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Abstract

Background: Metastatic adenocarcinoma (MAC) accounts for most cases of malignant effusions. Sometimes, it can
be difficult to distinguish MAC from reactive mesothelial cells (RMC) in cytologic specimens. Our aim was to assess
the diagnostic performance of a novel immunohistochemical panel composed of claudin-4 and EZH2 in differentiating
MAC from RMC in effusion cytology. Methods: A total of 80 cases of serous effusions (48 MAC and 32 RMC) were
included. Immunohistochemistry using claudin-4 and EZH2 was performed on cell block sections of these cases.
Assessment of staining patterns, intensity and percentage of target cells stained was done. Results: Claudin-4 showed
membranous staining in 46/48 of MAC and 1/32 of RMC. High EZH2 (> 50% of target cells) was detected in 42/48
MAC and 2/32 RMC. For the discrimination between MAC and RMC, claudin-4 exhibited 95.8% sensitivity and 96.9%
specificity, high-EZH2 exhibited 87.5% sensitivity and 93.8% specificity, while the combination of both claudin-4
and high EZH2 showed 100% sensitivity and 90.6% specificity. Conclusion: Claudin-4 shows high sensitivity and
specificity in differentiation between MAC and RMC in effusion cytology, and might be useful as a solitary marker
for MAC. Adding EZH?2 to claudin-4 increases the sensitivity to 100%. However, the interpretation of EZH2 results

can be challenging due to its focal expression in RMC and inflammatory cells.
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Introduction

Effusions of serous membranes may complicate a
variety of pathologic conditions, both neoplastic and
non-neoplastic. Cytologic examination of this fluid
is indispensable for evaluation of etiology, and thus
for guidance of the management plan (Cibas, 2019).
Approximately 20% of effusions are malignant, with the
majority caused by metastatic adenocarcinoma (Shidham
and Layfield, 2021). In case of pleural and pericardial
effusion, the adenocarcinoma most commonly originates
from lung or breast, while in ascitic fluid, the most
common primary sites are gastrointestinal and female
genital tracts (Lew et al., 2021).

Diagnosis of metastatic adenocarcinoma (MAC)
in effusion samples is not always straightforward. In
some cases, morphologic distinction between MAC and
reactive mesothelial cells (RMC) is challenging, as both
may show wide range of morphologic variations, or only
few suspicious cells might be seen (Ikeda et al., 2011). In
such doubtful cases, application of immunohistochemical
markers to cell blocks allows more precise diagnosis of

malignancy (Subbarayan et al., 2019).

Currently, several markers: mesothelial (e.g. calretinin,
CK5/6, mesothelin, WT-1, D2-40) and epithelial (e.g.
CEA, Ber-Ep4, B72.3, and MOC-31) are used. Owing
to the unsatisfactory sensitivity and specificity of any
one marker, the diagnostic workup often requires
immunohistochemical panels, that usually involve
multiple markers (Cibas, 2019). These panels, however,
are not cost-effective, so they are not suitable for routine
use especially in resource-limited and work-loaded
centers. The search continues for new markers with
optimal accuracy and reasonable cost (Li et al., 2021).

Claudin-4 and Enhancer of zeste homologue 2 (EZH2)
are promising carcinoma markers recently proposed in
literature. Both recognize carcinoma cells in different
ways; claudin-4 recognizes their epithelial origin, while
EZH?2 identifies their malignant phenotype mediated by
aberrant protein expression (Vojtek et al., 2019; Ang et
al., 2020).

Claudin-4, a member of the claudin family, is a tight
junction protein normally expressed in the epithelium
of several organs e.g. lung, colon and endometrium, but

!Department of Pathology, Faculty of Medicine, Assiut University, Asyut, Egypt. Department of Chest Diseases, Faculty of
Medicine, Assiut University, Asyut, Egypt. *Department of Clinical Oncology, Faculty of Medicine, Assiut University, Asyut, Egypt.

*For Correspondence: aliaa.elhosainy88@yahoo.com

Asian Pacific Journal of Cancer Prevention, Vol 23 2779



Aliaa Elhosainy et al

rarely encountered in mesothelial cells (Liu and Li, 2020).
Recent studies suggest that it might be used to differentiate
MAC from RMC in cytology specimens (Oda et al., 2016;
Vojtek et al., 2019).

