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Signet ring cell mesothelioma is a rare variant of epithelioid mesothelioma with limited cases published. It has a
male predilection and most commonly occurs on pleura; it can also arise in the peritoneal cavity. The signet ring
cell morphology can pose a challenge leading to a potential diagnostic error. A variety of benign and malignant
diseases, including reactive histiocytic hyperplasia, adenocarcinoma, melanoma, and lymphoma with signet ring
cell morphology should be considered in the differential diagnosis. In signet ring cell mesothelioma work up,
mucin stains are of limited value. Even though immunohistochemistry is routinely used in mesothelioma di-

agnosis, there is no sole specific mesothelial marker. Hence, a panel of mesothelial and epithelial markers are
used; these should be interpreted with caution especially in this variant. Electron microscopy and genetic testing
can be very helpful in distinguishing signet ring cell mesothelioma from its mimickers.

1. Introduction

Malignant mesothelioma (MM) is a neoplasm occurring on serosal
surfaces, such as pleura, peritoneum, pericardium, ovary, and tunica
vaginalis of testes. According to the 2015 World Health Organization
classification [1], MM can be subtyped into four categories: epithelioid,
sarcomatoid, desmoplastic, and mixed type (biphasic), the most
common which is epithelioid. A few vacuolated cells with signet ring
like morphology are not uncommon in epithelioid mesothelioma;
however, excessive signet ring like cells in epithelioid mesotheliomas
are extremely rare and have been sub-classified as signet ring cell me-
sothelioma [2]. In 2003, Cook et al. published the first case report on
signet ring cell mesothelioma. Thus far due to rarity, signet ring cell
variant mesothelioma has had limited cases reported [3-7].

There are well established cytomorphological features to differ-
entiate mesothelial cells, including reactive and malignant types from
carcinoma cells and macrophages [8]. However, mesothelioma with
signet ring cell features can be a diagnostic challenge since it mor-
phologically mimics many benign and malignant diseases, pre-
dominantly signet ring cell adenocarcinoma from lung, stomach, breast,
colon, and urinary bladder. Herein, we provide an overview of malig-
nant signet ring cell mesothelioma, its differential diagnosis, and an-
cillary studies with emphasis on diagnostic pitfalls.

* Corresponding author.
E-mail address: huw546@usask.ca (H. Wang).

https://doi.org/10.1016/j.prp.2019.152462

2. Clinical and pathological features of signet ring cell
mesothelioma

Mesothelioma with signet ring cell variant is a rare tumor that most
commonly seen on pleura; can also arise from the peritoneum. Signet
ring cell mesothelioma demonstrates a male predominance and has
been seen in patients with asbestos exposure and/or smoking history
[3]. However, there is no clear evidence showing occupational asbestos
exposure or smoking increases the risk of its development. To date, only
27 cases of signet ring cell mesotheliomas are reported in the English
literature, with 23 cases [3-5] being pleural and four cases [3,6,7]
being of peritoneal origin. 23 patients were men [3-5,7], and four
patients were women [3,6]. 13 patients [3,7] had a history of asbestos
exposure and 17 patients were smokers [3,7]. The most common clin-
ical manifestations of signet ring cell mesothelioma are unexplained
recurrent pleural or peritoneal effusion, chest pain, and weight loss.
Common radiological findings include pleural or peritoneal plaques and
calcification. Similar to other variants of MM, combined surgery with
chemotherapy and/or radiation therapy is the common management of
signet ring cell mesothelioma. Extra-pleural pneumonectomy, dec-
ortication, and tumor debulking are usual surgical procedures, followed
by chemo- and/or radiation therapy [3,5,6]. Prognosis of signet ring
cell mesothelioma is poor. The median survival is 15 months post-di-
agnosis [3].

Grossly, pulmonary signet ring cell mesothelioma diffusely involves
visceral and parietal pleura. Invasion of adjacent structures, such as
lung parenchyma, diaphragm, chest wall, and pericardium, can be
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Fig. 1. Signet ring cell mesothelioma in effusion cytology (A, ThinPrep, objective magnification x 40) and cell block (B, hematoxylin-eosin, objective magnification
% 40). The epithelioid cells contain large intra-cytoplasmic vacuoles and displaced nuclei. Tumor cells with aberrant BerEP4 expression (C, objective magnification

x 20).

observed [3]. Lymph node metastasis is common [3]. Signet ring cell
mesothelioma in the peritoneum may involve omentum, mesentery,
and pelvic organs [3,6,7].

