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Abstract

Sarcomatoid malignant mesothelioma (SMM) tends to occur in the pleura and is morphologically similar to lung sarcomatoid
carcinoma (LSC) and organizing pleuritis (OP). Because SMM often does not express mesothelial markers, it is very difficult to
distinguish from LSC and OP. GATA-binding protein 3 (GATA3) is a specific immunohistochemical (IHC) marker of breast and
urothelial carcinoma. We routinely find that GATA is expressed in MM; however, GATA3 expression in SMM and its reference
value for distinguishing SMM from LSC and OP remain unclear. Here, we used IHC methods to detect the expression of GATA3
and classic mesothelial markers in 17 SMM, 12 LSC, and 7 OP cases. We detected the following expression rates in SMM versus
LSC cases: GATA3 (70.6% vs. 16.7%, p = 0.008), calretinin (52.9% vs. 8.3%, p = 0.019), Wilms tumor (WT)-1 (64.7% vs. 0%,
p=0.000), D2-40 (47.1% vs. 16.7%, p = 0.126), CK5/6 (35.3% vs. 25.0%, p = 0.694), and pan-cytokeratin (CKpan) (88.2% vs.
100.0%, p = 0.498). The specificities of calretinin, WT-1, and GATA3 in distinguishing SMM from LSC were 91.7%, 100%, and
83.3%, respectively, and combinations of any two of these three markers exhibited 100% specificity for SMM. Notably, the
sensitivity of calretinin+/WT1+ staining for SMM was only 23.5%, which increased to 64.7% after including GATAS3.
Furthermore, all OP cases showed partial or diffuse expression of CKpan, WT-1, and D2-40 but no GATA3 and calretinin
expression. In conclusion, GATA3 is an IHC marker with excellent sensitivity and specificity for SMM, and the combined
consideration of GATA3, calretinin, and WT-1 was best for distinguishing SMM from LSC. Moreover, CKpan, WT-1, and D2-
40 had no value for distinguishing SMM from OP, and GATA3 and calretinin were the most specific markers for distinguishing
these two lesions.
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Introduction

This article is part of the Topical Collection on Quality in Pathology

Sarcomatoid malignant mesothelioma (SMM) commonly oc-

Highlights curs in the pleura and needs to be distinguished from various
1. We found GATA3 as an excellent specific marker for distinguishing . . d d .
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carcinoma and organizing pleuritis. This is a new finding, and there is I particular, distinguishing SMM from lung sarcomatoid car-

only one related study at present. cinomas (LSCs) involving the pleura is especially challenging

2. Expression for mesothelial markers such as WT-1 and D2-40 in orga- 1], SMM exhibits an insidious onset, and vast majority of

nizing pleuritis cases, it is a pitfall for differential diagnosis from . . .

desmoplastic mesotheliomas patients have advanced disease when they receive treatment.

Moreover, its diagnosis is mainly based on small biopsy spec-
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mesothelioma (MM) in Zhejiang, China, and found a misdi-
agnosis rate of 43.5%, which was mainly due to the abnormal
expression of mesothelial markers in nonmesothelioma
tumors.

Desmoplastic MM (DMM) mainly comprises a collagenic
stroma interspersed with only a few tumor cells and often
needs to be distinguished from organizing pleuritis (OP) [1].
Mesothelial markers play an important role in distinguishing
the two diseases. However, we have often observed that me-
sothelial markers are also expressed in spindle cells of OP,
which can seriously confuse differential diagnosis. Thus, clar-
ifying the expression of mesothelial markers in OP is an im-
portant basis for distinguishing it from DMM. However, to the
best of our knowledge, this topic has not been investigated.

GATA-binding protein 3 (GATAS3) is a specific marker for
breast cancer and bladder cancer and is commonly used in the
differential diagnosis of pleural tumors. However, we found
that GATA3 was also frequently expressed in MM, especially
in cases of SMM that did not express mesothelial markers, and
such cases were commonly misdiagnosed. Therefore, we
aimed to detect the expression of GATA3 and mesothelial
markers in SMM, LSC, and OP to define the reference values
for various antibodies and their combinations for the differen-
tial diagnosis of SMM, LSC, and OP.

Materials and methods
Patients and tissue samples

Among the MM patients diagnosed at the Ningbo Diagnostic
Pathology Center between 2012 and 2020, we selected a total
of 17 MM cases based on the clinical course, imaging data,
pathologic, and immunohistochemical features. Twelve cases
of LSC and 7 cases of OP were included in the control group.
This study was approved by the Ethics Committee of the
Ningbo Diagnostic Pathology Center.

