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Abstract: Currently, there are discrepancies in the interpretation between cervical liquid-based cytology (LBC) and
histologic diagnoses. The aim of our study was to evaluate the utility of p16'™*4@ (p16) and IMP3 staining of LBC
specimens to increase the concordance rate. A total of 98 cell blocks with biopsy results, including 37 low-grade
squamous intraepithelial lesions (LSIL), 36 high-grade squamous intraepithelial lesions (HSIL), and 25 squamous
cell carcinomas (SCC), were selected for the immunocytochemical analysis of p16 and IMP3. The LBC diagnoses
corresponded with histological diagnoses for 59.5% (22/37), 63.9% (23/36), and 88.0% (22/25) of LSIL, HSIL,
and SCC lesions, respectively. We found a high frequency of p16 positivity in HSIL (72.2%) and SCC (100%), but not
LSIL (29.7%). IMP3 was frequently expressed in SCC (84.0%), but rarely in LSIL (8.1%) and HSIL (25.0%). Cervical
intraepithelial neoplasia 1 (CIN1) was negative for both p16 and IMP3, CIN2/3 tended to be positive for p16 and
negative for IMP3, and SCC was positive for both p16 and IMP3. The combination of p16 and IMP3 immunostaining
had a higher sensitivity and specificity for detecting CIN1 and CIN2/3 than cytology. For detecting SCC, p16/IMP3
had a higher sensitivity than cytology, but a lower specificity. IMP3 is a useful diagnostic immunomarker that can
be used to identify SCC and the combination of p16/IMP3 expression was found to improve the discrepant results
between cytologic and histologic diagnoses.
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pl6'N*4a (p16), a tumor suppressor protein that
regulates cell proliferation by inhibiting cell
cycle G1 progression, has been demonstrated
to be strongly overexpressed in almost all high-
grade precursor lesions and invasive cancers of
the cervix uteri. In cervical cytology, p16 also
has been used as a surrogate marker for the
presence of HSIL or more advanced lesions
[5-12]. Because HSIL and SCC consistently
express pl6, immunostaining for this marker
has no practical utility in distinguishing SCC
from HSIL.

Introduction

Cervical cytologic diagnoses for unequivocal
squamous epithelial abnormalities include low-
grade squamous intraepithelial lesions (LSIL),
high-grade squamous intraepithelial lesions
(HSIL), and squamous cell carcinoma (SCC) [1,
2]. This classification scheme provides stan-
dardized terminology and guidance for clinical
management [2]. Despite the clear guidelines
for interpretation of Pap tests, many specimens
contain cells that cannot be easily placed into
the accepted schema [1-3]. The diagnostic
dilemma of overestimating LSIL or underesti-
mating HSIL is made more difficult by the fact
that the Pap test specimen is one of the most
litigated of all pathologic specimens [2]. To
reduce the discordance rate between cytology

IMP3 is a member of the insulin-like growth fac-
tor (IGF) mRNA binding protein (IMP) family that
consists of IMP1, IMP2, and IMP3. It is also
known in the literature as KOC, IGF2BP3, and

diagnosis and follow-up biopsies, a variety of
objective and reliable diagnostic tools, includ-
ing immunocytochemistry, have been investi-
gated [4-13].

L523S [14]. Expression of IMP3 in adults is nor-
mally limited to the placenta, lymph node germi-
nal centers, and endocervical mucosa. It has
also been identified in a number of malignant
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tumors, including non-small cell carcinoma of
the lung, high-grade neuroendocrine carcino-
mas of the lung, extrapulmonary small cell car-
cinomas, mesothelioma, renal cell carcinoma,
endometrioid adenocarcinoma, colon cancer,
leiomyosarcoma, and melanoma [14-30].
Recent studies have demonstrated that the
upregulation of IMP3 is associated with tumor
metastasis, a more aggressive clinical course,
and a poorer prognosis [28-30].