EZH?2 is a core subunit of the polycomb repressive
complex 2 (PRC2), a histone methyltransferase enzyme
that mediates epigenetic silencing of target genes
through induction of chromatin compaction (Kang
and Chun, 2020). Hyperactivation of EZH2 promotes
carcinogenesis by altering the expression of many genes
essential for cell cycle regulation, lineage specification,
and DNA repair (Duan et al., 2020). Over-expression of
EZH2 has been demonstrated in many tumors including
mesothelioma, melanoma, and carcinomas of lung,
breast, ovary, colon, and liver (Chang and Hung, 2012).
Recently, few studies examined the expression of EZH2
by immunohistochemistry on cytology material, and
found it to be highly sensitive and specific in detection
of malignant cells (Sadullahoglu et al., 2017; Ang et al.,
2020).

The aim of this study was to examine the
immunohistochemical expression of claudin-4 and EZH2
in cell block sections, in order to assess their diagnostic
role in differentiating between MAC and RMC in effusion
samples.

Materials and Methods

Case selection

This is a retrospective study that included 80 cases
of serous effusions (45 pleural, 32 peritoneal and 3
pericardial) diagnosed between November 2019 and
October 2021 at the Pathology Department of Assiut
University Hospital. The study was approved by The
Institutional Review Board (IRB) of Faculty of Medicine,
Assiut University (Approval Number: 17200276). The
sample size was calculated using Open EPI with 95%
two-sided confidence level and 90% power according to
results of Ang et al., (2020).

Among the included cases, there were 48 metastatic
adenocarcinomas (MAC) and 32 benign effusions
with reactive mesothelial cells (RMC). For all cases,
diagnosis was established by clinical and radiological
correlation, histologic specimens of primary tumors
(available for 30 cases of MAC), and/or confirmatory
immunohistochemical studies. All cases had available
cell block material with adequate cells of interest (at least
50) on cell block slide. Cell blocks were prepared using
the alcohol-formalin method described by Nathan et al.,
(2000). Cases with inconsistent clinicopathologic data
or inadequate cellularity were excluded from the study.

Immunohistochemistry

For immunohistochemistry, 4 pm-thick sections
of paraffin-embedded cell blocks were mounted on
positively charged slides. The slides were deparaffinized,
and endogenous peroxidase activity was blocked by
treating with hydrogen peroxide for 5 minutes. For
antigen retrieval, slides were microwaved for 15 min
in 10mM sodium citrate buffer (pH 6.0). Sections were
incubated with Claudin-4 mouse monoclonal antibody
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(clone 3E2C1, Invitrogen) diluted at 1:150 overnight
at 4°C, and with EZH2 mouse monoclonal antibody
(Clone 144CT2.1.1.5, Invitrogen) diluted at 1:50, for 30
minutes at room temperature. Detection was performed
by EconoTek Biotinylated Anti-polyvalent antibody for
30 minutes, and EconoTek Horseradish peroxidase for 30
minutes (ScyTek Laboratories, USA). The reaction was
developed using DAB chromogen, then sections were
counterstained with hematoxylin. The negative controls
were processed similarly with omission of the primary
antibody. Sections of normal colon and tonsil were used
as positive control for claudin-4 and EZH?2 respectively.

Blinded to any diagnostic information, the
immunostained slides were separately examined by
two authors and scored for intensity of staining (absent,
weak, moderate or strong) and percentage of target cells
stained (score 0 for <5%, 1 for 5-49%, 2 for 50-89% and
3 for >90%). A positive result was defined as moderate to
strong membranous staining for claudin-4, and moderate
to strong nuclear staining for EZH2, encountered in > 5%
of the target cells (Jiang et al., 2014; Patel et al., 2020).

Furthermore, EZH?2 positive specimens were divided
into two groups, EZH2-low (score 1) and EZH2-high
(score 2-3) following previous reports of Shinozaki-
Ushiku et al., (2017) and Yoshimura et al., (2019) on
biopsy material.

Statistical analysis

Statistical analysis was performed using the IBM SPSS
Statistics version 21. Analyses of the differences between
categorical variables were performed using Chi-square
test. The sensitivity, specificity, positive predictive
value, and negative predictive value were calculated for
each marker. P-value <0.05 was considered statistically
significant.

Results

The study included 80 cases of serous effusions,
including 36 males (45%) and 44 females (55%). The
mean age was 55 years (range 26-85) for patients with
benign effusion, and 60 years (range 23-91) for patients
with MAC. The primary tumor sites of the MAC cases
included lung (18), breast (6), ovary (6), endometrium
(4), colon (4), stomach (2), esophagus (1), bladder (1),
pancreas (1), biliary tract (1), cervix (1), and unknown
origin (3). The results of immunohistochemistry are
summarized in Tables 1 and 2.

