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Abstract: Cervical cancer is one of the most common gynecological malignancies. In recent
years, the implementation of cervical cancer screening has resulted in the effective control of
cervical cancer incidence. However, many deficiencies still exist in the current screening tech-
niques and strategies. With advancements in cervical cancer screening research, immunochemical
staining to determine cervical cytology has shown a broader application prospect in the early
screening for cervical cancer, especially for triage in cervical cancer screening.
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Introduction

Cervical cancer has a high mortality rate and is the second most common gyneco-
logic cancer worldwide.! In recent years, the onset age of cervical cancer has become
increasingly younger. Over the past several decades, wide implementation of cervi-
cal cancer screening in the USA has contributed to an extraordinary reduction in
the mortality rate and the prevalence of cervical cancer by over 50%.2 However, the
incidence of cervical cancer in developing countries is approximately four to six times
of that in developed countries.! On the one hand, the increased incidence is associated
with imperfect screening systems in developing countries. The medical resources are
unevenly allocated, and the poorest regions rarely benefit from cervical cancer screen-
ing. On the other hand, the increased incidence is also related to the limited screening
techniques and strategies used.’

With advancements in cervical cancer screening, more screening approaches have
been applied in the clinic. At present, commonly used screening methods for cervical
cancer include cervical cytology tests, human papillomavirus (HPV) detection, acetic
acid (VIA) and/or the Lugol’s iodine (VILI) test, p16/Ki67 dual staining, and colposcopy
examination. Regular cytological screening tests are dependent on sampling techniques
and the opinion of diagnosticians, and some diagnostic test results are ambiguous.
The specificity of cytological tests for high-grade lesions, ie, cervical intraepithelial
neoplasia 2 and above (CIN 2+), is ~73.4%, but the sensitivity of these tests is only
51.5%, which results in a considerable rate of misdiagnosis.** In comparison, HPV
screening yields a sensitivity and specificity of 88.2% and 57.8%, respectively, for
detecting CIN 2+; its sensitivity is relatively high, but its specificity is considerably
lower than that of cervical cytology, which leads to unnecessary colposcopy and other
invasive examinations.® According to the screening guidelines for cervical cancer
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issued by the American Society of Colposcopy and Cervical
Pathology, the best screening option for women aged 30—65
years is a combined HPV detection and cytology test because
co-testing can increase both the sensitivity and the specificity
of cervical cancer screening.” However, although co-testing
effectively improves the accuracy of diagnosis, ~60%—80%
of patients referred to colposcopy still undergo invasive
screening with no benefit.>® Therefore, it is imperative to
develop new screening strategies and techniques to reduce
the misdiagnosis rate and to minimize invasive examinations.
Cervical immunocytochemical staining is used to analyze
specific molecular markers in liquid-based cytology samples.
In the 2014 version of the Bethesda System for Report-
ing Cervical Cytology, immunocytochemical staining was
recommended as an adjuvant test for cytologic diagnosis.’
In recent years, many studies have investigated the clinical
application of cervical immunocytochemical staining. The
present study reviews the progress in immunocytochemical
staining in cervical cytology and its clinical applications.

p16/Kié7 dual staining and its
applications

p16/Ki67 dual staining

The cyclin-dependent protein kinase inhibitor p16™** is
a negative regulator of the cell cycle pathway of cyclinD-
CDK4/6-pRb-E2F that regulates the transition from the G1
to the S phase of the cell cycle and normally functions as
a cell cycle brake or tumor suppressor.'® The expression of
pl6 is reduced in many cancers by mutation, deletion of the
gene, or hypermethylation of its promoter.'""'* However, in the
cases of cervical high-grade squamous intraepithelial lesion
(HSIL) and carcinomas induced by persistent infection of
high-risk HPV (HR-HPV) that contributes to neoplastic pro-
gression through the action of E6 and E7 viral oncoproteins,
the product of p16 has been shown to be overexpressed as
a result of functional inactivation of retinoblastoma protein
(pRb) by the HPV E7 protein, which due to that the loss of
pRb function should result in the release of the p/6 gene from
negative transcriptional feedback control.'* Therefore, p16
was considered as a potential biomarker that can be used in
cervical cancer screening.'>'¢ However, p16 single staining
has limited use in screening since pl6 is also expressed in
normal cervical cells. Ki-67 is a nuclear antigen expressed in
all phases of the cell cycle except for GO phase and is a prolif-
eration marker. Functional inactivation of pRb may lead only
to genetic instability in normal cells; however, it will cause
malignant transformation in DNA replication-competent

