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Abstract
Sialylated HEG1 has been reported as a highly specific and sensitive me-
sothelioma marker but a comprehensive evaluation of its expression in
carcinomas in different organs, various sarcomas and reactive mesothelial
proliferations has not been reported. The aim of this study was to evaluate
the clinical applicability of HEG1 as a marker in the diagnosis of me-
sothelioma. HEG1 immunoreactivity was evaluated in whole sections of 122
mesotheliomas, 75 pulmonary carcinomas, 55 other carcinomas, 16 me-
senchymal tumors, and 24 reactive mesothelial proliferations and in tissue
microarrays containing 70 epithelioid (EM), 36 biphasic (BM), and
2 sarcomatoid mesotheliomas (SM). In whole sections and tissue micro-
arrays, respectively, membranous HEG1 was expressed in 93.0% and
85.5% of EM, 81.3% and 69.4% of BM, 0% and 0% of SM. HEG1 was
not expressed in pulmonary adenocarcinomas. HEG1 was expressed
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as cytoplasmic immunoreactivity in pulmonary squamous cell carcinomas
(21.7%). Membranous HEG1 staining was seen in ovarian carcinomas
(66.7%), thyroid carcinomas (100%), reactive conditions (16.7%), and
mesenchymal tumors (18.8%). The sensitivity of membranous HEG1 ex-
pression to distinguish EM/BM from all carcinomas was 88.8%. The spe-
cificity for the differential diagnosis between EM/BM and all carcinomas and
pulmonary carcinomas was 92.3% and 98.7%, respectively.
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INTRODUCTION

Malignant mesothelioma is an aggressive tumor arising
from mesothelial cells. Approximately 80% of these
neoplasms occur in patients with previous exposure to
asbestos. In 2018 there were 30 000 newly diagnosed
patients with mesothelioma and 26 000 deaths from
mesothelioma world‐wide.1

The diagnosis of malignant mesothelioma can be
difficult and it is essential to consider the clinical history,
physical examination, and imaging findings in combi-
nation with the pathology in order to accurately
distinguish mesothelioma from other malignancies.2,3

Current guidelines for a definitive pathologic diagnosis
of malignant mesothelioma require two positive me-
sothelioma markers as well as two negative markers
for other tumors in the morphological differential
diagnosis.2 Claudin 4 is the most sensitive and
specific of the commonly used carcinoma markers
(claudin 4, carcinoembryonic antigen, MOC31, and
BER‐EP4).2 Claudin 4 is also consistently negative in
mesotheliomas.4,5 Calretinin, WT1, podoplanin, and
CK5/6 are the best commercially available mesothe-
lioma markers for the histologic diagnosis of malignant
mesothelioma. However, none of these markers is
100% sensitive or 100% specific for this diagnosis.
Given that some epithelioid, biphasic or sarcomatoid
mesotheliomas exhibit immunoreactivity for none or
only one of these markers, there is a need for additional
sensitive and specific mesothelial markers that could
be used in selected cases.

Protein HEG homolog 1 (HEG1) was first reported
as the “heart of glass” gene regulating the concentric
growth of the zebrafish heart.6 HEG1, a heart devel-
opment protein with EGF‐like domains 1, is suggested
to regulate an endothelial cell signaling pathway.7 It
has also been suggested that HEG1 expression
may support the survival and proliferation of me-
sothelioma cells8 and may promote metastasis of
hepatocellular carcinoma.9,10 Tsuji and colleagues
recently reported that sialylated HEG1, a novel mucin‐
like membrane protein, is a mesothelioma‐related
antigen and that HEG1 protein expression is highly
sensitive and specific for malignant mesothelioma.8

More recently, Naso et al. also reported that HEG1 is
a highly specific mesothelial marker in the differential
diagnosis between sarcomatoid mesotheliomas and
sarcomatoid carcinomas.11 However, a comprehen-
sive study of HEG1 immunohistochemical expression
and staining patterns (membranous, cytoplasmic, or
both) in mesotheliomas, carcinomas and sarcomas
has not been previously reported.