Claudin-4 positive cells showed linear membranous
staining with or without cytoplasmic staining. Among the
MAC cases, 46/48 (95.8%) were positive for claudin-4,
with most of them (42/48 [87.5%]) showed positive
staining in > 50% of malignant cells (score 2 or 3)
(Figures 1-3). The positive cells occurred as small clusters
or separate cells. The two negative cases included one
metastatic from lung adenocarcinoma (Figure 4) and one
from endometrial carcinoma.

Among the 32 benign effusions with RMC, only one
case showed positive staining for claudin-4. This case
was a pleural fluid sample from a 67 years old male
with para-pneumonic effusion. It showed moderate



Table 1. Immunohistochemical Results in the Study Groups
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Metastatic adenocarcinoma, n (%)  Reactive mesothelial cells, n (%) P value*

Claudin-4 Positive 46 (95.8%) 1 (3.1%) <0.001
Negative 2 (4.2%) 31 (96.9%)

EZH2 Positive 45 (93.8%) 10 (31.3%) <0.001
Negative 3 (6.3%) 22 (68.8%)

EZH2 High 42 (87.5%) 2 (6.3%) <0.001
No/low 6 (12.5%) 30 (93.8%)

Total 48 (100%) 32 (100%)

* calculated by Chi Square test.

Figure 1. (A) Metastatic lung adenocarcinoma (H&E) showing (B) strong membranous positivity for claudin-4, and
(C) strong nuclear positivity for EZH2 (cell-block material from pleural effusion, x400).

membranous staining in about 30% of mesothelial cells.
The remaining cases did not show membranous staining
for claudin-4, however, few scattered cells showed
cytoplasmic positivity (Figure 5).

For the discrimination between MAC and RMC,
claudin-4 showed 95.8% sensitivity, 96.9% specificity,
97.9% positive predictive value and 93.9% negative
predictive value (Table 3).

Positivity for EZH2 was detected as moderate to
strong nuclear staining in mesothelial or malignant cells.

The background inflammatory cells also showed focal
positivity.

At a 5% cut-off value, EZH2 was positive in 45/48
(93.8%) cases of MAC (Figures 1, 2 and 4) and 10/32
(31.3%) cases of benign cytology. The three cases of
MAC that were negative for EZH2 included metastatic
breast (Figure 3), ovarian and colorectal carcinomas. As
a diagnostic marker for MAC, EZH2 exhibited 93.8%
sensitivity, 68.8% specificity, 81.8% positive predictive
value and 88% negative predictive value (Table 3).

Table 2. Detailed Results of Claudin-4 & EZH2 Immunohistochemistry in Reactive and Malignant Serous Effusions

Diagnosis Number Claudin 4 percentage score EZH2 percentage score
0 1 2 3 0 1 2 3
Reactive mesothelial cells 32 (100) 31(96.9) 1 (3.1) 0 (0) 0(0) 22 (68.8) 8(25.00 2(6.3) 0 (0)
Metastatic adenocarcinoma 48 (100) 2(4.2) 4(8.3) 29(60.4) 13(27.1) 3(63) 3(6.3) 32(66.7) 10(20.8)
Origin  Lung 18 1 1 11 5 0 0 12 6
Breast 6 0 0 3 3 1 0 5 0
Ovary 6 0 1 3 2 1 0 4 1
Endometrium 4 1 1 2 0 0 0 3 1
Esophagus 1 0 0 1 0 0 1 0 0
Colon 4 0 0 3 1 1 0 2 1
Stomach 2 0 0 2 0 0 0 2 0
Bladder 1 0 0 0 1 0 0 1 0
Pancreas 1 0 0 0 1 0 0 1 0
Biliary tract 1 0 0 1 0 0 0 1 0
Cervix 1 0 0 1 0 0 1 0 0
Unknown origin 3 0 1 2 0 0 1 1 1

Figures in parentheses are percentages
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Figure 2. (A) Metastatic ovarian serous adenocarcinoma (H&E) showing (B) strong membranous positivity for
claudin-4, and (C) moderate nuclear positivity for EZH2 (cell-block material from peritoneal effusion, x400).

Table 3. Sensitivity, Specificity, Positive and Negative Predictive Values and Diagnostic Accuracy of Claudin-4 and

EZH2
Sensitivity, % Specificity, % PPV, % NPV, % DA, %
Claudin-4 95.83 96.88 97.87 93.94 96.25
EZH2* 93.75 68.75 81.82 88.00 83.75
Claudin-4 + EZH2* 100.00 65.62 81.36 100.00 86.25
EZH2-high** 87.50 93.75 95.45 83.33 90.00
Claudin-4 + EZH2-high** 100.00 90.62 94.12 100.00 96.25

* At a cut-off value 5%; ** At a cut-off value 50%; Abbreviations: PPV, positive predictive value; NPV, negative predictive value; DA, diagnostic

accuracy

Using 50% as a cut-off value, 42/48 (87.5%) cases
of MAC and only 2/32 (6.3%) cases of RMC showed
high EZH2 expression (= 50% of target cells). High
EZH2 exhibited a higher specificity (93.8%) but a lower
sensitivity (87.5%) for discriminating MAC from RMC
(Table 3).