cells. Therefore, simultaneous detection of tumor suppressor
gene p16 overexpression and expression of the proliferation
marker Ki-67 within the same cervical epithelial cell should
indicate deregulation of the cell cycle and reveal genuine
lesions, which is independent of morphological examination
results. Because in normal cells, in which p16 functions as a
tumor suppressor gene and the Ki-67 functions as a cellular
proliferation marker, they should be mutually exclusive and
rarely expressed simultaneously.!”® Previous studies showed
that p16/Ki67 dual staining can effectively detect cervical
cancer and precancerous lesions.?’ The stain model is shown
in Figure 1: A shows the negative staining, B shows the
H&E staining, C shows the Ki-67 nuclear positive staining,
D shows the p16 cytoplasmic positive staining, and E shows
the p16 cytoplasmic and Ki-67 nuclear co-positive staining.

p16/Kié7 dual staining in primary
screening
Primary screening based on cytology or HR-HPV types is
associated with an increased misdiagnosis rate and overtreat-
ment. In 2013, the prospective multicenter Primary atypical
squamous cells of undetermined significance (ASC-US)
low-grade squamous intraepithelial lesion (LSIL) Marker
Study (PALMS) screened 27,349 women between the ages
of 18 and 65 years in five European countries. The results
showed that for all participants, p16/Ki67 dual staining
exhibited superior sensitivity (86.7% vs 68.5%, P<0.001) and
comparable specificity (95.2% vs 95.4%, P=0.15) compared
with cytology for the identification of CIN 2+ by biopsy. For
participants >3(0 years of age, the HPV test exhibited a higher
sensitivity (93.3% vs 84.7%, P=0.03) but a lower specificity
(93.0% vs 96.2%, P<0.001) than p16/Ki67 dual staining. For
participants <30 years of age, p16/Ki67 dual staining exhib-
ited a specificity that was similar to that of cytology (92.6%
vs 92.0%, P>0.05) but had a significantly higher sensitivity
(89.4% vs 71.9%). Hence, it was proposed that p16/Ki67 dual
staining might be a potential screening strategy for cervical
lesions, especially for individuals <30 years of age.?
However, another study conducted by Yu et al screened
1,079 women attending ongoing cervical cancer screening
and reported an inconsistent outcome.? The results showed
that the sensitivity of p16/Ki-67 for the detection of CIN
2+ in the whole screened population was no different from
that of cytology and HR-HPV detection (90.9% vs 93.5%
vs 94.4%, P>0.05). However, the specificity was slightly
higher than that of cytology (79.5% vs 76.2%, P=0.042). The
authors considered that this difference might be due to the
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different populations and the different methods of cytology
or HPV testing between these two studies. Moreover, all the
cytological diagnoses were made by experienced cytologists,
which may also be an important factor in its comparability
with other studies (Table 1).

p16/Kié7 dual staining in patients referred

to colposcopy

According to the current screening guidelines, patients are
referred to colposcopy if they are HPV16/18 (+), HR-HPV
(-) combined with >atypical squamous cells of undeter-
mined significance (ASCUS) cytology, or HR-HPV (+) with

Figure | The cellular model of each marker positive staining.

>ASCUS cytology. However, both the literature and the data
from Peking Union Hospital indicate that among patients
referred to colposcopy (except for those with cytologic
HSIL), only 10%—40% were CIN 2+ according to biopsy.?>*
Hence, for patients who were referred to colposcopy by co-
testing, triage strategies should be implemented to increase
the positive detection rate of colposcopy. In 2011, the triage
performance of p16/Ki-67 was evaluated by Petry et al in
patients with cytology (—) combined HPV (+), and the results
showed that the sensitivity and specificity were 91.9% and
82.1%, respectively.?* During the following year, Wentzensen
et al examined 625 patients referred to colposcopy and

Note: (A) Negative staining; (B) H&E staining; (C) Ki-67 nuclear positive staining; (D) p16 cytoplasmic positive staining; (E) pl6 cytoplasmic and Ki-67 nuclear co-positive
staining; (F) ProEx™ C nuclear positive staining; (G) HPV LI capsid protein nuclear positive staining; (H) Claudin | membranous positive staining; (I) IMP3 cytoplasmic
positive staining; (J) Feulgen-thionin staining for DNA; and (K) RKIP nuclear and cytoplasmic positive staining.

Abbreviations: HPV, human papillomavirus; IMP3, insulin-like growth factor-Il mRNA-binding protein 3; RKIP, Raf kinase inhibitor protein.