MATERIALS AND METHODS

Tissue samples

Tissue microarrays (TMAs) provided by one of the
authors (ANH)12 included 87 malignant pleural me-
sotheliomas (51 epithelioid, 34 biphasic, 2 sarcoma-
toid) and 22 malignant peritoneal mesotheliomas
(19 epithelioid, 3 biphasic).

Additional cases from the pathology department
archives at Tokyo Women's Medical University,
Yachiyo Medical Center, Chiba Rosai Hospital, and
Cedars‐Sinai Medical Center, included biopsies of
120 malignant pleural mesotheliomas (53 epithelioid,
34 biphasic, 24 sarcomatoid, 3 desmoplastic, 3 tran-
sitional, 2 with heterologous elements, 1 lymphohis-
tiocytoid), 5 malignant peritoneal mesotheliomas
(4 epithelioid, 1 sarcomatoid), 1 malignant mesothe-
lioma of tunica vaginalis (1 epithelioid), 1 well‐
differentiated papillary mesothelioma, 75 pulmonary
carcinomas (34 nonmucinous adenocarcinomas
(15 papillary, 11 acinar, 4 lepidic, 3 solid adenocarci-
nomas, and 1 adenocarcinoma in situ), 2 invasive
mucinous adenocarcinomas, 23 squamous cell carci-
nomas (12 keratinizing, 10 nonkeratinizing squamous
carcinomas, and 1 squamous cell carcinoma in situ),
2 adenosquamous carcinomas, 9 pleomorphic carci-
nomas, and 1 mucoepidermoid carcinoma, 4 large cell
neuroendocrine carcinomas), and 56 nonpulmonary
carcinomas (9 esophageal squamous cell carcino-
mas, 6 gastric adenocarcinomas, 7 colon adeno-
carcinomas, 7 breast carcinomas, 9 ovarian serous
carcinomas, 7 uterine cervical squamous cell carcino-
mas, 6 urothelial carcinomas, 3 thyroid carcinomas
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(2 papillary and 1 follicular), 1 pancreatic adenosqua-
mous carcinoma, and 1 thymic pleomorphic carcinoma),
16 mesenchymal tumors (6 angiosarcomas, 6 leiomyo-
sarcomas, 2 lymphomas, 1 solitary fibrous tumor, and 1
synovial sarcoma), 21 cases of fibrous pleuritis and 3
cases with reactive mesothelial cells.

Results of immunohistochemistry of the TMAs and
whole sections of 88 malignant mesotheliomas, 57 pul-
monary carcinomas, and 11 cases of fibrous pleuritis
have been published in the congress proceedings.13

This study, including anonymous use of redundant
tissues from archived materials, was approved by the
ethics committee of Tokyo Women's Medical University
(approval number, 4553; approval date, November 2017).
Informed consent was waived by the ethics committee
due to minimal risk.

Immunohistochemistry

Specimens were processed at Tokyo Women's Medical
University, Yachiyo Medical Center. Sections (4μm) were
cut from formalin‐fixed paraffin‐embedded (FFPE) blocks
and placed on silanized slides (Muto Pure Chemicals,
Tokyo, Japan), and unstained FFPE sections were sub-
mitted for the study from the other institutions. Im-
munohistochemistry was performed using the following
primary antibodies: monoclonal anti‐sialylated HEG1 anti-
body (SKM9‐2; 20μg/mL, produced by one of the co-
authors [ST]) (Nichirei Biosciences Inc., Tokyo, Japan),
monoclonal anti‐calretinin antibody (5A5, 1:200, #NCL‐
CALRETININ; Leica Biosystems, Wetzlar, Germany),
monoclonal anti‐WT1 antibody (WT49, 1:1, #PA0562;
Leica Biosystems), and monoclonal anti‐podoplanin anti-
body (D2‐40, 1:10, #IR072; Dako, Glostrup, Denmark). To
improve staining intensity, the tissue slides were heated in
an autoclave at 121°C for 10min in a citrate buffer (10mM,
pH 6.0) before staining with anti‐sialylated HEG1 antibody,
heated for 20min in BOND Epitope Retrieval Solution 2
(ER2) (Leica Biosystems) before staining with anti‐
calretinin antibody or anti‐podoplanin antibody, or heated
for 30min in BOND ER2 before staining with anti‐WT1
antibody. Staining was performed on a Leica BOND Max
automatic stainer (Leica Biosystems).

