and/or functions of host-cell
genes due to the presence of high-risk HPV in
samples without cellular dysplasia were not eval-
uated. Negative cytology samples positive for high-
risk HPV were not included in the study as HPV
testing is not performed in the primary screening of
our clinical setting. Second, the correlation of the
mRNA expression by q-PCR from the biomarkers
analyzed in histological material was not investi-
gated. We only considered cytological samples as

Table 3 Cut-off values, sensitivity, and specificity of CDKN2A/
p16, BIRC5, MMP9, TOP2A, MCM5, and MKI67 in the diagnosis of
histologically confirmed high-grade squamous intraepithelial
lesions (HSIL)

Cut-off
value

Sensi-
tivity

(95%
CI)

Speci-
ficity

(95%
CI)

CDKN2A/p16 1.76 75 (64–84) 78 (63–88)
BIRC5 4.74 90 (81–95) 58 (43–72)
MMP9 � 1.14 81 (70–88) 41 (28–57)
TOP2A 2.22 97 (90–99) 54 (39–68)
MCM5 2.79 94 (87–98) 27 (16–42)
MKI67 4.03 93 (85–97) 56 (41–70)
CDKN2A/p16 þ
TOP2A

4.62 96 (88–99) 71 (55–82)

Abbreviations: CI, confidence interval; HSIL, high-grade squamous
intraepithelial lesions.

Figure 2 ROC curve for CDKN2A and TOP2A for the diagnosis of
high-grade squamous intraepithelial lesions (HSILs). The values
of the areas under the ROC curve (AUC) and the 95% confidence
intervals (95% CI) are presented.

Table 4 Sensitivity and specificity of positive immunochemical
staining of CDKN2A/p16, BIRC5, TOP2A, MCM5, and MKI67 for
histologically confirmed high-grade squamous intraepithelial
lesions

Cut-offa Sensitivity (95% CI) Specificity (95% CI)

CDKN2A/p16
1 100 (91–100) 63 (51–73)
2 100 (91–100) 73 (61–82)

BIRC5
1 94 (82–98) 19 (10–34)
2 33 (20–50) 80 (66–90)

TOP2A
1 80 (64–90) 23 (13–38)
2 14 (6–29) 91 (78–96)

MCM5
1 61 (45–75) 37 (24–53)
2 25 (14–41) 82 (68–91)

MKI67
1 71 (55–84) 31 (18–48)
2 34 (21–51) 77 (61–88)

CDKN2A/p16þTOP2A
1 100 (91–100) 43 (32–55)
2 100 (91–100) 72 (60–81)

Abbreviation: CI, confidence interval.
The evaluation of the biomarkers was performed in the areas with
lesion.
aCut-off levels; 1: positive staining of 5–25% of cells; 2: positive
staining of over 25% of positive cells.
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our aim was to study the feasibility of mRNA
analysis in a standard clinical setting.

In conclusion, we have shown that mRNA expres-
sion in liquid-based Pap specimens is feasible and
could be used for HSIL detection. The combination
of CDKN2A/p16 and TOP2A has shown an adequate
sensitivity and specificity to identify women with
HSIL. Further studies including a larger number of
patients representing the complete reality of the
secondary prevention of cervical cancer are war-
ranted to confirm that biomarker identification using
strategies based on mRNA detection might have a
role in the secondary prevention of cervical cancer.
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