Table | Diagnostic performance of the p16/Ki-67 dual staining in primary screening for detecting CIN 2+

Study Population Sensitivity (%) Specificity (%)
pl6/Ki-67 Cytology HR-HPV pl6/Ki-67 Cytology HR-HPV
Ikenberg et al*® Age range: 18-65 years 86.7 68.5 - 95.2 95.4 -
30-65 years 84.7 - 93.7 96.2 - 93
18-29 years 89.4 71.9 - 92 92.6 -
Yu et al?! Total population 90.9 93.5 94.4 79.5 76.2 76.9
Screening population 75.0 65.0 100 79.5 76.2 76.9
Abbreviations: CIN 2+, cervical intraepithelial neoplasia 2 and above; HPV, human papillomavirus; HR-HPV, high-risk HPV.
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showed that as the cervical lesion severity worsened, the
positive rate of pl16/Ki67 dual staining increased substan-
tially. For the detection of CIN 2+, dual staining exhibited
a sensitivity of 86.4% (81.5%-90.2%) and a specificity of
59.5% (54.2%—64.5%), and the colposcopy referral rate was
reduced to 59.55% (55.7-63.3).% It is also worth noting that
for patients with HR-HPV (+) combined with ASCUS/LSIL
cytology, p16/Ki67 dual staining exhibited high sensitivity
(90.6%, 73.8-97.5) and moderate specificity (48.6%, 43.5—
53.9) for the detection of CIN 3+ lesions. A study in Italy also
revealed a significant correlation between the positive rate of
pl6/Ki67 dual staining and the severity of cervical lesions
and showed the sensitivity (79.7%) and specificity (73.5%)
of dual staining for the detection of CIN 2+.% In addition,
the Dutch study “VUSA-Screen” showed that the sensitivity
of p16/Ki67 dual staining for patients with HPV (+) com-
bined with ASCUS cytology was significantly higher than
that for patients who were HPV (4) and ThinPrep cytologic
test (TCT) () (91% vs 68.8%), although the specificity was
poor (30.6% vs 72.8%). Afterward, specimens from 1,021
women who were HPV (+) and TCT (-) were subjected to
pl6/Ki-67 dual staining for subsequent triage. Compared
with HPV16/18 genotyping, p16/Ki-67 dual staining exhib-
ited a higher sensitivity (73.3% vs 46.7%) and comparable
specificity for detecting CIN 3+.26 Taken together, p16/Ki67
dual staining significantly reduces the referral rate for col-
poscopy that results from current screening guidelines, but
the dual staining approach is accompanied by a noticeable
increase in the misdiagnosis rate (Table 2).

pl6/Ki67 dual staining in patients with
ASCUS/LSIL cytology

Patients with ASCUS/LSIL who were screened using primary
cytology should be subjected to triage before referral to colpos-
copy due to several issues associated with cytology, including
its low sensitivity, high misdiagnosis rate, poor reproducibility,

and reliance on the experience of cytologists.” Specifically,
patients with a low-risk cytology result should then undergo
routine screening, whereas those at a higher risk require
further examinations or close follow-up. Many studies have
examined the triage management for patients with ASCUS/
LSIL. In 2010, European Equivocal or Mildly Abnormal Pap
Cytology Study, which recruited 810 cytologically diagnosed
ASCUS/LSIL patients, showed that p16/Ki67 dual staining
exhibited a similar sensitivity for detecting CIN 2+ to that of
the HR-HPV test (92.2%—94.2% vs 90.9%—-96.4%), and a sig-
nificantly higher specificity (80.6%—68% vs 36.3%—19.1%).”
In 2015, Bergeron et al conducted the PALMS study, in which
over 1,000 patients with ASCUS/LSIL were examined, and
reported a similar conclusion. Specifically, the results showed
that for detecting CIN 2+ lesions, pl16/Ki67 dual staining
exhibited a similar sensitivity (94.4% vs 100%, P=0.317) but
a significantly higher specificity (78.7% vs 60.4%, P<0.001)
compared with the hybrid capture 2 (HC2) test. For detecting
CIN 2+ lesions in patients with LSIL, p16/Ki67 dual staining
exhibited a slightly lower sensitivity than that of the HC2 test
(85.7% vs 98.4%, P=0.005), but its specificity was higher
by 37.7% (53.3% vs 15.6%, P<0.001). More importantly, in
patients <30 years, the positive predictive value of p16/Ki67
dual staining for CIN 2+ was 86% higher than that of the HC2
test.?® In the same year, however, a prospective multicenter
study in China revealed that for patients with ASCUS/LSIL,
the sensitivities of the two tests (p16/Ki67 dual staining and
the HR-HPV test) were not different and that the specificity of
p16/Ki67 dual staining for cervical lesions was increased by
only 11% (66.4% vs 55.8%). Nevertheless, its referral rate for
colposcopy was reduced by 10% (43.8% vs 53.1%) compared
with that of the HR-HPV test.?! Hence, although consider-
able differences are found in the results from various studies,
p16/Ki67 dual staining is superior to the HR-HPV test in the
referral rate of patients who are cytologically diagnosed with
ASCUS/LSIL (Table 3).