HEG1 Immunohistochemical staining
scores

Immunohistochemical staining scores were calculated as
previously described.14 The staining intensity for HEG1 in
biopsies was scored as follows: 0 (none), 1 (weak), 2
(moderate), and 3 (strong). The extent of staining was
scored as follows: 0 (<1%), 1 (1%–24%), 2 (25%–49%), 3
(≥50%). A staining result was considered negative when
the total staining score was ≤2 and considered positive
when the total staining score was ≥3. HEG1 staining was

also recorded as membranous or cytoplasmic for each
case. Apical membranous staining was recorded as apical.
In biphasic mesotheliomas, staining was based on the
epithelioid component. Membranous immunoreactivity
was interpreted as a positive stain in all tumors and re-
active mesothelial proliferations. Positive HEG1 cyto-
plasmic staining of endothelial cells served as the internal
positive control. Absence of HEG1 staining in lymphocytes
served as the internal negative control.

Conventional mesothelial markers

Results of immunohistochemical staining for calretinin,
WT1, and podoplanin in biopsies of epithelioid and bi-
phasic mesotheliomas were obtained from the patients’
medical records.

Statistical analysis

Fisher's exact test, using GraphPad Prism 6 (GraphPad
Software, San Diego, CA, USA), was used to compare the
frequency of expression of mesothelial markers. All sta-
tistical tests were two‐sided and used a 5% level of
significance.

RESULTS

Staining for HEG1 and conventional
mesothelial markers in TMAs

As shown in Table 1, the frequency of expression of HEG1
is higher than that of WT1 and podoplanin in epithelioid
and biphasic mesotheliomas. Both sarcomatoid mesothe-
liomas in the TMA were negative for HEG1, calretinin,
WT1, and podoplanin.

There was a statistically significant difference
between the expression frequencies of HEG1 and
WT1 (p=0.0058), between that of HEG1 and podoplanin
(p=0.0161), between that of calretinin and WT1
(p=0.0002), and between that of calretinin and podoplanin
(p=0.0007) in epithelioid mesotheliomas. There was also
a statistically significant difference between the expression
frequencies of HEG1 and WT1 (p=0.0008), and between
that of HEG1 and podoplanin (p=0.0008) in biphasic
mesotheliomas. However, no statistically significant differ-
ence in expression frequency was observed between any
of the markers in sarcomatoid mesotheliomas.

Staining in whole sections

Five cases were excluded from the study (one epithe-
lioid mesothelioma, two biphasic mesotheliomas, one
mesothelioma with heterologous elements, and one
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uterine cervical carcinoma) because tissues were
not well preserved and immunostains were unin-
terpretable. The 293 cases analyzed included 122
malignant mesotheliomas (57 epithelioid, 32 biphasic,
25 sarcomatoid, 3 desmoplastic, 3 transitional, 1 with
heterologous elements, 1 lymphohistiocytoid), 1 well‐
differentiated papillary mesothelioma, 75 pulmonary
carcinomas, 55 nonpulmonary carcinomas, 16 me-
senchymal tumors, and 24 reactive mesothelial
proliferations.

HEG1 expression in mesotheliomas

Immunoreactivity for HEG1 in whole sections from
mesotheliomas is shown in Tables 1 and 2; 79 of 89
(88.8%) epithelioid components of epithelioid/biphasic
mesotheliomas were positive for HEG1. Fifty three of
57 (93.0%) epithelioid mesotheliomas showed mem-
branous staining (Figure 1a,b) and three (5.3%)
showed cytoplasmic staining (Figure 1c–f); one was
negative for HEG1. Twenty‐six of 32 (81.3%) biphasic
mesotheliomas showed membranous staining and four
(12.5%) showed cytoplasmic staining (Figure 2a,b);
two were negative for HEG1. Twenty of 25 (80.0%)
sarcomatoid mesotheliomas (Figure 2c,d), two of three
(66.7%) desmoplastic mesotheliomas, and one (100%)
lymphohistiocytoid mesothelioma showed cytoplasmic
staining. None of these showed membranous staining.
Intratumoral heterogeneity of staining from field to field
was observed in some mesotheliomas. However, the
staining in most epithelioid mesotheliomas and in most
of the epithelioid component in biphasic mesotheliomas
was strong and diffuse, while that in sarcomatoid

mesotheliomas was variable. One well‐differentiated
papillary mesothelioma showed strong, diffuse apical
HEG1 staining.

