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Clear cell carcinoma (CCC) is a rare entity in the salivary gland tumor. So far, only 10 cases of primary CCC of the buccal mucosa
have been reported. Here, we first report an extremely rare case of buccal CCC with the EWSR1-CREM fusion gene. The patient, a
69-year-old woman, presented with a painless mass in the right buccal mucosa. The tumor, which had been present for about 10
years, measured approximately 15mm in diameter and was pedunculated, elastic hard, smooth, and mobile. Histopathological
examination revealed proliferating tumor cells with vacuolated and clear cytoplasm partially surrounded by hyalinized stroma.
The tumor was not encapsulated, and no contact with the overlying epithelium was evident. Duct-like structures were
occasionally observed in the tumor nests composed of clear cells. The tumor had invaded into surrounding muscle and adipose
tissues. Immunohistochemical examination revealed that the clear cells were positive for epithelial cell markers, and
myoepithelial markers were negative. Fluorescence in situ hybridization (FISH), performed to search for genetic abnormalities,
demonstrated split positivity for EWSR1, and fusion with CREM was confirmed. These findings suggested a diagnosis of CCC.

1. Introduction

Clear cell carcinoma (CCC) is an epithelial malignant tumor
that arises in the salivary glands. CCC in the salivary glands
was first reported in 1994 by Milchgrub et al. [1], who
described a low-grade salivary gland carcinoma composed
of malignant cells with clear cytoplasm, with hyalinization.
CCC has a squamoid phenotype and lacks certain features
of other clear cell-rich salivary gland carcinomas. It is more

common in women, typically presenting in the fifth to
eighth decades of life, and rare in children [2]. CCC is rare
and accounts for fewer than 1% of all malignant tumors in
the salivary glands. It occurs most frequently in the intraoral
minor salivary glands, the palate, and the base of the tongue
and less frequently in the buccal mucosa [3]. CCC most
commonly presents as swelling and may be ulcerated or
associated with pain, bone invasion, and soft tissue fixation
[2]. Histopathologically, CCC is composed of proliferating
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epithelial cells with clear cytoplasm organized into trabecu-
lae, cords, or solid nests surrounded by hyalinized stroma
[1]. However, differential diagnosis can be difficult because
the microscopic features of CCC frequently overlap with

those of other salivary gland tumors and metastatic renal cell
carcinoma [3]. EWSR1-ATF1 fusion specific for CCC can be
evaluated by RT-PCR as hallmark markers, but in our case,
EWSR1-ATF1 fusion was not detected. To our knowledge

(a) (b)

Figure 1: Intraoral appearance of the buccal mucosa and CT image. (a) The mucosal epithelium was normal in color with a smooth surface.
There was no induration around the tumor (black arrow). (b) CT (axial view) showed an enhanced lesion on the anterior portion of the right
palatoglossal arch (yellow arrow).

(a) (b) (c)

(d) (e) (f)

Figure 2: Microscopic and survey view of the surgical resected specimen. (a) Resected specimen measuring 18 × 12 × 14mm. (b, c) The
tumor demonstrated proliferation of tumor nests with a fibrous stroma. There was no capsule and no contact with the covering
epithelium. (d) The tumor had invaded into surrounding muscle and adipose tissues. (e, f) The tumor nests were composed of
epithelioid and clear cells partially surrounded by hyalinized stroma. Features suggestive of transition between the two cell types were
observed (HE; original magnification: (b) ×1, (c) ×20, (d, f) ×40, and (e) ×100).
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there are previously 3 reported cases of hyalinizing clear cell
carcinomas of EWSR1-CREM fusion [4]; as an additional
case report in the literature, here, we first report a very rare
case of buccal CCC with the EWSR1-CREM fusion gene.

2. Case Report

A 69-year-old woman presented with a mass in the right
buccal mucosa that had been present for about 10 years
and untreated because of absence of any pain.