Table 2 Triage performance of the p16/Ki-67 dual staining in patients referred to colposcopy for detecting CIN 2+

Population Sensitivity (%) Specificity (%) PPV (%) NPV (%)
pl6/Ki-67 HPV pl6/Ki-67 HPV p16/Ki-67 HPV pl6/Ki-67 HPV
16/18 16/18 16/18 16/18
Petry et al** HPV+ TCT- 91.9 - 82.1 - 345 - 99.1 -
Uijterwaal et al?® HPV+ TCT- 68.8 43.8 72.8 79.4 25.2 22.1 94.6 91.4
HPV+ >ASCUS 91.0 - 30.6 - 50.5 - 81.5 -
Wentzensen etal® | HPV+ ASCUS/LSIL | 86.4 47.6 59.5 80.8 - - - -
Dona et al? Colposcopy 79.7% - 73.5% - - - - -

Abbreviations: CIN 2+, cervical intraepithelial neoplasia 2 and above; HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion; NPV, negative predictive

value; TCT, ThinPrep cytologic test.
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p16/Ki67 dual staining in HR-HPV-
positive patients

With a deep understanding of persistent HR-HPV infection
and the development of cervical cancer, HR-HPV testing
has been demonstrated to be a highly sensitive and repro-
ducible screening approach. According to the data based
on HR-HPV primary screening, including the publication
of the prospective study ATHENA (Addressing The Need
for Advanced HPV Diagnostics)® and the publication of
the follow-up data from multiple HPV screening trials, the
HR-HPV test was proposed as the primary cervical can-
cer screening strategy in the 2015 Clinical Guidelines for
Cervical Cancer Screening in the USA due to its extremely
high sensitivity.” However, the HR-HPV test showed a poor
specificity in that it could not distinguish a transient infec-
tion from a persistent infection. Consequently, if all patients
with HR-HPV positivity are referred to colposcopy, this
inevitably leads to overdiagnosis, overtreatment, and a waste
of medical resources. Therefore, tremendous effort has been
dedicated to the triage of HR-HPV-positive patients, but
the results thus far are controversial. In 2015, Wentzensen
et al examined 2,363 HR-HPV-positive patients from the
Kaiser Permanente Northern California Health System and
showed that for triage of HR-HPV-positive patients, the

sensitivity (83.4% vs 76.6%, P=0.1), specificity (58.9% vs
49.6%, P<0.001), positive predictive value (21.0% vs 16.6%,
P<0.001), and negative predictive value (96.4% vs 94.2%,
P=0.01) of p16/Ki67 dual staining were all better than those
of cytology. Moreover, the number of p16/Ki67-positive cells
was correlated with a significant increase in specificity.’ In
addition, the ATHENA study showed that, compared with
cytology, pl6/Ki67 dual staining had a higher sensitivity
(70.3% vs 51.8%) and a similar specificity (75.6% vs 76.1%)
for the triage of HR-HPV-positive patients.’' Ovestad et al
also reported that p16/Ki-67 dual staining was more sensi-
tive (88.0% vs 79.0%, P=0.008) but less specific (31.0% vs
35.0%) than cytology for predicting CIN 2+.3? Data from a
Chinese study showed that p16/Ki67 dual staining did not
exhibit better sensitivity (92.7% vs 94.5%) or specificity
(52.7% vs 53.5%) than cytology (Table 4).!

Exploration of other cytological
markers
BD ProEx™ C

Topoisomerase II-a (TOP2A) is an enzyme that controls
and alters the replication, transcription, and chromosome
segregation of DNA during transcription. Mini-chromosome
maintenance protein-2 (MCM2) is a member of the highly

Table 3 Triage performance of the p16/Ki-67 dual staining in patients with ASCUS/LSIL for detecting CIN 2+

Population | Sensitivity (%) Specificity (%) PPV (%) NPV (%)
pl6/Ki-67 | HR- pl6/Ki-67 | HR- pl6/Ki-67 | HR- pl6/Ki-67 | HR-
HPV HPV HPV HPV
Schmidt etal” | ASCUS 92.2 90.9 80.6 36.3 - - - -
LSIL 94.2 96.4 68.0 19.1 - - - -
Bergeron etal® | ASCUS 94.4 100 78.7 60.4 - - - -
LSIL 85.7 98.4 533 156 - - - -
Yu et al? ASCUS/LSIL | 87.5 91.7 66.4 55.8 375 324 95.8 96.7

Abbreviations: ASCUS, atypical squamous cells of undetermined significance CIN 2+, cervical intraepithelial neoplasia 2 and above; HR-HPV, high-risk human papillomavirus;

LSIL, low-grade squamous intraepithelial lesion; NPV, negative predictive value.