The combination of positive claudin-4 and high EZH2
expression showed 100% sensitivity, 90.6% specificity,
94.1% positive predictive value and 100% negative
predictive value (Table 3).

Discussion

Several immunohistochemical markers have been
proposed in literature for the discrimination between
MAC and RMC in effusion specimens, however, none
has been widely approved for use as a solitary marker or
in a limited cost-effective panel (Li et al., 2021).

In this study, we proposed that a limited panel

composed of claudin-4, an epithelial marker, and EZH2,
amarker of aberrant protein expression in malignant cells,
would be perfect for this discrimination. We examined the
expression of claudin-4 and EZH? in cell block sections
of 48 cases of metastatic adenocarcinoma and 32 cases
with benign cytology.

Claudin-4 is a tight junction protein normally
expressed in many types of epithelium (Liu and Li,
2020). We found claudin-4 to be positive in 95.8%
of adenocarcinomas originating from different sites,
including lung, breast, ovary and gastrointestinal tract,
which are the most common primary sites of malignant
effusion. Our findings are in line with those of Jo et
al.,(2014), Kim et al., (2016), Vojtek et al., (2019) and
Bernardi et al., (2021) who examined claudin-4 expression
in effusion cell blocks, and reported positive staining in
98.8%, 100%, 95.6% and 100% of adenocarcinomas
respectively. Lonardi et al., (2011) found claudin-4
immunoreactivity in smears of 99% of adenocarcinomas.

Figure 3. (A) Metastatic ductal carcinoma of breast (H&E); (B) tumor cells show strong membranous positivity for
claudin-4, (C) but are negative for EZH2 (cell-block material from pleural effusion, x400).
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Figure 4. (A) Metastatic lung adenocarcinoma (H&E); (B) tumor cells are negative for claudin-4, (C) but show strong
nuclear positivity for EZH2 (cell-block material from pleural effusion, x400).
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claudin-4, while few scattered cells (arrows) show cytoplasmic positivity. (C) RMCs are negative for EZH2 (cell-block

material from pleural effusion, x400).

Similar results were also reported in biopsies. Ordofiez
et al., (2013) found that, in surgical biopsy specimens,
claudin-4 was positive in all adenocarcinomas of the
lung, breast, colon, pancreas, and prostate and in 98%
of ovarian carcinomas. Naso (2020) assessed claudin-4
immunoreactivity in surgical specimens of lung tumors,
and reported positivity in 87% of lung adenocarcinomas.
Furthermore, claudin-4 was reported by separate reports
in most cases of endometrial, breast, gastric, prostatic
and ovarian carcinomas (Pan et al., 2013; Abd-Elazeem
and Abd-Elazeem, 2015; Shareef et al., 2015; Radi and
Abd-Elazeem, 2016; Martin de la Fuente et al., 2018).

In our study, claudin-4 was positive in only one case
of benign effusions with RMC. Our results are comparable
to those of Jo (2014), Vojtek (2019) and Bernardi (2021)
who did not notice claudin-4 positivity in any of the
reactive mesothelial cases. Kim (2016), however, reported
positive staining in 27.5% of RMC, despite using the
same antibody clone we used. This discrepancy may be
explained by different definition of positive staining.
We considered the case positive when > 5% of cells are
stained, while Kim (2016) defined the case as positive
when any cell showed positive staining.

In adenocarcinomas, claudin-4 immunoreactivity was
discernible as moderate to strong linear membranous
positivity, even in sparsely cellular samples. The
results were easy to interpret and differentiate from
scattered cytoplasmic positivity detected in reactive
mesothelial cells. Similar cytoplasmic reactivity was
reported by Lonardi et al., (2011) and Jo et al., (2014) in

mesothelial and inflammatory cells, and was considered
as a non-specific finding attributed to antigen retrieval
conditions. Vojtek (2019) also described distinct dot-like
pattern of cytoplasmic positivity limited to mesothelial
cells.