HEG1 expression in carcinomas

As shown in Table 2, although various subtypes of
pulmonary adenocarcinomas were studied, HEG1 was
not expressed in any of 36 adenocarcinomas
(Figure 3a,b), the pulmonary mucoepidermoid carci-
noma, or four large cell neuroendocrine carcinomas
evaluated. HEG1 was focally expressed in 5 of 23
(21.7%) pulmonary squamous cell carcinomas, two of
two (100%) pulmonary adenosquamous carcinomas
(in the squamous component only), and four of
nine (44.4%) pulmonary pleomorphic carcinomas
(Figure 3c,d). Staining was cytoplasmic, weak to
moderate and focal in squamous cell carcinomas and
pleomorphic carcinomas. None of the squamous cell
carcinomas or pleomorphic carcinomas showed mem-
branous staining. Tumor cells at the periphery of the
nests of squamous cell carcinoma with differentiation to
basal cells tended to be positive for HEG1; keratinizing
cells were negative. Staining was weak to moderate,
focal, and membranous in one adenosquamous carci-
noma and cytoplasmic in another adenosquamous cell
carcinoma. Six of nine (66.7%) ovarian serous carci-
nomas exhibited membranous staining for HEG1
(Figure 3e,f) with total staining scores of 3 (five cases)
and 6 (one case). In two ovarian serous carcinomas
that were considered negative for HEG1, staining in-
tensity was 1 and staining extent was 0 or 1. Total
staining score was 0 in one ovarian serous carcinoma.

TABLE 1 Expression frequency of HEG1 and conventional mesothelial markers in mesotheliomas

EM BM SM

No. I/T (%) No. I/T (%) No. I/T (%)

TMA

m+ cHEG1 66/69 95.7 34/36 94.4 2/2 100

mHEG1 59/69 85.5 25/36 69.4 0/2 0

Calretinin 64/70 91.4 19/36 52.8 0/2 0

WT1 45/70 64.3* 10/36 27.8* 0/2 0

Podoplanin 47/70 67.1* 10/36 27.8* 0/2 0

Whole sections

m + cHEG1 56/57 98.2 30/32 93.8 20/25 80.0

mHEG1 53/57 93.0 26/32 81.3 0/25 0

Calretinin 41/43 95.3 16/19 84.2 NA

WT1 30/38 78.9 10/17 58.8 NA

Podoplanin 36/42 85.7 14/17 82.4 NA

Abbreviations: BM, biphasic mesothelioma; EM, epithelioid mesothelioma; m + cHEG1, membranous and/or cytoplasmic HEG1 staining; mHEG1, membranous
HEG1 staining; NA, not analyzed; No. I/T, number of immunoreactive/total cases; SM, sarcomatoid mesothelioma; TMA, tissue microarray.

*Statistically significant difference between expression frequency of membranous HEG1 staining and that of conventional mesothelial marker (p < 0.05).

HEG1 IMMUNOSTAINING IN MESOTHELIOMA | 607



TABLE 2 HEG1 immunostaining in tumors analyzed in this study (whole sections)

Staining score Staining pattern

N P (%) 0–2 3 4 5 6 m (%) c (%)

Mesotheliomas 122 112 (91.8) 10 5 5 21 81 81 (66.4) 31 (25.4)

Epithelioid and biphasic 89 86 (96.6) 3 1 0 12 73 79 (88.8) 7 (7.9)

Epithelioid 57 56 (98.2) 1 1 0 7 48 53 (93.0) 3 (5.3)

Biphasic (epithelioid component) 32 30 (93.8) 2 0 0 5 25 26 (81.3) 4 (12.5)

