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Abstract

Background: Screening programs using Papanicolaou smear along with human papillomavirus (HPV) testing led to a significantly decrease
of cervical cancer rates. Nevertheless, both assessments have limited specificity for revealing cervical high-grade lesions. The main problem
is how to identify the real precursor of cervical squamous cell carcinomas (SCC), namely high-grade squamous intraepithelial lesions (HSIL).
Aim: The aim of our study was to conclude if ProEx C might be used as a marker for high-grade cervical intraepithelial neoplasia (CIN).
Materials and Methods: In this study, we detected the immunochemical expression of anti-ProEx C antibody in liquid-based cytology (LBC)
samples. We analyzed a total number of 125 cervical cytology specimens. Results: In 48% of all cases, ProEx C was found to be positive.
The percentage increased from 0% in negative for intraepithelial lesion or malignancy (NILM) cases to 100% in SCC cases. Conclusions:
ProEx C may be utilized to improve the accuracy of cytological diagnosis on cervical smears, according to the findings of this study. This
marker is also useful in detecting unrevealed high-grade lesions on atypical squamous cells of undetermined significance (ASC-US), lowgrade squamous intraepithelial lesions (LSIL) smears, being very useful in establishing the conduct of these cases.
Keywords: liquid-based cytology, human papillomavirus, ProEx C, immunocytochemistry.

 Introduction
Most cervical malignancies are known to develop from
precursor lesions as squamous intraepithelial lesions (SIL)
associated with high-risk human papillomavirus (HR-HPV)
[1]. SIL are categorized as low or high grade according on
their likelihood of progressing to carcinoma if left untreated.
Whereas low-grade SIL (LSIL) are infrequently followed by
a cancer diagnosis, high-grade SIL (HSIL) are thought to be
the true precursor to cervical squamous cell carcinomas
(SCC) [2]. The requirement of a proper diagnosis of the
latter is essential for both optimal care and to stop the
disease’s natural development. Since the Papanicolaou
(Pap) test cannot provide sufficient sensitivity (Sn) for
detecting HSIL, women with moderate cytological atypia
must receive colposcopy and cervical biopsies to acquire
satisfactory test Sn. High specificity (Sp) is the intended
outcome at this phase to avoid false-positive results that
could result in patient psychological stress, unneeded
conization, or hysterectomy [3]. Consequently, a method
for diagnosing high-grade cervical disease in conjunction
with cervical cytology and molecular testing for HR-HPV
infection is required. This method should be capable to
detect high-grade cervical disease and to differentiate highgrade disease from other mimics or from conditions that