Table 4 Triage performance of the p16/Ki-67 dual staining in patients with HPV+ for detecting CIN 2+

Population Sensitivity (%) Specificity (%) PPV (%) NPV (%)
plé/ Cytology plé/ Cytology plé/ Cytology plé/ Cytology
Ki-67 Ki-67 Ki-67 Ki-67
Uijterwaal et al? 83.4 76.6 58.9 49.6 21.0 16.6 964 94.2
Wright et al?® HPV+ 70.3 51.8 75.6 76.1 26.2 21.1 95.4 92.7
Ovestad et al*2 88.0 79.0 31.0 35.0 48.0 31.0 78.0 70.0
Yu et al?! 92.7 94.5 52.7 53.5 63.5 64.4 89.0 91.6

Abbreviations: CIN 2+, cervical intraepithelial neoplasia 2 and above; HPV, human papillomavirus; NPV, negative predictive value; PPV, positive predictive value.
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conserved mini-chromosome maintenance (MCM) protein
family, which is involved in the initiation of eukaryotic
genome replication in high-grade cervical dysplasia and
carcinoma.**** Moreover, TOP2A and MCM2 have been
identified as overexpressed genes in cervical carcinoma.’>
The ProEx™ C (TriPath Imaging, Inc., Burlington, NC, USA)
test is an immunocytochemical assay that detects TOP2A
and MCM2 in liquid-based cervical cytology specimens as a
potential diagnostic adjunct for the identification of HSIL.?’
Shroyer et al validated the ProEx C test in 330 cervical cytol-
ogy samples and suggested that the ProEx C could be an
adjunct used to improve the diagnostic accuracy of cervical
cytology and may be useful in the identification of underlying
CIN 2+ lesions by biopsy in patients with LSIL diagnosed
by cytology.*® In the same year, another study reported that
the sensitivity of ProEx C for biopsy-proven HSIL was sig-
nificantly greater than that of cytology (85.3% vs 50%) in
cases with abnormal cytology.* Two years later, through an
evaluation of 624 cytology samples, Tambouret et al showed
that the sensitivity and specificity of ProEx C were 81% and
82%, respectively, for detecting CIN 2+. Additionally, when
combined with any level of cytologic atypia, the sensitivity
and specificity were increased to 92% and 84%, respectively.*
Moreover, Alaghehbandan et al reported that the sensitivity
of ProEx C for detecting CIN 2+ was 71.6% and 67.6% in
patients with ASCUS and LSIL, respectively, as detected by
cytologic analysis; they also determined that the specificity

was 74.6% and 60%, respectively.*! However, another study
reported that the combination of p16Ink4a staining and ProEx
C did not significantly improve the accuracy of cytology for
detecting HSIL by biopsy. In contrast, Walts et al considered
that when p16 staining and ProEx C yield discordant results,
performing pl6 staining and ProEx C followed by Ki-67
staining might provide considerable diagnostic accuracy and
a better cost performance ratio.” Recently, Zheng performed
HPV and MCM2 detection on 183 liquid-based Pap smear
samples. The result showed that the expression level of MCM2
was positively correlated with the high-risk types of HPV and
suggested that MCM2 may serve as a useful marker in cervical
lesion screening. The authors also suggested that, due to its
superior performance over HPV genotyping, MCM2 detec-
tion may improve the diagnosis of ASCUS significance.®
Moreover, the combined detection of TOP2A and Ki-67 may
be used in immunocytochemistry assays for cervical cancer
screening because the combined immunocytochemistry
results were positive in 96.4% of samples that were HPV-
DNA+ and that had cytological abnormalities (Table 5).* The
positive staining model is showed in Figure 1F.