However, as it showed no tendency to improve, and
the swelling worsened, she visited a local dentist at first.
She was then referred to the Meikai University Hospital
for detailed examination and treatment. At the first visit,
examination of the oral cavity demonstrated a mass mea-
suring 15 × 10mm in the right buccal mucosa on the
anterior portion of the lobular polypoid palatoglossal arch
(Figure 1(a)). The mucosal epithelium was normal in color
with a smooth surface. There was no induration around
the tumor. CT showed an enhanced lesion on the anterior
portion of the right palatoglossal arch (Figure 1(b)). Surgi-
cal excision of the tumor was performed under local anes-
thesia. The surgical specimen measured 18 × 12 × 14mm
(Figure 2(a)). Histopathologically, the tumor showed pro-
liferation of tumor nests with fibrous stroma. There was
no capsule and no contact with the covering epithelium

(Figures 2(b) and 2(c)). The tumor invaded surrounding
structures such as muscle and adipose tissue (Figure 2(d)).

The tumor nests were composed of epithelioid and clear
cells with partially hyalinized stroma (Figures 2(e) and 2(f)).
Mitotic figures were rarely evident, and transition between
the two cell types was observed in part (data not shown).

Intracytoplasmic fine granules were positive for periodic
acid-Schiff (PAS) and were negative for diastase-sensitive
PAS (Figures 3(a) and 3(b)). The contents of duct-like struc-
tures were positively stained by mucicarmine and Alcian
blue, but mucus-producing cells were not evident in the
tumor nests (Figures 3(c) and 3(d)). Immunohistochemi-
cally, the tumor cells were strongly positive for AE1/AE3
(Figure 4(a)), CK5/6, and p63 (Figure 4(b)), but negative
for α-SMA and S100 (Figure 4(c)), and Ki-67-positive cells
were rarely found in the tumor nests (Figure 4(d)). The
EWSR1-ATF1 fusion gene could not be detected by reverse
transcription polymerase chain reaction (RT-PCR) in the
present case. RT-PCR also failed to detect the CRTC1/3-
MAML2 fusion gene, which is specific for mucoepidermoid
carcinoma. Using bacterial artificial chromosome clone-
derived DNA probes for EWSR1 and CREM (the names of
BAC clones used will be provided upon request), fluores-
cence in situ hybridization (FISH) analysis revealed the
presence of EWSR1-CREM (Figures 5(a)–5(c)). These find-
ings suggested a diagnosis of CCC with CREM fusion instead
of ATF1 fusion.

(a) (b)

(c) (d)

Figure 3: Special stains: (a) PAS, (b) d-PAS, (c) mucicarmine, and (d) Alcian blue. PAS stain shows positive cytoplasmic red material in
the clear cells, but PAS with diastase stain was negative, suggesting the presence of glycogen. The contents of duct-like structures were
positively stained by mucicarmine and Alcian blue, but mucus-producing cells were not evident in the tumor nests ((a–d) original
magnification ×200).
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3. Discussion

CCC is a low-grade malignancy with a good prognosis after
complete surgical excision. Local recurrence and nodal
metastases may occur, but distant metastasis and death due
to disease are rare [2]. Clinical features, staining patterns,
fusion type, pathological findings, and diagnostic methods
reported cases of CCC in the cheek or buccal mucosa are
summarized in Tables 1 and 2. The EWSR1-CREM fusion
gene has not been previously reported in CCC of the buccal
mucosa. Differential diagnosis of CCC based on histopathol-

ogy includes mucoepidermoid carcinoma, acinic cell carci-
noma, clear cell oncocytoma, epithelial myoepithelial
carcinoma, malignant myoepithelioma, and metastatic renal
cell carcinoma, all of which show a significant proportion of
clear cells [1, 5]. The clear cell variant of mucoepidermoid
carcinoma is positively stained with mucicarmine for tumor
cells, which can be very helpful for highlighting the mucous
cells and distinguishing them from other clear cell neo-
plasms [6]. Acinic cell carcinoma contains zymogen gran-
ules, which are PAS-positive and diastase resistant [7].
DOG1 and SOX10 are immunopositive in acinar and

(a) (b)

(c) (d)

Figure 4: Immunohistochemical findings: (a) pancytokeratin (AE1/AE3), (b) p63, (c) S100, and (d) Ki-67. The tumor cells were stained
intensely with cytokeratins, but not myoepithelial markers. The nuclei of the clear cells were positive for p63. Ki-67-positive cells were
rarely found in the tumor nests ((a–d) original magnification ×200).