are not considered real precursors of SCC, such as earlystage HPV infection and mild dysplasia.
In clinical practice, an improved screening algorithm
for cervical cancer is undeniably essential. An appropriate
screening test should identify the consequence of HR-HPV
infection subsequently to cervical cell changes. Moreover,
it should precisely identify the patients in which disease
progression to neoplasia occurs [4].
HPV oncoproteins are directly involved in the progression
of dysplasia and cervical cancer, according to previous
research. E6 acts through interaction with p53 tumor
suppressor protein and E7 through interaction with pRb,
p107 and p130 retinoblastoma proteins [5]. These induce
aberrant transcription of S-phase proteins, such as topoisomerase II alpha (TOP2A) and minichromosome maintenance 2 (MCM2) protein. ProEx C is an immunocytochemical (ICC) marker that can represent an adjuvant test
for equivocal cytodiagnostics and can help to detect highgrade cervical lesions [6], having a high Sn and Sp in
detecting aberrant induction of the S phase.
ProEx C contains three antibodies: two clones of MCM2
and TOP2A. MCM2 proteins are involved in the early stages
of deoxyribonucleic acid (DNA) replication. TOP2A, the
third antibody included in ProEx C, is a nuclear enzyme
involved in DNA replication, helping to maintain the accurate
conformation of DNA. These are overexpressed in the
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aberrant induction of the S phase, being overexpressed in
dysplastic and malignant cells [7], but the presence of
immunolabeling may also be possible in some morphologically normal cells. For this reason, normal-looking cells,
even if they react positively to these markers, should be
reported as negative [8, 9].
Aim
Our study aim was to identify the ICC expression of
ProEx C and to investigate the expression of this marker
in cervical lesions.
 Materials and Methods
Within the study, we analyzed a total number of 125
patients who were cytologically investigated, tested for HPV
and had biopsy under colposcopic control. The Pap smears
were immunocytochemically stained using anti-ProEx C
(BD Diagnostics–TriPath, Burlington, North Carolina, USA)
antibodies.
Liquid-based cytology (LBC)
The samples collected from patients using a Wallach®
Papette, which was then directly immersed into a container
with PapSpin Collection Fluid stabilizer. Cytospin 4 was
used to perform LBC (PapSpin®) (Thermo Shandon). Cyto
Check densitometer was used to monitor the cell density.
We performed regular cell dilution using manufacturer’s
procedure. Cells from the megafunnel were deposited by
cytocentrifugation on the glass slide. Two slides per case
were prepared: one slide was fixed and stained with Pap
stain, respectively one slide was used for ICC staining. The
Bethesda reporting system was used to assess the cytological
specimens [10].
HPV DNA testing
Thirty-seven HPV types with high and low risk were
identified individually at the Ştefan S. Nicolau Institute of
Virology, Bucharest, Romania, by using the Linear Array
HPV Genotyping Test (Roche Diagnostics). Specifically,
these types were 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42,
45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68,
69, 70, 71, 72, 73 (MM9), 81, 82 (MM4), 83 (MM7), 84
(MM8), IS39, and CP6108.
The method is centered on polymerase chain reaction
(PCR) amplification of a fragment of HPV L1 gene followed
by hybridization; this kit is registered for use in the
European Union. The tests were carried out in accordance
with the manufacturer’s instructions. Each run included
an internal control, as well as HPV-negative and HPVpositive controls [11].
Cervical biopsy specimens
To establish the exact degree of dysplasia, a cervical
biopsy was performed under colposcopic control. We applied
5% Acetic acid at the exocol and endocol level. The biopsy
was performed on the aceto-white areas. When no acetowhite areas were observed, the biopsy was performed at
the squamous-cylindrical junction in the upper quadrant.
Sections were stained with Hematoxylin–Eosin (HE), and
the diagnosis was written using SIL terminology [12].
ProEx C ICC staining
The BD ProEx™ C Antibody Reagent containing mouse

monoclonal anti-MCM2 and anti-TOP2A antibodies was
used for ICC staining. They were purified from tissue
culture supernatant, and consequently diluted in buffered
saline solution, having 0.09% Sodium Azide and protein
stabilizers.
The testing was also done respecting the manufacturer’s
protocol. SureDetect™ SiHa (human cervical tumor cell)
Cell Control was available from TriPath Imaging®, Inc.
A cervical cancer cell line was contained in each sample,
prepared in the same way as the clinical specimens. As a
negative control, a mouse immunoglobulin G (IgG) was
utilized. Each staining step comprised both positive and
negative control slides.
The evaluation of ProEx C immunostaining
All histopahological (HP) samples were assessed to
confirm the absence or nonspecific staining and to validate
the nuclear staining of ProEx C. SiHa cell line was used
as an internal positive control. The evaluation of tissue
specimens was done using a three-step algorithm. According
to 2001 Bethesda System, we firstly considered the adequacy
of the specimen [10]. In the next phase, we evaluated the
brown nuclear staining in the squamous cells. Finally, we
analyzed if the stained cells revealed changes comply with
the diagnostic criteria. We considered positive the slides in
which the three steps were fulfilled [13].
Statistical analysis
Sn, Sp, positive predictive values (PPV), negative predictive
values (NPV) and accuracy (Ac) were assessed to evaluate
the diagnostic precision of the ProEx C, using HP exam as
the “gold standard”. HP diagnoses of HSIL were considered
positive results [14].
 Results
Cytological results
The cytological diagnosis of the 125 patients included
in our research were as follows: 18 (14.4%) cases were
negative for intraepithelial lesion or malignancy (NILM),
eight (6.4%) cases with atypical squamous cells of undetermined significance (ASC-US), 43 (34.4%) cases LSIL,
52 (41.6%) cases HSIL and in four (3.2%) cases SCC.
HP analysis
HP results revealed that 22 (17.6%) cases were benign
lesions, 46 (36.8%) cases were LSIL, 49 (39.2%) cases were
HSIL, and eight (6.4%) cases were SCC. Table 1 displays
the distribution of cytological diagnoses in accordance
with HP diagnosis.
Table 1 – The distribution of cytological diagnosis,
according to HP diagnosis
Cytological
diagnosis