HPV L1 capsid protein

L1 is a main capsid protein of the HPV virus. During HPV
replication, if the virus is not integrated into the host genome,
host cells can differentiate normally. The positive expression
of L1 allows it to form an immune complex simultaneously

Table 5 Diagnostic performance of other staining marker for detecting CIN 2+

Population Cytologic marker Sensitivity (%) Specificity (%)
Kelly et al* Abnormal cytology ProEx™ C 85.3 71.7
Cytology test 50.0 91.3
Tambouret et al® Screening ProEx C 81.0 82.0
ProEx C Cytology test 92.0 84.0
Alaghehbandan et al*! ASCUS ProEx C 71.6 74.6
LSIL ProEx C 67.6 60.0
Byun et al* ASC-H/LSIL-H LI 95.2 343
LI+p16/Ki67+HR-HPV 100 53.1
Benczik et al*® Colposcopy plé 52.0 85.1
Claudin | 533 77.0
Pl6é/claudin| 69.3 73.6
Cytology test - -
Wei et al*® > LSIL P16/IMP3 81.4-71.9 96.5-88.9
Cytology test 59.5-63.9 90.1-73.6
Nee P16/IMP3 92.0 83.6
Cytology test 88.0 95.9
Li et al*® > ASCUS Feulgen-thionin 320 90.0
Feulgen-thionin/Ki67 45.0 90.0
Al-Awadhi et al®? HPV+ RKIP 84.6 34.6

Abbreviations: CIN 2+, cervical intraepithelial neoplasia 2 and above; HPV, human papillomavirus; HR-HPV, high-risk HPV; IMP3, insulin-like growth factor-1l mRNA-binding

protein 3; LSIL, low-grade squamous intraepithelial lesion; RKIP, Raf kinase inhibitor protein; SCC, squamous cell carcinoma.
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with T cells and major histocompatibility class I/Il, thereby
activating the immune system to produce high, local concen-
trations of antibodies, which ultimately leads to elimination
of the virus. On the contrary, loss of L1 often indicates viral
integration into the host DNA, cell cycle dysregulation, and
disease progression. As such, the expression of L1 capsid
protein may reflect the viral infection state, which is related
to the severity of cervical lesions.*® In the study by Byun et al,
L1 capsid protein was evaluated for triage of ASC-H/LSIL-
H patients, and their data revealed that although L1 capsid
protein was highly sensitive (95.2%), its specificity was poor
(34.3%). However, by combining the p16/Ki67 staining with
the HR-HPYV test, the sensitivity reached 100% for detecting
CIN 2+ lesions, and the specificity was doubled (Table 5).4
The positive staining model is shown in Figure 1G.

Claudin |

Claudin protein is the major blocking protein for tight junc-
tions of epithelial cells and is involved in cell signal transduc-
tion. The overexpression of claudins is associated with the
progression of cervical neoplasms.*’ Benczik et al compared
the performance of claudin 1, p16, and the combination of
claudin 1 and p16 immunocytochemistry in 502 women who
were referred to colposcopy according to HPV and cytology
test and reported that the sensitivity of claudin 1, p16, and the
combination of claudin 1 and p16 immunocytochemistry was
53.3%, 52% and 69.3%, respectively; however, the specific-
ity was 77%, 85.1%, and 73.6%, respectively. The results
indicated that sensitivity of claudinl was slightly higher
than the p16, whereas specificity of claudinl was found to be
lower.** A European study that examined 792 cervical cytol-
ogy samples indicated that combined p16/Ki67 and claudinl
staining reduced unnecessary invasive examinations and was
more cost-effective for clinical use.* The positive staining
model is shown in Figure 1H.

BCL2 associated X/BCL2 antagonist/killer
(Bax/Bak)

As an apoptosis-promoting gene, Bax is a member of BCL-2
gene family. Its protein product may interact with HPV E6/
E7 to stimulate carcinogenic potential.®® In 2015, an Indian
group performed the HPV test, cytology test, and Bax/Bak
staining in 120 specimens of cervical liquid-based cytology
samples and found that Bax/Bak staining was only weakly
correlated with cytological results, although these negative
results may be attributable to the small sample size. Moreover,
in all cases, the results showed that there is no statistically
significant difference in the Bax and Bak scores between any

compared groups including the control, low-risk HPV types,
and high-risk HPV types group.’! Therefore, the Bax/Bak
may not be considered as an accurate immunocytochemistry
biomarker for cervical cancer screening according to the
existing data. In addition, the connection between the immu-
nocytochemistry expression of Bax/Bak and the development
of cervical intraepithelial dysplasia should be developed in
a further study to evaluate their potential usefulness as a
biomarker for cervical cancer screening.