Sarcomatoid 25 20 (80.0) 5 4 4 7 5 0 (0.0) 20 (80.0)

Desmoplastic 3 2 (66.7) 1 0 0 2 0 0 (0.0) 2 (66.7)

Transitional 3 3 (100.0) 0 0 1 0 2 2 (66.7) 1 (33.3)

Heterologous elements 1 0 (0.0) 1 0 0 0 0 0 (0.0) 0 (0.0)

Lymphohistiocytoid 1 1 (100.0) 0 0 0 0 1 0 (0.0) 1 (100.0)

WDPM 1 1 (100.0) 0 0 0 0 1 1 (100.0) 0 (0.0)

Lung carcinomas 75 11 (14.7) 64 4 3 3 1 1 (1.3) 10 (13.3)

Nonmucinous adenocarcinoma 34 0 (0.0) 34 0 0 0 0 0 (0.0) 0 (0.0)

Invasive mucinous adenocarcinoma 2 0 (0.0) 2 0 0 0 0 0 (0.0) 0 (0.0)

SCC 23 5 (21.7) 18 2 1 2 0 0 (0.0) 5 (21.7)

Keratinizing SCC 12 2 (16.7) 10 1 1 0 0 0 (0.0) 2 (16.7)

Nonkeratinizing SCC 10 2 (20.0) 8 1 0 1 0 0 (0.0) 2 (20.0)

SCC in situ 1 1 (100.0) 0 0 0 1 0 0 (0.0) 1 (100.0)

Adenosquamous carcinoma 2 2 (100.0) 0 2 0 0 0 1 (50.0) 1 (50.0)

Pleomorphic carcinoma 9 4 (44.4) 5 0 2 1 1 0 (0.0) 4 (44.4)

Mucoepidermoid carcinoma 1 0 (0.0) 1 0 0 0 0 0 (0.0) 0 (0.0)

LCNEC 4 0 (0.0) 4 0 0 0 0 0 (0.0) 0 (0.0)

Other carcinomas

Esophageal carcinoma 9 1 (11.1) 8 0 0 0 1 0 (0.0) 1 (11.1)

Gastric carcinoma 6 0 (0.0) 6 0 0 0 0 0 (0.0) 0 (0.0)

Colon carcinoma 7 0 (0.0) 7 0 0 0 0 0 (0.0) 0 (0.0)

Breast carcinoma 7 0 (0.0) 7 0 0 0 0 0 (0.0) 0 (0.0)

Ovarian serous carcinoma 9 6 (66.7) 3 5 0 0 1 6 (66.7) 0 (0.0)

Uterine cervical carcinoma 6 2 (33.3) 4 1 1 0 0 0 (0.0) 2 (33.3)

Urothelial carcinoma 6 0 (0.0) 6 0 0 0 0 0 (0.0) 0 (0.0)

Thyroid carcinoma 3 3 (100.0) 0 1 0 1 1 3 (100.0) 0 (0.0)

Pancreatic carcinoma 1 0 (0.0) 1 0 0 0 0 0 (0.0) 0 (0.0)

Thymic carcinoma 1 0 (0.0) 1 0 0 0 0 0 (0.0) 0 (0.0)

Mesenchymal tumors

Angiosarcoma 6 6 (100.0) 0 0 2 4 0 3 (50.0) 3 (50.0)

Leiomyosarcoma 6 6 (100.0) 0 1 2 1 2 0 (0.0) 6 (100.0)

Lymphoma 2 0 (0.0) 2 0 0 0 0 0 (0.0) 0 (0.0)

Solitary fibrous tumor 1 1 (100.0) 0 0 0 1 0 0 (0.0) 1 (100.0)

Synovial sarcoma 1 0 (0.0) 1 0 0 0 0 0 (0.0) 0 (0.0)

Reactive mesothelial proliferations

Fibrous pleuritis 21 13 (61.9) 0 3 6 3 1 1 (4.8) 12 (57.1)

Reactive mesothelial cells 3 3 (100.0) 0 0 0 0 3 3 (100.0) 0 (0.0)

Note: Discrepancy in the sum of percentages in a tabulation is due to rounding of numbers.