Exfoliated cytology is usually the initial specimen for signet ring cell
mesothelioma workup. The smears are cellular and show a relatively
monomorphic population of dis-cohesive epithelioid cells. The cells
have large clear intracytoplasmic vacuoles and distorted nuclei dis-
placed to the periphery of the cells showing irregular crescent form. The
cytoplasm shows thick cyanophilic, finely vacuolated endoplasm and
thin ectoplasm with lacy borders giving a two-tone appearance (Fig. 1A,
B). Multinucleation and mitosis can be prominent. Occasionally cell in
cell and cell hugging can be noted.
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Biopsies show infiltrative tumor cells arranged in sheets, cords, tu-
bules, and pseudopapillae usually in a myxoid background (Fig. 2A).
The tumor cells are with clear to eosinophilic cytoplasmic vacuoles and
displaced nuclei. The nuclei are often distorted and variably indented
and frequently exhibiting sickle or crescent shape (Fig. 2B). On occa-
sion, cells may have two or more nuclei. Most signet ring cells contain
clear vacuoles but some of the vacuoles contain bluish granular mate-
rial.

3. Differential diagnosis and ancillary studies

The signet ring cells indicate cells with intracytoplasmic vacuoles

Fig. 2. Signet ring cell mesothelioma with myxoid background infiltrates omentum (A, hematoxylin-eosin, objective magnification X 4; B, hematoxylin-eosin,
objective magnification x 20). Tumor cells with positive CK7 (C, objective magnification x 20), Calretinin (D, objective magnification x 20) and WT-1 (E, objective

magnification x20).
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and eccentric nuclei. Those cells can be benign or malignant. The be-
nign signet ring cells in effusion cytology are most often macrophages
and degenerate mesothelial cells [6]. In contrast, the malignant signet
ring cells can be adenocarcinoma or malignant mesothelial cells. Ma-
lignant signet ring cells usually have distorted hyperchromatic nuclei
with crescent or sickle shape.

The commonest benign differential for signet ring cell mesothelioma
is reactive histiocytic proliferation due to its site of origin and cellular
morphology. Reactive histiocytic proliferation is a rare benign lesion
that has been reported in mesothelial and non-mesothelial lined sites,
with the most common sites are pleura, pericardium, peritoneum and
hernia sac [8-10]. Morphologically this lesion contains an aggregation
of histiocytes with moderate to abundant cytoplasm, lobulated nuclei
and small prominent nucleoli. Mitosis can be seen [11]. It was pre-
viously described and considered as nodular mesothelial proliferation
or mesothelial cells with malignant potential. Negative stain with cy-
tokeratin and strong positivity for macrophage lineage markers CD68
and/or CD163 confirm the signet ring cells in this lesion are histiocytes,
instead of mesothelial cells or any other signet ring cell malignancy
[8,9].

Further differential diagnoses of signet ring cell mesothelioma in-
clude a group of neoplasms with signet ring cell morphology. Metastatic
signet ring cell adenocarcinomas, which can be originated from lung,
breast, urinary bladder, ovary, and gastrointestinal (GI) tract such as
stomach, pancreaticobiliary and colon, are at the top of the differential
list. Unfortunately, among reported cases, three signet ring cell me-
sothelioma cases were initially misdiagnosed as metastatic adeno-
carcinoma [5-7]. In the case reported by Cook et al. [7], the patient
presented with abdominal pain and ascites with ultrasound showing a
thickened gastric wall. Even though gastric adenocarcinoma was sus-
pected, multiple gastric biopsies showed no evidence of malignancy.
Eventually, the diagnosis of signet ring cell mesothelioma was made at
the post-mortem examination [7]. Hence, pathologists should be aware
of the morphological and ancillary study pitfalls of signet ring cell
mesothelioma in order to avoid diagnostic errors.