B

NILM
ASC-US
LSIL
HSIL
SCC

15
4
3
0
0

HP diagnosis
LSIL
HSIL
3
3
38
2
0

0
1
2
46
0

SCC
0
0
0
4
4

ASC-US: Atypical squamous cells of undetermined significance; B:
Benign lesions; HP: Histopathological; HSIL: High-grade squamous
intraepithelial lesion; LSIL: Low-grade squamous intraepithelial lesion;
NILM: Negative for intraepithelial lesion or malignancy; SCC: Squamous
cell carcinoma.
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HPV genotyping results
Our results proved single HPV infections in 68 (54.4%)
cases and multiple HPV infections in other 41 (32.8%) cases;
16 (12.8%) cases were HPV-negative. In the group with
single HPV infection, 11 (16.17%) cases presented with
low-risk HPV (LR-HPV) and 57 (83.82%) cases with
HR-HPV. Since all cases of multiple type HPV infections
contained at least one oncogenic type, they were all included
in the HR-HPV group for evaluation.
Following that, the HPV genotyping findings divided
into groups based on HPV risk. Of all 125 included patients,
we found 98 (78.4.4%) cases with HR-HPV and 11 (8.8%)
cases with LR-HPV, the rest being negative. Furthermore,
we divided the HPV risk group in relation to the diagnostic
category. HR-HPV infection was found in 11.11% of NILM
cases (2/18), 50% of ASC-US cases (4/8) and 83.72% of
LSIL cases (36/43). All HSIL and SCC cases displayed
HR-HPV genotypes.

Figure 2 – LSIL: nuclear labeling for ProEx C in
dysplastic cells (immunocytochemistry, ×1000). Lowgrade squamous intraepithelial lesion.

ICC results
In this study, a positive result for ProEx C was found in
48% from all the cases (Table 2), namely 12.5% from ASCUS cases (Figure 1), 18.6% from LSIL cases (Figure 2),
90.4% from HSIL cases (Figure 3), and 100% from SCC
cases (Figure 4). ProEx C was found to be negative in all
NILM cases.
Table 2 – ProEx C biomarker detection rate in the
cytological smear in liquid medium
Cytological
diagnosis

Total
cases

NILM
ASC-US
LSIL
HSIL
SCC
Total

18
8
43
52
4
125

ProEx C positive
n
%
0
1
8
47
4
60

0.0
12.5
18.6
90.4
100
48

Figure 3 – HSIL: nuclear labeling for ProEx C in
dysplastic cells (immunocytochemistry, ×400). HSIL:
High-grade squamous intraepithelial lesion.

ASC-US: Atypical squamous cells of undetermined significance;
B: Benign lesions; HSIL: High-grade squamous intraepithelial lesion;
LSIL: Low-grade squamous intraepithelial lesion; n: No. of cases; NILM:
Negative for intraepithelial lesion or malignancy; SCC: Squamous cell
carcinoma.

Figure 4 – SCC: nuclear labeling for ProEx C in
dysplastic cells (immunocytochemistry, ×400). SCC:
Squamous cell carcinoma.

Figure 1 – ASC-US: nuclear marking for ProEx C
(immunocytochemistry, ×400). ASC-US: Atypical
squamous cells of undetermined significance.