Abbreviations: c, cytoplasmic; LCNEC, large cell neuroendocrine carcinoma; m, membranous; N, total; P, positive; SCC, squamous cell carcinoma;
WDPM, well‐differentiated papillary mesothelioma.
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All (100%) of three thyroid carcinomas were positive for
HEG1 (Figure 3g,h); staining was membranous, mod-
erate to strong, and of variable extent. One of nine
(11.1%) esophageal carcinomas and two of six (33.3%)
uterine cervical carcinomas were positive for HEG1,
while all six gastric carcinomas, seven colonic carci-
nomas, one pancreatic carcinoma, six urothelial

carcinomas, seven breast carcinomas, and one thymic
carcinoma in the study were negative. Staining in the
esophageal and uterine cervical squamous carcinomas
was cytoplasmic. Most fibroblasts in the tumor stroma
stained with the HEG1 antibody in our study, thereby
making the visualization of HEG1 staining in the tumor
cells difficult at low power magnification.

F IGURE 1 Epithelioid mesothelioma with tumor cells growing in papillary pattern (a) and showing strong membranous HEG1 staining (b).
Reactive mesothelial cells also show membranous or cytoplasmic HEG1 staining. Epithelioid mesothelioma with tumor cells growing in
trabeculae (c). Mesothelioma cells show strong cytoplasmic HEG1 staining (d). Pleomorphic mesothelioma (e) with tumor cells showing granular
cytoplasmic HEG1 staining (f)

F IGURE 2 Biphasic mesothelioma
(a) with tumor cells showing strong granular
cytoplasmic HEG1 staining (b). Sarcomatoid
mesothelioma (c) with spindle‐shaped tumor
cells showing granular cytoplasmic HEG1
staining (d)
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Overall, membranous HEG1 staining had a sensi-
tivity of 88.8% and a specificity of 92.3% in distin-
guishing epithelioid/biphasic mesotheliomas from
carcinomas (Table 3). When the differential was re-
stricted to epithelioid/biphasic mesotheliomas versus
pulmonary carcinomas, membranous HEG1 staining
had a sensitivity of 88.8% and a specificity of 98.7% for
mesotheliomas.

HEG1 expression in mesenchymal tumors

Three angiosarcomas exhibited moderate diffuse
membranous immunoreactivity. Three angiosarcomas,
six leiomyosarcomas, and one solitary fibrous tumor in
the study exhibited strong, mostly diffuse cytoplasmic
immunoreactivity for HEG1 (Table 2). Both lymphomas
and the synovial sarcoma were negative. Overall, 3
of 16 (18.8%) mesenchymal tumors studied showed

membranous HEG1 staining. Membranous HEG1 had
a low sensitivity in distinguishing sarcomatoid me-
sothelioma including desmoplastic mesothelioma from
mesenchymal tumors (Table 3).

HEG1 expression in reactive mesothelial
proliferations

As shown in Tables 2 and 3, 13 of 21 (61.9%) biopsies
of fibrous pleuritis showed weak, diffuse staining for
HEG1 (Figure 4a,b). Twelve showed cytoplasmic and
one showed membranous staining. The eight other
cases of fibrous pleuritis were negative for HEG1. HEG1
had a low sensitivity in distinguishing sarcomatoid me-
sothelioma from fibrous pleuritis (Table 3). All three
cases with reactive mesothelial cells showed strong
and diffuse apical staining (Figure 4c,d). HEG1 had
a low specificity in distinguishing epithelioid/biphasic

F IGURE 3 Pulmonary adenocarcinoma (a). Adenocarcinoma cells do not express HEG1 (b). Capillary endothelium and stromal cells show
cytoplasmic HEG1 staining. Pulmonary pleomorphic carcinoma (c) with spindle‐shaped tumor cells showing granular cytoplasmic HEG1
staining (d). Ovarian serous carcinoma (e) showing membranous HEG1 staining (f). Thyroid papillary carcinoma (g) showing strong
membranous HEG1 staining (h)

610 | HIROSHIMA ET AL.



mesothelioma from reactive mesothelial cells (Table 3).
Overall, 4 of 24 (16.7%) reactive mesothelial prolifera-
tions showed membranous HEG1 staining.