Mucin histochemistry can be the initial attempt to differentiate MM
from adenocarcinoma. Usually, the large cytoplasmic vacuoles present
in signet ring mesothelial cells are negative for mucicarmine or Alcian
blue [7]. However, the vacuoles in mesothelial cells may contain hya-
luronic acid, which is positive for mucicarmine and Alcian blue.
Therefore, mucicarmine and Alcian blue are not recommended for
distinguishing mesothelioma from adenocarcinoma. Diastase-resistant
periodic acid-Schiff (PAS-D), which highlights the neutral mucin, is
another well-accepted mucin stain. PAS-D positivity strongly supports
the diagnosis of adenocarcinoma, while the negativity indicates the
diagnosis of mesothelioma. Nevertheless, “mucin-positive” epithelioid
mesothelioma in both pleura and peritoneum has been reported
[7,13,14]. The aberrant PAS-D positivity in mesothelioma is a potential
cause of misdiagnosis. Thus, the utility of mucin histochemistry is
limited in mesothelioma diagnosis and usually only applicable when
IHC is indeterminate.

IHC panel including at least two epithelial markers and two me-
sothelial markers are regularly applied in mesothelioma diagnosis. The
commonly used epithelial markers are BerEP4, B72.3, and claudin 4;
and mesothelial markers are calretinin, WT-1, podoplanin (D2-40), and
CK5/6 [12]. Literature show that signet ring cell mesothelioma is po-
sitive for calretinin, CK5/6, CK7, mesothelin, WT-1, and podoplanin;
negative for BerEP4, MOC-31, CEA, B72.3, and additional specific
adenocarcinoma markers, such as TTF-1, Napsin A, keratin 20, or CDX2
[3-71.

BerEP4 is an epithelial membrane glycoprotein and a sensitive
marker for carcinoma. About 95-100% of lung adenocarcinoma and
greater than 98% of pancreatic and gastric carcinoma are strongly po-
sitive for BerEP4. However, it cross reacts with mesothelial cells and
stains about < 20% of pleural MM and 9-13% of peritoneal MM [12].
The mesothelial cells may have strong positive membranous stain with
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BerEp4 (Fig. 1C) and cause misdiagnosis. B72.3 labels tumor-associated
glycoprotein 72 and is positive in 75-85% of lung adenocarcinoma and
84-98% of pancreaticobiliary and GI adenocarcinoma. Very few MM
(0-3% of peritoneal MM) have an expression of B72.3 [12]. It is notable
that Claudin-4, a tight junction-associated protein, is expressed in most
epithelial cells; but has not been reported to react with mesothelial
cells. It is a highly sensitive and specific IHC marker distinguishing
metastatic carcinoma from epithelioid mesotheliomas [15,16]. Claudin-
4 should be used as the primary marker in effusion cytology and small
biopsies that contain limited material to avoid extensive IHC workup.

CK7 is positive in mesothelioma (cytoplasmic pattern, Fig. 2C) and
signet ring cell carcinoma from lung, breast, stomach, urinary bladder,
and ovary. Thus, CK7 is a non-specific IHC marker differentiating me-
sothelioma from carcinoma. Calretinin is a very useful mesothelial
marker and demonstrates in almost all epithelioid mesotheliomas (both
nuclear and cytoplasmic pattern, Fig. 2D). But it is also expressed in
15% of breast adenocarcinomas and 4-18% of pulmonary adenocarci-
noma [17]. WT-1 is positive in 75-95% of pulmonary MM and 43-93%
of peritoneal MM (nuclear pattern, Fig. 2E). It has no cross-reaction
with lung and pancreatic carcinoma and expressed in up to 3% of
gastric adenocarcinoma [12]. Podoplanin is a highly sensitive me-
sothelial marker that demonstrates positivity in 90-100% of pleural
MM and 93-96% of peritoneal MM. It is expressed in less than 15% of
lung adenocarcinoma [12]. CK5/6 is a useful marker due to its posi-
tivity in 75-100% of pleural MM and 53-100% of peritoneal MM [12].
Nevertheless, up to 20% lung adenocarcinoma and 38% of pancreatic
adenocarcinoma have an expression of CK5/6 [12]. Therefore, no single
mesothelioma marker should be used alone due to the limitation. The
panel of epithelial and mesothelial staining can be confusing and mis-
leading and should be interpreted with caution.

GATA3 is a common marker used in breast and urothelial carcinoma
diagnosis. It is important to be aware that GATA3 is positive in the
majority (50%-89%) of MM, with some cases showing strong and dif-
fuse positivity [18]. Thus, the utility of GATA3 is limited when the
differential diagnosis includes breast or urothelial carcinoma.

Signet ring cell melanoma, even though rare, is a great mimicker of
signet ring cell mesothelioma. S-100, Melan A, and HMB45 are markers
labeling melanoma. In the study done by Zenali et al., all epithelioid
mesothelioma cases (12/12) demonstrated strong positive Melan-A
expression [19]. Melan A should be used with caution in differentiating
MM from metastatic melanoma to avoid the potential diagnostic pitfall.