Immunohistochemical analysis of IMP3 expres-
sion in a number of organ systems can be used
to differentiate benign lesions and low-grade
dysplasia from high-grade dysplasia and inva-
sive carcinomas [14-25]. A recent study has
found that IMP3 expression is negative in nor-
mal tissue and cervical intraepithelial neopla-
sia | (CINI, 0%), CINII (1%), CINIII (8%) and SCC
(96%) and that IMP3 expression differentiated
a group of patients with SCC on cervical biopsy
[28]. Therefore, IMP3 has the potential to aid in
evaluation of liquid-based cytology (LBC) for
SCC.

To the best of our knowledge, there are no prior
studies examining IMP3 expression on cervical
cytology specimens. The goals of this study
were to investigate the diagnostic value of
IMP3 expression in cell blocks from residual
LBC and to determine whether p16 and IMP3
can serve as a molecular biomarkers to reduce
the discordance rate between LBC and follow-

up biopsies.
Materials and methods
Case selection

This retrospective study was conducted using
data from the archives of the Third Affiliated
Hospital during the years of 2008-2010.
Problematic cases, including LSIL, HSIL, and
SCC, were selected to prepare cell blocks from
residual Liqui-PREPsamples (LGM International,
Fort Lauderdale, FL, USA). A total of 173 cases
were reviewed. Of the 173 cases, 75 cases
were excluded due to low cellularity or absence
of biopsy confirmation. This left 98 biopsy-
confirmed cases for review and analysis. For
the purposes of the current study, all LBC slides
corresponding to the cell blocks were reviewed
and cytological diagnoses (according to the
2001 Bethesda System) were confirmed or
reassigned based on a consensus reached by
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Table 1. Correlation between cytological diag-
nosis and histological diagnosis

Histological diagnosis Cytological diagnosis Total
LSIL HSIL SCC

Normal 9 3 0 12
CIN1 22 7 0 29
CIN2/3 6 23 3 32
SCC 0 3 22 25
Total 37 36 25 98

Abbreviations: LSIL, low-grade squamous intraepithelial
lesion; HSIL, high-grade squamous intraepithelial lesion;
SCC, squamous cell carcinoma; CIN, cervical intraepithe-
lial neoplasia.

two pathologists (Z. Tong and W. Qing Zhu). The
cytological diagnoses consisted of 37 LSIL, 36
HSIL, and 25 SCC. The histopathologic diagno-
ses were classified according to the WHO crite-
ria as a normal cervix, CIN1, CIN2/CIN3, or
SCC; and were used as the gold standard for
the study. The histologic diagnosis of CIN1 was
considered equivalent to the cytologic diagno-
sis of LSIL, the CIN2/3 diagnosis was consid-
ered equivalent to HSIL, and the SCC diagnosis
was considered equivalent to SCC. A discordant
case was defined as “a cytology-histology pair
with differential diagnosis [31].”

Liqui-PREP processing

All cervical samples were collected using a
cytobrush, for which the head of the brush was
immediately removed after collection and put
in a collection vial. Liqui-PREP cleaning solution
was poured into a 15.0 mL polystyrene conical
centrifuge tube (Fisher HealthCare, USA) and,
after vortexing, 3.0 mL from the collection vial
was added to the centrifuge tube with the
cleaning solution. The tube was then centri-
fuged for 10 min at 1,000 x g in a SLW centri-
fuge (Shanghai LW Scientific Co., Ltd, China),
and the supernatant was discarded. Liqui-PREP
Cellular Base (500 uL) was added to the cellu-
lar pellet, which was resuspended by vortexing
for 10 s. The suspension (50 uL) was pipetted
onto a slide to form a 2.0-cm diameter circle.
The slide was stained with the Papanicolaou
stain.

Cell block preparation

Paraffin-embedded cell blocks were prepared
as previously published [13]. Briefly, the Liquid-
PREP tube was used to centrifuge the residual
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Table 2. Summary of immunostaining results

number of abnormal cells and the

density of the immunostaining

- i 16+ IMP3+

H_|stolog_|cal p Total Total [28].

diagnosis LSIL HSIL ScC LSIL HSIL ScC

Normal (n=12) 0O 0 0 0 0 0 0 0 Statistical analysis

CIN1 (n = 29) 5 2 o 7 2 1 0 3

CIN2/3(n=32) 6 21 3 30 1 6 0 7 Trl‘g Ser:js'tl',\‘;l'% and Speol'f'cl'ty gf

SCC (n = 25) o 3 22 25 0o 2 21 23 PleandIMP3 were calculated.
The designations of “true” and

Total 1 26 25 62 3 9 21 33

preservative fluid for 10 min at 1,000 x g and
the supernatant was decanted. The remaining
cell pellet was carefully wrapped in lens paper,
transferred to a tissue cassette, and embed-
ded in paraffin.