Insulin-like growth factor-ll mMRNA-

binding protein 3 (IMP3)

IMP3 is a member of the insulin-like growth factor II (IGF-
II) mRNA-binding protein (IMP) family, which promotes
tumor development by regulating IGF-II and various cell
adhesion factors.* In a Chinese study, IMP3/p16 dual stain-
ing was performed on 98 specimens with cytological results
>LSIL. The data showed that for CIN 1 and CIN 2/3, IMP3/
p16 staining was more sensitive (81.4% and 71.9% vs 59.5%
and 63.9%) and specific than (96.5% and 88.9% vs 90.1%
and 73.6%) cytology. However, for squamous cell carcinoma,
IMP3/p16 staining exhibited a higher sensitivity (92.0%
vs 88.0%) and a lower specificity than cytology (83.6%
vs 95.9%).%> Moreover, studies revealed that the IMP3 is
better known to be expressed in endocervical adenocarci-
noma in situ but not in benign endocervical glands.>* IMP3
immunocytochemistry staining also showed that IMP3 is
consistently positive in glandular neoplasms but not so in
squamous-derived lesions, which might due to that IMP3 has
been described to be positive in more glandular neoplasms
originating from ovarian carcinomas or endometrial carci-
nomas other than the endocervix sites. Hence, the IMP3
immunocytochemistry staining positive of atypical glandular
cells might only favor a neoplastic process rather than the
precision origin of the lesion. Furthermore, in the setting of
differentiating glandular neoplasms from squamous lesions,
the performance of ProEx C appears to be suboptimal for
that positivity percent showed no statistically significant
difference in both lesion subgroups. Therefore, Ricardo et
al used IMP3/ProEx C staining to analyze specimens diag-
nosed as atypical glandular cells of uncertain significance
(AGUS) based on cervical cytology and showed that this
method generated a positive predictive value of 100% for
adenocarcinoma and a negative predictive value of 83% for
lesions not associated with adenocytes.*® Hence, it was sug-
gested that IMP3/ProEx C staining may serve as a potential
diagnostic marker for patients with AGUS. The positive
staining model is shown in Figure 11.
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Feulgen-thionin staining

“Ploidy” is the genetics term for the number of basic sets
of chromosomes in the cell nucleus, which is divided into
“euploid” and “aneuploid” for cells with or not an integer
multiple of the basic set of chromosomes, respectively. There
is abundant evidence that alterations in DNA ploidy, such
as aneuploid, is observed in early events of carcinogenesis.
Feulgen-thionin staining is an intranuclear DNA staining
technique that can be used for the quantitative analysis of
DNA in the nuclei, which can be used to detect DNA ploidy
using computer-assisted image cytometry.

Studies have shown that Feulgen-thionin staining allows
for the effective identification of LSIL/HSIL lesions in cer-
vical cytology samples. The number of aneuploid cells is
statistically higher in the HSIL biopsy specimens compared
with the LSIL specimens (P<0.0005).5” In subsequent stud-
ies, Li et al preformed double staining with Feulgen-thionin
and anti-Ki-67 immunocytochemistry and found that with
the same specificity (90%), the sensitivity of double staining
and thionin staining alone was 45% and 32%, respectively
(P>0.05).5® Nevertheless, this approach provides a new
strategy for the screening of cervical lesions. The positive
staining model is shown in Figure 1J.

Mindbomb E3 ubiquitin protein ligase |
(MIBI)

MIBI1 is a nuclear protein that is associated with cell prolifera-
tion. More studies have demonstrated that Ki-67/MIB-1 has
prognostic value for overall survival in patients with cervical
cancer.”® Sahebali et al investigated the positive rate of p16
and MIB1 expressions in cytological samples diagnosed as
ASCUS, LSIL, or HSIL. A higher mean number of p16- and
MIB-1-immunoreactive cells was observed in HSIL com-
pared with the other cytological categories, which confirms
that positive staining for p16 and MIB-1 could be used as an
adjunct to increase the sensitivity of cytological screening.®

Raf kinase inhibitor protein (RKIP)

RKIP is a member of the phosphatidylethanolamine-binding
family and has a critical role in multiple signaling pathways,
including the MAP kinase, NF-kappa B, and glycogen
synthase kinase-3 signaling pathways. RKIP showed low
expression in cervical carcinomas and differential expression
between tumor samples from patients with and without lymph
node metastasis.®! Previous studies also demonstrated that
RKIP expression, which was mainly associated with normal
cervical tissue sections, was lower in CIN tissues and low-
est in invasive carcinomas.®! Moreover, RKIP inhibition can

induce apoptotic resistance in cervical cancer cells treated
with cisplatin.®

To evaluate the ability of RKIP for distinguishing HSIL
lesions from cervical samples of HPV infection, Al-Awadhi
et al performed RKIP immunocytochemical staining in
316 ThinPrep cervical HPV-positive samples. However,
the results showed that RKIP expression increased with the
aggravation of cytologic abnormality, which was inconsistent
with the results previous research reported. This might be
due to that the gold standard was cytology diagnosis rather
than colposcopy histology in their study, which may result
in different diagnostic results for the same lesion. In addi-
tion, the sensitivity and specificity of RKIP were 84.6% and
34.6%, respectively, for the detection of cytology HSIL and
above.® The positive staining model is shown in Figure 1K.