Signet ring cell lymphoma, a rare variant of non-Hodgkin lym-
phoma, occurs in broad anatomic sites and can be present in effusion
cytology and fine needle aspiration (FNA) smears. It contains malignant
lymphocytes with intra-cytoplasmic vacuoles and displaced nuclei. The
nature of intra-cytoplasmic vacuoles is uncertain. It may be im-
munoglobins that forming eosinophilic globules or membrane bound
spaces derived from multivesicular bodies [20]. Signet ring cell lym-
phoma can be distinguished by being negative for cytokeratin, mucin
stains, and mesothelial markers, and positive for lymphocytic markers
[20]. Immunofluorescence technique can demonstrate im-
munoglobulins in FNA smears and is a rapid method distinguishing
signet ring cell lymphoma from mesothelioma [21].

Electron microscopic study exhibits that signet ring cell morphology
in mesothelioma is due to single or multiple intra-cytoplasmic lumina,
which is lined by delicate microvilli or a layer of electron-dense ma-
terial [3,7]. The size of the cytoplasmic lumina increases gradually and
displaces the nucleus to the periphery of the cell [3]. Interestingly,
somesignet ring cells do not contain cytoplasmic lumina, but markedly
dilated intercellular space between two adjacent cells. In that case,
binucleation can be observed if two nuclei are in the same plane of
section [3]. On the other hand, signet ring cell adenocarcinoma consists
of many mucin granules in the cytoplasm, with or without intra-cyto-
plasmic lumina [3]. Hence, electron microscopy is very helpful in signet
ring cell mesothelioma diagnosis.

The most common genetic alteration of MM is homozygous deletion
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of the 9p21 locus within a cluster of genes that includes cyclin-depen-
dent kinase inhibitor (CDKN)-2A, CDKN2B, and methylthioadenosine
phosphorylase (MTAP) [22,23]. Studies demonstrated that pl6/
CDKN2A deletions were detected in up to 70% of primary pleural
epithelioid mesotheliomas and up to 20% of peritoneal mesothelioma
[24,25]. To date, the presence of this homozygous deletion is highly
specific in MM as it has not been reported in any of the benign lesions.
The fluorescence in situ hybridization (FISH) assay is a reliable method
of detecting p16/CDKN2A deletions. IHC is not recommended since the
loss of p16 protein expression does not always correlate with p16 de-
letion. The presence of pl6 protein may be observed in p16/CDKN2A
deletion, while the absence of p16 protein may be found with intact
pl6/CDKN2A [26].

The tumor suppressor gene BRCA-associated protein 1 (BAP1) is
located at 3p21 and modulates calcium-mediated apoptosis. BAP1
mutation results in the accumulation of DNA-damaged cells and greater
susceptibility to develop malignancy [27]. Germline or sporadic BAP1
mutation is commonly identified in MM [27-29]. Loss of nuclear
staining of BAP1 by IHC is the most reliable method of evaluating BAP1
mutation [27]. The study showed negative BAP1 staining in 57% me-
sotheliomas in effusion cytology [29]. Therefore, the absence of nuclear
stain of BAP1 can be supportive evidence of mesothelioma diagnosis in
effusion cytology.

4. Conclusion

Signet ring cell mesothelioma is an entity that may cause a diag-
nostic error because it morphologically mimics reactive histiocytic
hyperplasia, signet ring cell adenocarcinoma, melanoma, and lym-
phoma. Hence, pathologists should be aware of the diagnostic pitfalls of
signet ring cell mesothelioma. Due to its rarity, only limited cases have
been reported and ancillary studies play an important role in its diag-
nosis. Mucin stain is of limited value as mucin-positive malignant me-
sothelioma has been observed. All mesothelial cell markers cross-react
with other malignancies and should be interpreted with caution.
Claudin-4 is highly recommended since it is positive in most epithelial
cells and does not react with mesothelial cells. Furthermore, electron
microscopy study demonstrates that signet ring cell mesothelioma
contains single or multiple intra-cytoplasmic lumina; differenced from
adenocarcinoma that has intra-cytoplasmic mucin granules. FISH assay
of detecting p16/CDKN2A deletion and IHC of the absence of BAP1
nuclear stain can be used as supportive evidence in mesothelioma di-
agnosis.
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