Claudin-4 exhibited high sensitivity and specificity
for differentiation between MAC and RMC (95.8%
and 96.9% respectively). Close figures were previously
reported by Jo et al., (2014), Oda et al., (2016), Vojtek
et al., (2019) and Patel et al., (2020). The sensitivity of
claudin-4 was 100%, 96.4%, 95.6% and 100%, while
specificity was 99%, 100%, 99.1% and 100% respectively.

To our knowledge, none of the other commonly used
epithelial markers have shown such high sensitivity and
specificity in this context. According to meta-analyses,
MOC-31 showed 85% sensitivity and 97% specificity,
while Ber-EP4 showed 80% sensitivity and 94%
specificity (Li et al., 2014; Wang et al., 2014). CD15
(LeuM1) and B72.3 exhibited variable rates of sensitivity,
ranging from 24% to 73% for the former (Shield et al.,
1994; Bailey et al., 1996), and 62% to 88% for the latter
(Afify et al., 2005; Patel et al., 2020). Furthermore, some
markers show variable sensitivity according to the origin
of carcinoma. For example, CEA is commonly expressed
in adenocarcinomas of lung, breast and GIT, but rarely
expressed in ovarian carcinomas (Ordoifiez, 2006).

EZH2 is a chromatin-modifying enzyme with a
well-established role in the pathogenesis of several
types of cancer e.g. breast and lung carcinomas (Duan
et al., 2020). Recent studies suggested a promising role
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of EZH2 in diagnosis of malignancy in effusions (Jiang
et al., 2014; Sadullahoglu et al., 2017; Ang et al., 2020).
Our study found a modest diagnostic accuracy of EZH2
in effusion cytology.

In this study, the choice of a cut-off value for EZH2
immunoreactivity was problematic due to the wide
discrepancy of values reported in literature. While most
reports on cytology material adopted 5% as a cut-off value
for EZH2 positivity (Jiang et al., 2014; Sadullahoglu et al.,
2017), many reports on biopsy specimens divided cases
into EZH2-low or high according to a 50% cut-off value
(Shinozaki-Ushiku et al., 2017; Hakim and Abou Gabal,
2021). To solve this problem, we assessed the diagnostic
utility of EZH2 at both cut-off values, 5% and 50%.

At 5% cut-off value, EZH2 was positive in 93.8% of
MAC cases and 31.2% of benign cases with RMC. When
50% was used as a cut-off value, most of the MAC cases
(87.3%) showed high expression (i.e. in > 50% of target
cells), while the majority of benign cases (93.8%) showed
no/low expression. For the identification of MAC in
effusions, positive EZH2 (> 5%) exhibited high sensitivity
(93.8%) but low specificity (68.8%), while high EZH2
(> 50%) showed improved specificity (93.8%) but lower
sensitivity (87.5%).

Previous studies by Jiang et al., (2014), Sadullahoglu
et al., (2017) and Ang et al., (2020) reported similarly
high sensitivity of EZH2 in detection of MAC in cell
block sections of effusion samples (90%, 93% and 95.5%
respectively). However, they reported 100% specificity,
which is different from the results of this study. Our
results are supported by Shinozaki-Ushiku et al., (2017)
and Hakim and Abou Gabal (2021) who detected EZH2
expression in histologic specimens of reactive mesothelial
hyperplasia.

In our work, EZH2 exhibited discernible nuclear
staining in target cells, with minimal staining of the
background proteinaceous material. However, focal
positivity of EZH2 was detected in inflammatory cells
as described by others (Jiang et al., 2014; Sadullahoglu
et al., 2017; Ang et al., 2020). This might cause
diagnostic problems, especially in specimens with
dyscohesive malignant cells dispersed in background
rich in inflammatory cells. Based on our observations,
it is not advised to use EZH2 as a solitary marker for
adenocarcinoma in effusion samples, and it is better used
in combination with other markers.

In our study, combining high EZH2 with positive
claudin-4 showed the highest sensitivity (100%) with a
good specificity (90.6%). The cut-off value for high EZH2
is fairly easy to follow, and its nuclear staining pattern is
a good addition to the membranous pattern of claudin-4.
Furthermore, high EZH?2 identifies adenocarcinoma cells
based on their aberrant protein expression and not their
primary origin, thus, it is supposed to complement the role
of claudin-4 which recognizes their epithelial phenotype
(Vojtek et al., 2019; Ang et al., 2020).

In conclusion, claudin-4 shows high sensitivity and
specificity in differentiation between MAC and RMC
in effusion cytology, and might be useful as a solitary
marker for MAC in selected cases. Adding EZH2 to
claudin-4 would increase the sensitivity. However, the
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interpretation of EZH2 results can be challenging due
to its focal expression in RMC and inflammatory cells.
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