Expression of conventional mesothelial
markers in epithelioid and biphasic
mesotheliomas

As shown in Table 1, there was no statistically sig-
nificant difference between the expression frequency of
two markers except between that of calretinin and WT1
(p = 0.0399) in epithelioid mesotheliomas in whole
sections.

Immunohistochemical staining results for all three
conventional mesothelial markers (calretinin, WT1,
podoplanin) were available from the medical records of
51 patients with malignant mesothelioma (35 epithe-
lioid, 16 biphasic). One, two, and all three conventional

mesothelial markers were positive in 13.7%, 25.5%,
and 60.8%, respectively, of the 51 mesotheliomas
whereas HEG1 was positive in 88.2% of the me-
sotheliomas. Although 2 of 35 epithelioid mesothelio-
mas and 5 of 16 biphasic mesotheliomas stained with
only 1 conventional mesothelial marker, all epithelioid
mesotheliomas and 3 of 5 biphasic mesotheliomas that
stained with only 1 conventional mesothelial marker
(71.4%) showed membranous HEG1 staining. The re-
maining 2 biphasic mesotheliomas that stained with
only 1 conventional mesothelial marker showed cyto-
plasmic HEG1 staining.

DISCUSSION

Our results show that membranous HEG1 is a useful
mesothelial marker and could be a valuable addition to
the current panel of markers in the differential diagnosis

TABLE 3 Sensitivity and specificity of membranous HEG1 staining for diagnosis of mesothelioma (whole sections)

N Positive Negative Sensitivity (%) Specificity (%)

EM or BM 89 79 10

Carcinoma 130 10 120 88.8 92.3

Reactive mesothelial cells 3 3 0 88.8 0

SM 28 0 28

Mesenchymal tumor 16 3 13 0 81.3

Fibrous pleuritis 21 1 20 0 95.2

Abbreviations: BM, biphasic mesothelioma; EM, epithelioid mesothelioma; N, total; SM, sarcomatoid mesothelioma.

F IGURE 4 Fibrous pleuritis (a) with
spindle cells showing weak cytoplasmic HEG1
staining (b). Pleural reactive mesothelial
proliferation associated with pneumothorax
(c) showing strong apical HEG1 staining in
reactive mesothelial cells (d)
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of epithelioid/biphasic mesothelioma versus carcinomas.
The HEG1 staining in most epithelioid mesotheliomas
and in the epithelioid component of biphasic mesothe-
liomas was membranous, strong, and diffuse. HEG1
was not expressed in any of the pulmonary adeno-
carcinomas. Focal cytoplasmic staining for HEG1 was
present in 21.7% of the pulmonary squamous cell car-
cinomas; none showed diffuse staining. In pulmonary
squamous cell carcinomas, HEG1 staining was ob-
served in basal cells but not in keratinizing cells and was
independent of the degree of tumor differentiation. In
both adenosquamous carcinomas, only the squamous
carcinoma component was positive for HEG1; the ade-
nocarcinoma component was negative for HEG1.

Membranous HEG1 staining had a specificity of
92.3% in distinguishing epithelioid/biphasic mesothe-
liomas from all carcinomas and 98.7% in distinguishing
epithelioid/biphasic mesotheliomas from pulmonary
carcinomas. Importantly, HEG1 was positive in 71.4%
of the cases that stained positive with only one con-
ventional mesothelioma marker.

HEG1 is predicted to be a type I membrane protein
and is predominantly localized on the membrane of
epithelioid mesothelioma,8 but cytoplasmic localization
was observed in areas of solid growth in 5% of the
epithelioid mesotheliomas and in the epithelioid com-
ponent in 12% of the biphasic mesotheliomas in our
study. Such a shift in cellular localization has been
reported for some membrane‐associated mucins in
other tumors. MUC13 is usually localized in the apical
region of ovarian carcinoma cells, but its localization is
also observed in the cytoplasm. A shift in cellular lo-
calization might facilitate detachment of carcinoma
cells from the primary site as well as stromal invasion.15

Breast carcinomas with cytoplasmic and membranous
MUC1 expression have poorer prognosis compared to
those with pure luminal expression.16 It is suggested
that differences in HEG1 expression between epithe-
lioid mesothelioma and epithelioid component of
biphasic mesothelioma are related to differences in
biological behavior of these tumors.