Immunohistochemistry

Immunohistochemical stains were performed
on 4-um thick sections from paraffin-embed-
ded cell block sections. Briefly, the cell blocks
were sectioned, mounted on poly-L-lysine-coat-
ed slides, deparaffinized in xylene, rehydrated
in graded alcohols, and subjected to heat-
induced antigen retrieval (at 95°C for 15 min in
citrate buffer, pH 6.0). Endogenous peroxidase
activity was then inhibited with a 3% hydrogen
peroxide solution.

Sections were immunostained using the follow-
ing primary antibodies: a monoclonal mouse
anti-human antibody against IMP3 (clone 69.1,
Dako North America, Carpentaria, CA, USA;
dilution 1:100) and p16 (Dako) The EnVision+
System (DAKO) and 3,3’-diamino-benzidine
(DAB) were used for detection of antibody-con-
jugated peroxidase activity. Pancreatic carci-
noma cases were used as positive controls for
IMP3 expression. Cases of CIN3 were used as
positive controls for p16. Negative control sec-
tions were prepared by substituting non-
immune IgG for the primary antibody.

Interpretation of p16 and IMP3

A positive cellular reaction for p16 was deter-
mined by nuclear signal with or without cyto-
plasm staining. For the purposes of this study,
pl6-positive endometrial cells, metaplastic
cells, or tubal metaplasia were excluded during
the analysis [10]. A positive stain for IMP3 was
defined as cytoplasmic immunostaining.
Specimens containing positive abnormal cells
were classified as positive, regardless of the
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“false” were based on the study
hypothesis that p16 is expressed
in CIN2/3 and SCC, but not in CIN1; and that
IMP3 is expressed in all SCC, but not in CIN1
and CIN2/3.

Results

A summary of the cytologic and histologic diag-
noses is presented in Table 1. The 98 total
cases were diagnosed histopathologically as
follows: 12 normal cervix, 29 CIN1, 32 CIN2/
CIN3, and 25 SCC. Review of histologic diagno-
ses revealed that a single cytologic diagnostic
category often contained a number of different
cervical lesions. In samples that were diag-
nosed as LSIL, HSIL and SCC, the concordance
rate between the cytologic and histologic diag-
nosis were 59.5% (22/37), 63.9% (23/36), and
88.0% (22/25), respectively. The overall con-
cordance rate was 68.4% (67/98). Also, the
concordance rate between cytologic and histo-
logic diagnoses was higher for SCC than for
HSIL and LSIL.

The pl6 protein was immunocytochemically
detectable in 63.3% (62/98) of samples,
whereas IMP3 was detectable in only 33.7%
(33/98) of samples. Of note, only pl6-positive
cases showed IMP3 immunoreactivity and
46.8% (29/62) of p16-positive cases were neg-
ative for IMP3 expression. In total, p16 was
detected in 29.7% (11/37) of LSIL, 72.2%
(26/36) of HSIL, and 100% (25/25) of SCC.

IMP3 immunoreactivity was observed in 8.1%
(3/37) of LSIL, 25.0% (9/36) of HSIL, and
84.0% (21/25) of SCC. IMP3 is frequently
expressed in SCC, with only limited expression
in LSIL and HSIL. Three of the twenty-five SCC
(12.0%) lesions diagnosed on biopsy displayed
HSIL on LBC evaluation. Of the three cases
diagnosed as HSIL by cytology, two cases were
positive for IMP3 expression. Conversely, only 1
of the 22 (4.5%) SCC cases identified by LBC
were negative for IMP3 expression (Table 2).
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Figure 1. Low-grade squamous intraepithelial lesion (LSIL) viewed with (A) liquid-based cytology or (B) section from
a cell block. LSIL showed negative staining for (C) p16 and (D) IMP3.