60.2% of positive HR-HPV patients presented positive
ProEx C biomarker, while in negative HR-HPV patients,
only one positive ProEx C case (3.7%) was registered
(p=0.0005) (Table 3).
The association of HR-HPV infection with ProEx C
positivity induces a relatively viral oncogenic risk of 1.28
times higher [relative risk (RR): 1.28; 95% confidence
interval (CI): 1.11–1.49]. The outcomes of HP follow-up
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on LBC specimens in relation to ProEx C immunostaining
are shown in Table 4.
Table 3 – Correlation between HPV risk and ProEx C
positivity in study patients
HPV
ProEx C

HR-HPV (+)

Statistical
significance
n
%

n

%

Positive

59

60.2

1

3.7

Negative

39

39.8

26

96.3

Statistical
significance
χ2=12.11;
GL=1;
p=0.0005

HR-HPV: High-risk human papillomavirus; n: No. of cases.

Table 4 – HP follow-up results of the LBC samples in
correlation with ProEx C immunostaining
ProEx C

B

LSIL

HSIL (+)

Negative
Positive

22
0

39
7

4
53

B: Benign lesions; HP: Histopathological; HSIL: High-grade squamous
intraepithelial lesion; LBC: Liquid-based cytology; SIL: Low-grade
squamous intraepithelial lesion.

Statistical results
For the ProEx C, the presence of the immunostaining
was considered as a positive result. The diagnostic test
results revealed that Sn 93%, Sp 87%, PPV 88.33%, NPV
92.2%, and the Ac was 90%. The log-rank analysis was
statistically relevant for this antibody (p<0.0001) (Table 5).
Table 5 – Comparative analysis of the Ac of the ICC
diagnosis in the detection of HSIL (+) lesions
ICC test
ProEx C (+)

Sn
[%]
93.0

Sp
[%]
87.0

PPV
[%]
88.33

NPV
[%]
92.2

Ac
[%]
90.0

p
<0.0001

Ac: Accuracy; HSIL: High-grade squamous intraepithelial lesion; ICC:
Immunocytochemical; NPV: Negative predictive value; Sn: Sensitivity;
Sp: Specificity; PPV: Positive predictive value.

 Discussions
ProEx C represents a cocktail of antibodies which play
together an important role in regulating DNA replication
in eukaryotes [15, 16]. E6 and E7 HR-HPV oncoproteins
act at cell cycle checkpoints causing a lengthy and abnormal
induction of the S phase. During cell cycle aberrant transcription triggering, MCM2 and TOP2A levels increase in
proliferating cells. Previous studies proved an overexpression
of MCM2 and TOP2A in various dysplastic and malignant
cell types, including HR-HPV-induced cervical neoplasia
[15].
ProEx C appears to be an ICC marker that can provide
an alternative or an auxiliary test for cervical cytology of
uncertain significance (ASC) and can help detect highgrade intraepithelial lesions [17, 18].
Within our study, correlation of HR-HPV infection with
the presence of the ProEx C immunolabel showed positivity
in 60.2% of HR-HPV (+) patients, whereas only one
ProEx C positive case was reported in negative HR-HPV
patients. All these observations are supported by statistical
analysis, which confirmed significant differences (p=0.0005)
between HR-HPV (positive versus negative) and ProEx
positive immunolabeling. Overall, the results obtained
support the interest focused on the role of HR-HPV and
positive ProEx C in the development of viral oncogene risk.