Immunohistochemistry

IHC of sections from formalin fixed paraffin-embedded tis-
sues was performed using the EnVision two-step system
(Agilent Technologies, Glostrup, Denmark). All IHC labeling
was performed with a Benchmark ULTRA automated immu-
nohistochemical station (Ventana, Roche Diagnostics,
Switzerland), labeled antibodies included those recognizing
GATA3 (clone EP368, 1:500, ZSGB-BIO, China), calretinin
(clone CALG6, prediluted, Leica Biosystems, Germany),
Wilms tumor (WT)-1 (clone 6F-H2, prediluted, DAKO,
Denmark), D2-40 (clone D2-40, prediluted, DAKO,
Denmark ), cytokeratin (CK)5/6 (clone OT11C, 1:500,
ZSGB-BIO, China), and pan-cytokeratin (CKpan) (clone
AEI1/AE3, 1:300, ZSGB-BIO, China). The IHC results
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verified that nuclear calretinin (nucleoplasmic), WT-1, and
GATA3 staining were positive, whereas the other markers
showed localized staining in the cell membrane or cytoplasm.
Staining intensity was scored as follows: 0, no staining; 1+,
weakly positive (light yellow); 2+, moderately positive
(yellow); and 3+, strongly positive (brownish yellow). The
specimens were then scored according to the percentage of
positive cells as follows: 0, < 1%; 1+, 1% to 10%; 2+, 11%
to 50%; and 3+, > 50%. Finally, the staining intensity and
percentage scores were summed and divided into categories:
negative or indeterminate staining of individual cells (0-2),
partial expression (3—4), and diffuse expression (5-6), with
scores > 3 considered positive.

Statistical analysis

Data were statistically analyzed using SPSS (v.20.0; IBM
Corp., Armonk, NY, USA). Between-group comparisons of
the positivity rates for the markers were performed using the
chi-squared test (Fisher’s exact probability test), with p < 0.05
considered statistically significant. The sensitivity and speci-
ficity of the individual antibodies and their combinations for
SMM were calculated as follows:

Sensitivity = TP/(TP + EN) x 100%
Specificity = TN/(TN + FP) x 100%

where TP is the number of true positives, TN is the number of
true negatives, FP is the number of false positives, and FN is
the number of false negatives.

Results
Patients’ characteristics

A total of 17 MM patients were selected in this study, includ-
ing 13 females and 4 males with a median age of 62 years
(range from 13 to 78 years). There were 15 SMM (12 spindle
cell type and 3 DMM) and 2 biphasic MM (sarcomatoid area
accounting for at least 80%). Tumors arose from the pleura in
16 patients and the peritoneum in one patient. All cases
showed diffuse pleural/peritoneal thickening with multiple
nodules. All the cases of pleural SMM underwent biopsy for
pathologic diagnosis, and one case of peritonecal SMM
underwent surgery. Given that the spindle cell type was al-
most common type of SMM, we selected 12 cases of LSC
with mainly spindle cell carcinoma components. All the cases
arose from lung parenchyma and were treated with surgery.
All cases of OP exhibited varying degrees of pleural thicken-
ing, and neoplastic lesions were excluded according to the
clinical course.
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Expression levels of markers for SMM and LSC

Microscopically, both SMM and LSC cases showed diffuse
proliferation pattern of atypical spindle cells (Fig. 1A, D).
GATAS3 was expressed in 12 cases (70.6%) of SMM, includ-
ing 7 cases (41.2%) showing diffuse expression (Fig. 1B),
whereas 2 cases (16.7%) of LSC showed partial expression
(Fig. 1E). Calretinin was expressed in 9 cases (52.9%) of
SMM, including 6 cases (35.4%) showing diffuse expression
(Fig. 1C), whereas 1 case (8.3%) of LSC showed partial ex-
pression (Fig. 1F). WT-1 was expressed in 11 cases (64.7%)
of SMM, including 5 cases (29.4%) showing diffuse staining,
whereas 11 of 12 LSC cases showed diffuse cytoplasmic
staining, and none nuclear expression (Fig. 1G). There were
no significant differences between SMM and LSC with re-
spect to D2-40 (47.1% vs. 16.7%, p = 0.126), CK5/6
(35.3% vs. 25.0%, p = 0.694), and CKpan (88.2% vs.
100.0%, p = 0.498) staining (Table 1).