. - - v # ¥
L] - ) S

a e

»

¢ Ol

Figure 2. High-grade squamous intraepithelial lesion (HSIL) viewed with (A) liquid-based cytology or (B) section
from a cell block. HSIL showed (C) positive staining for p16 and (D) negative staining for IMP3.
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Figure 3. Squamous cell carcinoma (SCC) viewed with (A) liquid-based cytology or (B) section from a cell block. SCC
showed positive staining for (C) p16 and (D) IMP3.

Table 3. Sensitivity and specificity of cytologic
diagnosis

Cytological Sensitivity (%) Specificity (%)
diagnosis

LSIL 59.5 90.1
HSIL 63.9 73.6
SCC 88.0 95.9

Abbreviations: LSIL, low-grade squamous intraepithelial
lesion; HSIL, high-grade squamous intraepithelial lesion;
SCC, squamous cell carcinoma; CIN, cervical intraepithe-
lial neoplasia.

Table 4. Sensitivity and specificity of histologi-
cal diagnoses from p16 and IMP3

Histological ~Staining pat- Sensitiv- Specificity

diagnosis tern ity (%) (%)

CIN1 p16-/IMP3- 81.4 96.5
CIN2/3 p16+/IMP3- 71.9 88.9
SCC pl6+/IMP3+ 92.0 83.6

Abbreviations: p16, p16'*4; - negative; +, positive; CIN,
cervical intraepithelial neoplasia.

The staining pattern using a combination of
pl16 and IMP3 immunoreactivity was divided
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into the following three categories: p16-/IMP3-,
p16+/IMP3-, or p16+/IMP3+. In general, p16-/
IMP3- was associated with CIN1 (Figure 1),
p16+/IMP3- was associated with CIN2/CIN3
(Figure 2), and p16+/IMP3+ was associated
with SCC (Figure 3). The histologic diagnoses
were used as the gold standard for calculating
the sensitivity and specificity of cytology and
the staining patterns CIN1, CIN2/3 and SCC
(Tables 3 and 4). The combination of p16 and
IMP3 immunostaining had a higher sensitivity
and specificity than cytology for detecting CIN1
(81.4% and 96.5% vs. 59.1% and 90.1%) and
CIN2/3 (71.9% and 88.9% vs. 63.9% and
73.6%) and a higher sensitivity than cytology
for detecting SCC (92.0% vs. 88.0%). Cytology,
however, had a higher specificity for detecting
SCC, compared to pl16/IMP3 staining (95.5%
vs. 83.6%).

Discussion

Cervical cytology and biopsy correlation is used
by laboratories for the evaluation of their cyto-
diagnostic capabilities, as a part of overall labo-
ratory quality improvement [32]. The frequency
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Liquid-based cytology

LSIL
confirmed

IMP3-
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(IMP3 immunostaining)

IMP3+

confirmed
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confirmed

Figure 4. Decision tree for the diagnosis of unequivocal squamous epithelial abnormalities using p16 and IMP3 on

LBC specimens.

of discrepancies between cervical cytology
diagnoses and follow-up biopsies was reported
to occur within the range of 11.5-50% [6, 32].
In the current study, the concordance rate of
LSIL, HSIL, and SCC with histological diagnosis
were 59.5% (22/37), 63.9% (23/36), and
88.0% (22/25), respectively. Therefore, there
were significant discrepancies between the
cytological and histological diagnoses, espe-
cially for LSIL and HSIL. Similarly, Yoshida et al.
[9] found that the concordance rates between
LSIL, HSIL, and invasive carcinoma and histo-
logic diagnoses were 25% (3/12), 32.9%
(24/73), and 73.3% (11/15), respectively while,
in a larger study, Alsharif et al. [1] demonstrated
that the concordance rates between LSIL and
HSIL and histologic diagnoses were 47.6%
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(1,093/2,297) and 69.0% (468/678), respec-
tively. These results are consistent with our
studies. Therefore, there are a certain propor-
tion of discrepant results between cytologic
and histologic diagnoses and a new biomarker
for dysplastic cervical cells is greatly needed to
aid in the improved evaluation of a patient’s
diagnosis.