In 2006, Shroyer et al. analyzed and proved the
performance of ProEx C in 40 prospectively clinical
specimens collected from patients who were evaluated at
the University of Colorado at Denver and Health Sciences
Center. The findings of this study validated previous research
stating that ProEx C score was negative in NILM cases
and positive in HSIL cases [16].
Within a study performed by Siddiqui et al. (2008),
using the HP diagnosis as a “gold standard”, the authors
obtained a Sn of 98.04% in the case of ProEx C and 82.35%
in HR-HPV genotyping, respectively; additionally, the Sp
varied between 74.50% and 73.15% [13].
A study by Tambouret, in 2008, concluded that the ICC
label for ProEx C combined with any degree of cytological
atypia has a Sn of 92% and a Sp of 84% in the detection of
cervical intraepithelial neoplasia (CIN) grade 2. Moreover,
ProEx C can also be useful in identifying cases with risk
progression [19].
A study of Halloush et al. (2008) proved that ProEx C
had an improved performance in distinguishing NILM versus
HSIL/SCC compared with p16INK4a. Because it offers only
a nuclear staining, it is an easier to interpret marker even
in inadequate samples [20].
Another retrospective study from 2009 validated this
marker, demonstrating the PPV of ProEx C in diagnosing
high-grade cervical lesions on biopsies [21].
Also, in 2009, in the study of Walts & Bose, 26% of
CIN2–3 and 6% of CIN1 cases expressed ProEx C. In the
progression group, the expression was higher compared with
that in the persistence and regression groups indicating
that ProEx C ICC is a suitable indicator for progression
to HSIL [22].
Studies regarding MCM2 and TOP2A are contradictory.
Some authors reported their utility for screening of precancerous lesions and cervical cancer, while others consider
that the expression level of MCM2 cannot predict posttreatment response and tumor stage [23, 24].
Few studies have followed patients, analyzing their
survival and prognosis. In this regard, the appropriate
mechanisms and pathways are less understood. Yang et al.
claimed, in 2020, that in addition to influencing other
genes, they may also play a key role in post-translational
modification or activation of certain other pathways,
resulting in a prolonged patient survival, which requires
more research in the area [25].
In 2020, Ding et al. reported the first study proving
that when compared to p16INK4a and Ki67, ProEx C staining
is an independent risk factor for LSIL development over
two years. The research provides a method for identifying
LSIL patients who are at a higher risk of developing
cancer [26].
The results of our study showed that ProEx C has two
important roles: the first is to facilitate the identification
of atypical cells on the smear, especially cells with highgrade lesions and the second is to interpret the presence
of a brown nuclear marking of a cell atypical being correlated
with an increased risk of high-grade injury.
ProEx C immunolabeling has occasionally been observed
in benign endocervical cells and metaplastic cells. These
may be a potential reason for diagnostic error, so it is very
important to correlate cell morphology with the result of
ProEx C labeling. The exact cause of staining of these cells
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has not yet been demonstrated. A plausible explanation
could be the presence of inflammation and its mediators.
For this reason, it is important to interpret the ProEx C
label carefully because not every stained core should
be interpreted as a positive result. Only when a cell is
morphologically assessed and shows cytological atypia,
nuclear staining should be stated as a positive result.
In the present study, an increase in ProEx C positivity
was found from smears with ASC-US to LSIL, HSIL,
and SCC, respectively. ProEx C was absent in all cases
of NILM. The use of the ICC label for ProEx C showed
moderate Sn, whereas the Sp and PPV are superior to
other markers.
In the absence of a reliable HP diagnosis of a highgrade lesion, a positive ProEx C result in patients with
ASC-US or LSIL indicates overexpression of MCM2 and
TOP2A and the need for closer follow-up of these cases
due to the risk of progression of lesions in the near future
[27].
ProEx C positivity was frequently found in patients with
high-grade intraepithelial lesions and rarely in patients with
mild dysplasia. The use of the ICC label for ProEx C on
cervical smears showed Sp and Ac, greatly reducing the
percentage of false-positive results. The presence of the
ProEx C marking on ASC-US/LSIL smears raises the
suspicion of a high-grade intraepithelial lesion, and careful
monitoring of these cases is required.
 Conclusions
The present study suggests that ProEx C may be used
to increase the Ac of cytological diagnosis on cervical
smears. This marker is also useful in detecting unidentified
high-grade lesions on ASC-US/LSIL smears, being very
useful in establishing the conduct of these cases. In the
future, this marker can be used in addition to cervical
cytology to increase the Sn and Sp of this test.
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