Sensitivity and specificity of marker combinations to
differentiate SMM from LSC

The levels of calretinin, WT-1, and GATA3 in SMM and LSC
differed significantly (p < 0.05). The sensitivities of calretinin,
WT-1, and GATA3 for SMM were 52.9%, 64.7%, and
70.6%, respectively, and their specificities for distinguishing
SMM from LSC were 91.7%, 100%, and 83.3%, respectively.
The specificity of any two of these three markers showing
simultaneous positivity for SMM reached 100%. The sensi-
tivity of calretinin+/WT-1+ staining for SMM was 23.5%,
which increased to 64.7% after including GATA3 (Table 2).

Marker levels in OP

Microscopically, all OP cases exhibited dense irregular prolif-
eration of slender or fibroblastic like spindle cells (Fig. 2A).
All the cases were negative for GATA3 and calretinin, includ-
ing with weak expression of GATA3 (2 cases) and calretinin
(2 cases) in very small number of cells (Fig. 2B,C). All the

cases of OP showed partial or diffuse expression of WT-1,
D2-40, and CKpan, and CK5/6 was not expressed in any cases
(Fig. 2D-F). Furthermore, there were significant differences
in GATAS3 and calretinin staining (p < 0.05), but not between
WT-1 and CK5/6 staining (p > 0.05), between SMM and OP
cases. D2-40 was expressed in 8 cases (47.1%) of SMM,
whereas all the cases (100%) of LSC showed partial or diffuse
expression (Table 1). The detail immunohistochemical results
in the supplementary material 1.

Discussion

Differentiating SMM from LSC is challenging as the
histomorphological features are extremely similar.
Marchevsdy et al. [5] proposed an evidence-based criteria
for the differential diagnosis between SMM and LSC. As they
noted, the two can be identified by mesothelial and epithelial
markers (claudin 4, TTF-1, and Ber-EP4) in some cases; how-
ever, in fact, a number of SMM and LSC cases express
cytokeratin only [1]. Pleura is the almost common site of
SMM, and unique growth patterns, such as diffuse thickening
of the pleura and multiple pleural nodules, are significant ref-
erence features for MM diagnosis [1, 5]. However, a small
number of lung cancers, metastatic carcinomas, and sarcomas
can also present “pseudomesotheliomatous” growth on chest
computed tomography findings [6].

As a specific marker for breast cancer and bladder cancer,
GATA3 is often used for the differential diagnosis of pleural
tumors [7]; however, we have observed that GATA3 is often
expressed in MM. A large study of 2500 samples conducted
by Miettinen et al. [8] found that in addition to breast and
bladder cancers, a high percentage of skin and skin adnexal
tumors (81-100%), pancreatic ductal carcinomas (37%), germ
cell tumors (40—100%), kidney cancers (2-51%), and MMs
(58%) expressed GATA-3. Lymphocytes are a good internal
control for GATA3 expression, and the tumor cells of SMM
usually stain less intensely than lymphocytes. In the present
study, we found that 70.6% of SMM cases expressed GATA3,

Table 1 Markers expression in

SMM, LSC, and OP Marker SMM (n = 17) (%) LSC (n = 12) (%) OP (n="17) (%) p* P
GATA3 12 (70.6) 2(16.7) 0 0.008 0.005
Calretinin 9 (52.9) 1(8.3) 0 0.019 0.022
WT-1 11 (64.7) 0 7 (100) 0.000 0.130
D2-40 8 (47.1) 2(16.7) 7 (100) 0.126 0.022
CK5/6 6 (35.3) 3(25.0) 0 0.694 0.130
CK 15 (88.2) 12 (100) 7 (100) 0.498 0.498

*Values represent significantly different positive staining, SMM vs. PSC (Fisher’s exact test)

Values represent significantly different positive staining, SMM vs. OP (Fisher’s exact test)

SMM, sarcomatoid malignant mesothelioma; LSC, lung sarcomatoid carcinoma; OP, organizing pleuritis
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Fig. 1 H&E and IHC staining in sarcomatoid malignant mesothelioma
(A—C) and lung sarcomatoid carcinoma (D-G). A H&E staining of
sarcomatoid malignant mesothelioma showed atypical spindle cells
arranged in a fascicular pattern. B Tumor cells showed diffuse nuclear
staining for GATA3. C Nucleoplasmic staining for calretinin. D H&E
staining of lung sarcomatoid carcinoma showed atypical spindle and/or

and approximately 40% of those cases showed diffuse expres-
sion. Berg et al. [9] reported that the sensitivity of GATA3 for
SMM was 100% but also suggested that the absence of
GATA3 expression did not support a diagnosis of SMM.
Nevertheless, in the present study, we found that 29.4% of
SMM cases did not express GATA3, whereas 16.7% of
LSC cases did (with 20-30% GATA3+ cells). The specificity
of GATA3 expression for distinguishing SMM from LSC was
83.3%, which suggested that GATA3 cannot be used indepen-
dently to distinguish the two diseases. Recently, Prabhakaran