p16 has already been established as a useful
and reliable marker of high-grade precursor
lesions and invasive cancer of the cervix [5-12].
In the present study, we found a high frequency
of p16 expression in 72.2% (26/36) of HSIL and
100% (25/25) of SCC, while a low frequency of
expression in 29.7% (11/37) of LSIL. Our find-
ings are consistent with most studies [5-12],

Int J Clin Exp Pathol 2013;6(8):1549-1557
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which report that p16 immunostaining is signifi-
cantly associated with HSIL or SCC. Therefore,
there is a usefulness of using p16 immunos-
taining to discriminate HSIL and SCC from LSIL
in LBC, but there is no practical utility for its use
in distinguishing SCC from HSIL. Thus, there
exists a need to identify additional biomarkers
that are capable of identifying SCC in LBC.

IMP3 is an mRNA-binding protein that regulates
the transcription of IGF-IIl. While several studies
found that the IMP3 antibody is a highly specific
marker for malignant lesions in biopsy and effu-
sion samples [14-30], other studies showed
that positive IMP3 staining does not discrimi-
nate invasive carcinoma from high-grade dys-
plasia. Riener et al. [2] found that IMP3 was
strongly expressed in high-grade dysplasia of
the extrahepatic biliary tract and bile duct carci-
nomas, while normal, inflamed, and bile ducts
with low-grade dysplasia were only negative or
weakly positive. Feng et al. [18] showed that
low-grade esophageal columnar dysplasia dis-
played only focal, weak IMP3 expression, in
contrast to high-grade esophageal columnar
dysplasia, which showed a more intense dif-
fuse expression of IMP3. Li et al. demonstrated
that IMP3 may prove to be a useful and impor-
tant biomarker for the diagnosis of adenocarci-
noma in situ in equivocal or borderline cases
[16]. A recent study found that IMP3 expression
is negative in normal and CINI (0%), CINII (1%),
CINIIl (18%), and invasive cancer (96%) and
IMP3 expression could be used to identify a
group of patients with SCC [28]. In agreement,
we found that IMP3 was frequently expressed
in SCC, with only limited expression in LSIL and
HSIL. Therefore, IMP3 can be a useful biomark-
er for the detection of SCC in LBC specimens.
We also found that there were differences in
IMP3 expression between squamous and glan-
dular cell lesions. To our knowledge, this is the
first report examining immunohistochemical
IMP3 expression in LBC specimens.

In the current study, only pl6-positive cases
showed IMP3 immunoreactivity. The staining
patterns of p16 and IMP3 were divided into the
following three categories: p16-/IMP3-, p16+/
IMP3-, or p16+/IMP3+. Our data showed that
CIN1, CIN2/CIN3, and SCC lesions all displayed
distinct staining patterns of p16 and IMP3. SCC
was frequently p16+/IMP3+, CIN2/3 was fre-
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quently p16+/IMP3-, and p16-/IMP3- was more
frequently seen in CIN1.

When we analyzed the sensitivity and specifici-
ty for using p16/IMP3 to distinguish between
the lesions, we found that both measures for
CIN1 and CIN2/3 were significantly improved,
compared with measures obtained using cytol-
ogy. Also, for SCC, we observed a higher sensi-
tivity, but a lower specificity, for p16+/IMP3+
analysis compared to cytology. Based on these
data, we propose the use of a decision tree for
the diagnosis of unequivocal squamous epithe-
lial abnormalities (Figure 4). The combination
of p16 and IMP3 immunostaining appears to
be useful to improve upon the discrepancies
between cytologic and histologic diagnoses.

In summary, the results of this study demon-
strate that IMP3 is a useful diagnostic immuno-
marker to identify SCC on LBC. Our study sug-
gests the use of p16 and IMP3 markers as a
panel to improve the discrepant results
between cytologic and histologic diagnoses for
unequivocal squamous epithelial abnormal-
ities.
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