In our study four (44.4%) of nine pulmonary pleo-
morphic carcinomas stained with HEG1. However,
Naso et al. reported that none of 21 pulmonary sarco-
matoid carcinomas showed cytoplasmic or membra-
nous staining for HEG1 and that HEG1 has high
specificity (100%) for sarcomatoid mesotheliomas when
compared with sarcomatoid carcinoma.11 Possible ex-
planations for the differences in HEG1 staining results
reported by the two groups include differences in stain-
ing protocol and/or differences in size of the tissue
samples. We used the HEG1 antibody at a concentra-
tion of 20 μg/mL and heated the tissues in an autoclave
at 121°C for 10min before staining with HEG1 antibody.
Despite this strong antigen retrieval protocol, most car-
cinomas did not express HEG1 and all subtypes of
mesotheliomas expressed HEG1. In addition, Naso

et al. used TMAs whereas we used whole sections;
hence we analyzed a larger area of tumor in all cases.11

In our study HEG1 staining in ovarian serous car-
cinomas was weak to moderate in all but one case in
which staining was strong and diffuse. We previously
reported HEG1 staining in 28% of cell blocks from ef-
fusions containing metastatic ovarian carcinoma; all of
the ovarian carcinomas that expressed HEG1 were
serous carcinomas; none was a clear cell carcinoma.14

HEG1 staining was membranous, moderate to strong
in all thyroid carcinomas, and diffuse in some thyroid
carcinomas. However, ovarian serous carcinomas
could be correctly identified because they character-
istically express estrogen receptor,17 PAX8, and
claudin 4,18 while thyroid carcinomas characteristically
stain positive for TTF‐119 and claudin 4.20,21

We previously reported strong membranous staining
for HEG1 in most solitary and clustered reactive me-
sothelial cells and weak cytoplasmic staining in some so-
litary reactive mesothelial cells in cell blocks of effusions.14

Here we have confirmed strong, diffuse membranous
staining for HEG1 in reactive mesothelial cells. Fibrous
pleuritis also stained with HEG1, but the staining was weak
and diffuse. Twelve showed cytoplasmic and one showed
membranous staining. Therefore, we consider that HEG1
is not useful to distinguish between mesothelioma and
reactive mesothelial proliferation.

To improve the intensity of HEG1 staining, heat‐
induced epitope retrieval in a citrate buffer was per-
formed with an autoclave in this study. However, most
laboratories use an immunohistochemical automatic
stainer and do not use an autoclave. Therefore, we
compared HEG1 staining intensity using the methods
in this study with that obtained heating slides in BOND
ER2 (Leica Biosystems) with Bond Max automatic
stainer. The staining patterns seen in slides from me-
sotheliomas did not differ between the two methods
and background staining was slightly weaker with
heating in BOND ER2 with an automatic stainer.

Limitations to our study include its retrospective
nature. The cases analyzed were selected from pathol-
ogy archives and were not consecutive. Although the
cases originated from a variety of organs, tumors origi-
nating from additional sites such as brain, salivary gland,
kidney, adrenal gland, liver, testis, and others were not
represented. Also, because the sensitivity and specificity
of HEG1 for the pathological diagnosis of mesothelioma
was calculated from the results of this study, these
percentages cannot be interpreted as universal and/or
applicable in daily pathology practices. Sensitivity and
specificity should be assessed from consecutive surgical
specimens received in the laboratory.

In conclusion, membranous HEG1 staining shows
excellent sensitivity and specificity in the differential
diagnosis between epithelioid/biphasic mesothelioma
and carcinomas, especially pulmonary carcinomas in-
cluding squamous cell carcinoma. However, it cannot
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distinguish epithelioid mesothelioma from ovarian ser-
ous carcinoma and thyroid carcinoma. Although HEG1
was not expressed in selected urothelial, breast or
colon carcinomas, future studies with larger numbers of
cases are needed to confirm this finding and study
HEG1 in additional tumors.
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