Table 2 Reference values of markers and their combinations for
differential diagnosis of SMM and LSC
Marker Sensitivity Specificity
Calretinin 52.9% 91.7%
WT-1 64.7% 100%
GATA3 70.6% 83.3%
Positive for >2 markers
Calretinin and WT-1 23.5% 100%
GATA3, Calretinin and WT-1 64.7% 100%

SMM, sarcomatoid malignant mesothelioma; LSC, lung sarcomatoid
carcinoma
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polygonal cells proliferating in the lung parenchyma. E GATA3 staining
was strongly positive in lymphocytes and negative in tumor cells. F
Tumor cells showed focal nucleoplasmic staining for calretinin. G

Diffuse cytoplasmic staining, but not nuclear staining, was seen for
WT-1

et al. [10] examined GATA3 expression in 149 cases of MM,
including 40 cases of SMM. They found that 72% of SMM
cases expressed GATA3, which is consistent with our results.

CKpan is an important marker for distinguishing SMM
from sarcomas; however, previous studies have reported that
7% to 30% of SMMs are negative for CKpan [2, 11]. It is
challenging to distinguish CKpan-negative SMM cases from
sarcomas, especially synovial sarcomas, because most syno-
vial sarcomas express CK and even express calretinin (52—
79%) and GATA3 (20%) [8, 12, 13]. In the present study,
we found that 11.8% of the SMM cases were negative for
CKpan. For these cases, after extensive IHC analysis and mo-
lecular testing combined with consideration of imaging data
and clinical experience, we fully excluded other sarcomas and
eventually reached a diagnosis of SMM.

The expression rate of calretinin is significantly lower in
SMM (31-77.8%) than in epithelioid MM, and the pattern of
expression is mostly focal [2, 11]. Calretinin localizes to the
nucleoplasm in MM but shows nonspecific cytoplasmic stain-
ing in various tumors [14]. Kushitani et al. [14] found that
66.7% of LSC cases expressed calretinin, although their de-
scription indicated that most cases showed staining in the cy-
toplasm of tumor cells. Lucas et al. [2] reported that 60% of
LSC cases expressed calretinin; however, a detailed evalua-
tion of their figures revealed that calretinin was mainly



Virchows Arch (2021) 479:257-263

261

/.,.),/, /{ /s
/\ ﬁ’/rl

,‘ /.//;
.f
7

L///’ 51«,

(LA 2L

Fig.2 H&E staining and imrnunostaining in organizing pleuritis. A H&E
staining showed dense proliferation of spindle cells, and mitotic figures
were observed. B GATAS3 staining was strongly positive in lymphocytes
and negative in spindle cells. C Spindle cells showed diffuse cytoplasmic

localized to the cytoplasm of tumor cells, and there was inde-
terminate focal staining or an absence of clear staining of the
nucleus. The criterion for positive staining in the present study
was definite nuclear staining, and we determined calretinin
expression rates in SMM and LSC cases of 52.9% and
8.3%, respectively, and the difference between the two groups
was significant. Additionally, the specificity of calretinin for
distinguishing SMM from LSC reached 91.7%.

Previous studies have reported that the WT-1+ rate in
SMM ranges from 10 to 41.7% [2, 3]. Kushitani et al. [14]
reported that 44.4% of LSC and 47.0% of sarcomas expressed
WT-1; however, their findings indicated that WT-1 was
expressed in the cytoplasm of tumor cells in all cases. We
considered obvious nuclear staining as a positive result and
found a 64.7% positivity rate for WT-1 expression in SMMs.
Among the 12 LSC cases, 11 showed diffuse cytoplasmic
positivity with no staining of nuclei. Furthermore, the speci-
ficity for WT-1 in distinguishing SMM from LSC reached
100%.