Ezrin and E-cadherin

Ezrin is a cytoplasmic peripheral membrane protein that
functions as a protein-tyrosine kinase substrate in micro-
villi. As a member of the Ezrin/Radixin/Moesin family,
Ezrin participates in the regulation of cell surface structure
adhesion, migration, and organization, and its overexpres-
sion has been reported in various human cancers including
cervical cancer and CIN.%® The overexpression of Ezrin
has also been reported to be associated with poor prognosis
and tumor invasiveness, and its expression was higher in
invasive cervical cancer and metastatic cancer.’ E-cadherin
is a calcium-dependent cell—cell adhesion protein, and its
downregulation, which primarily occurs through E6 protein,®’
has been demonstrated to be associated with the invasion
and metastasis of various cancers.®®*% Recently, Zacapala-
Goémez et al performed immunocytochemical staining for
Ezrin and E-cadherin in cervical cytological samples from
125 patients. The results showed that high Ezrin and low
E-cadherin expressions were observed in 70% and 95% of
cervical cancer samples, respectively, in 43% and 87% of
samples with multiple HR-HPV infections, respectively, and
in 47% and 72% of samples with integrated viral genome,
respectively, which demonstrated that the expressions of
Ezrin and E-cadherin as detected by immunocytochemistry
in cervical cytology samples could be a potential marker for
detecting high-risk CIN.™

Conclusion

Cervical cancer is still a major problem for healthy women
worldwide despite significant efforts. Although the devel-
opment of cervical cancer screening has led to a drastic
reduction in the incidence of cervical cancer, there are still
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many challenges. In the past several decades, screening has
focused on cytologic analysis rather than on the detection
of HPV infection. With our growing understanding of HPV
infection and the advent of HPV testing, the sensitivity for
detecting CIN 2+ lesions has improved significantly. How-
ever, overdiagnosis and treatment of HPV infection has
followed because the lifetime risk of having HPV is high
(90%), and most HPV infections (80%) will clear within 2
years. Studies have shown that, with co-testing, 60%—80% of
patients, except for those who were diagnosed with HSIL by
cytology, who underwent colposcopy did not benefit, which
reminded us that it should be possible to not only increase
sensitivity in order to detect cancers and precancers but also
specificity to reduce misdiagnoses and unnecessary invasive
examinations in cervical cancer screening. Therefore, there
is a need to triage patients with abnormal screening results
in order to reduce the number of false positives.

With our understanding of the molecular changes that
result from HPV, immunocytochemical staining of cervi-
cal cytology samples has exhibited tremendous potential in
early cervical cancer screening. On the basis of the existing
guidelines for cervical cancer screening, the integration
of more sensitive and specific biomarkers can improve the
accuracy of cervical cancer screening and reduce unneces-
sary invasive examinations. This review demonstrated that
although many markers were evaluated in cytology samples
in various studies, fewer indicators have been used for further
clinical application except for ProEx C and p16/Ki-67 dual
staining, which might be due to the unsatisfactory sensitiv-
ity and specificity. Literature reviews have shown that the
sensitivities of ProEx C and p16/Ki-67 dual staining for
detecting CIN 2+ ranged from 67.6% to 81% and 68.8% to
94.4%, respectively, and that the specificity ranged from 60%
to 82% and 30.6% to 95.2%, respectively. As of now, studies
on immunocytochemical staining have primarily focused on
pl6/Ki67 for triage strategies in populations with cytology-
proven ASCUS/LSIL and HR-HPV positivity. However, the
sensitivity and specificity differed in various studies, which
might be due to differences in the population background
(age, race, and categories) and the methods of cytology and
HPV testing. The present review showed that p16/Ki-67 dual
staining is a more attractive biomarker for screening of cervi-
cal lesions and cancer, especially for triage in cervical cancer
screening. Because that p16/Ki-67 cytology dual staining
has a higher sensitivity and specificity for detecting cervi-
cal precancer than any other immunocytochemical staining
markers according to the literatures, which could effectively
reduce the colposcopy referral. Moreover, a health economic

analysis also should be performed in order to assess the cost-
effectiveness and economic impact of this triage strategy.
Nevertheless, we also anticipate that in the near future, more
advantageous molecular markers and staining methods will
be discovered, which will lead to cervical cancer screening
benefits in a broader population.
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