D2-40 is mostly localized to the cell membrane in epithe-
lioid MMs and to the cytoplasm in SMMs [15]. However, we
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staining for calretinin, with indeterminate nuclear staining in a very small
number cells. D Diffuse nuclear staining was seen for WT-1. E Diffuse
cytoplasmic staining was seen for D2-40 F and CKpan

have often observed nonspecific D2-40 expression in the fi-
brous stroma; therefore, D2-40 localization in SMM can be
difficult to discriminate and potentially lead to erroneous con-
clusions [13]. In the present study, we found that D2-40 ex-
pression did not differ significantly between SMMs (47.1%)
and LSCs (16.7%), suggesting its limited value for
distinguishing the two diseases. Additionally, we found that
the CK5/6+ rate was low in SMMs, and CK5/6 was also
expressed in some LSC cases, suggesting its limited value
for distinguishing the two diseases.

The results showed that combined positivity for calretinin,
WT-1, and GATA3 was optimal for distinguishing SMM
from LSC, suggesting that analysis of biopsy specimens tested
with antibodies targeting these three markers can effectively
prevent misdiagnosis. The specificity associated with simul-
taneous positive staining for >2 of these antibodies in SMM
cases was 100%. Moreover, the sensitivity of calretinin+/WT-
1+ staining for SMM (23.5%) was low but increased to 64.7%
after including GATA3.

Because DMM comprises mainly a significantly collagenic
stroma with only a few interspersed tumor cells, it is difficult
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to distinguish DMM from OP [16]. OP is often accompanied by
pleural thickening along with densely proliferating spindle cells
and can present with obvious cell atypia and mitotic figures.
The presence of an invasive growth pattern is key to
distinguishing these two lesions; however, growth patterns usu-
ally cannot be evaluated in small biopsy specimens. Therefore,
mesothelial markers have important utility for distinguishing
the two diseases. We routinely find that spindle cells in OP
express mesothelial markers, such as WT-1; however, to the
best of our knowledge, this has not been investigated to date.
In all 7 cases of OP in the present study, the spindle cells
showed partial or diffuse expression for CKpan, WT-1, and
D2-40 and simultaneous expression of two to three of these
markers. Therefore, staining using antibodies targeting these
markers could potentially lead to misdiagnosis. We found that
one of the three DMM cases (33.3%) expressed calretinin, and
three of the seven OP cases showed cytoplasmic staining.
Therefore, calretinin is a good marker for distinguishing
DMM from OP when definite nuclear staining is positive.
Additionally, we found that GATA3 could effectively distin-
guish DMM cases from OP cases. However, the tumor cells in
DMM are small; therefore, careful assessment should be per-
formed to distinguish them from squeezed lymphocytes when
evaluating GATAS3. In the present study, all the DMM cases
showed nuclear staining in most tumor cells for GATA3; how-
ever, all the OP cases were negative. This result suggests that
diffuse GATA3 nuclear staining supports a diagnosis of DMM.
Recently, Prabhakaran et al. [10] also examined GATA3 ex-
pression in 10 cases of fibrous pleuritis and found that all cases
were negative. However, due to the small number of OP cases,
further clarification with more cases is needed.

We found that GATA3 effectively distinguished SMM
from LSC cases; however, the expression of GATA3 in other
sarcomas or sarcomatoid carcinomas is currently unknown
due to the paucity of relevant studies. The reported positivity
rate of GATA3 in bladder sarcomatoid carcinoma is 31%;
therefore, metastatic sarcomatoid carcinoma, especially from
the bladder and breast, needs to be excluded in GATA3+ cases
[17]. Additionally, Miettinen et al. [8] found that some sarco-
mas expressed GATA3 (clone L50-823) but at generally low
rates (0-20%), whereas Haraguchi et al. [18] found high rates
of GATAS3 (clone D13C9) expression in various sarcomas,
which signified poor prognosis.

Recently, a few researches have shown that BRACAI-
associated protein 1 (BAP1) is a useful marker for differential
diagnosis of MM. BAP1 is typically used to differentiate MM
from reactive mesothelial cells or other malignancy [4, 19].
However, BAP1 loss is more frequent in epithelioid and bi-
phasic mesothelioma (32-82%) compared with the
sarcomatoid subtype (0—12%); therefore, the value of BAP1
in the differential diagnosis of SMM is limited [4, 10].

In conclusion, we identified GATA3 as an excellent IHC
marker for SMM, and combining GATA3 with calretinin and
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WT-1 produced the best method for distinguishing SMM
from LSC. Moreover, CKpan, WT-1, and D2-40 had no utility
for distinguishing SMM from OP, while GATA3 and
calretinin were the most specific markers for distinguishing
these two diseases.
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