(a) (b) (c)

Figure 5: FISH analysis: (a) EWSR1 break-apart; (b) CREM; (c) EWSR1-CREM gene fusion. EWSR1 break-apart FISH demonstrate a cell
with split red and green signals, indicative of a translocation. This case demonstrated split positivity for EWSR1, and fusion with CREM
was confirmed.
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intercalated duct cells. Acinic cell carcinoma is usually
immunonegative for mammaglobin [8]. Clear cell oncocy-
toma has a PAS-positive and diastase-PAS-negative cyto-
plasm. Unlike CCC, it is encapsulated or circumscribed,
and the clear cells have a marginal rim of cytoplasm that
retains eosinophilic granules. The tumor cells are also posi-
tively stained with phosphotungstic acid-hematoxylin and
show strong immunohistochemical staining for mitochon-
dria [9]. Epithelial myoepithelial carcinoma and malignant
myoepithelioma express S100 protein, α-smooth muscle
actin (α-SMA), and SOX10 [6, 10]. SOX10 is positive for
myoepithelial carcinoma [10]. Renal cell carcinoma shows
immunopositivity for cytokeratins, vimentin, and CD10
[6]. CCC is characterized by trabeculae, cords, or irregular
solid nests surrounded by a hyalinized stroma. The tumor
cells have clear cytoplasm and circular or polygonal nuclei
[11]. Perineural and bone invasion are common, and ducts
and gland-like spaces may be evident. CCC is positive for
CKs and p63 and negative for other myoepithelial markers.
Intracytoplasmic fine granules that give a diastase-sensitive
positive PAS reaction are present [2]. The use of special
stains and immunohistochemistry, along with careful histo-
logical examination of the tumor, in order to identify the
typical features found in each of these neoplasms, is helpful
for establishing a correct diagnosis [5]. Specific gene fusions
have been found to play a definitive role in tumorigenesis.
The 2017 WHO classification states that the EWSR1-ATF1
fusion gene can be identified in CCC [2] and is the most
reliable tool for differentiating CCC from other histologically
similar tumors. In the present case, however, it could not be
detected by RT-PCR. Furthermore, the CRTC1/3-MAML2
fusion gene characteristic of mucoepidermoid carcinoma
was not detected. FISH, performed to search for genetic
abnormalities, demonstrated split positivity for EWSR1,
and fusion with the cAMP response element modulator
(CREM) was confirmed. Recurrent gene fusions involving
EWSR1 with members of the cAMP response element bind-
ing protein (CREB) family (ATF1 and CREB1) have been
reported in a diverse group of tumors including angiomatoid
fibrous histiocytoma, soft tissue and gastrointestinal clear

cell sarcoma, primary pulmonary myxoid sarcoma, and
hyalinizing clear cell carcinoma of the salivary gland [12].
CREB can bind to a few thousand gene promoters that con-
tain CRE (cAMP response element), although it remains
unknown what fraction of these genes is also functionally
regulated upon this binding. CREM belongs to the CREB
family (ATF1, CREB1, and CREM) of transcription factors
[12]. The structure and biological functions of both CREM
and ATF-1 are similar to CREB, which forms heterodimers
with ATF-1 or CREM [13]. In the present case, EWSR1
was fused with one of the CREB family members, CREM.
To our knowledge, there are 3 reported cases of hyalinizing
clear cell carcinomas of EWSR1-CREM fusion [4], but it
has not been reported previously in buccal mucosa. The
present case of CCC shows that CREM may replace ATF1
as an EWSR 1 fusion partner. For future characterization
of tumors, molecular diagnostic assays will become increas-
ingly important in addition to the use of special staining and
immunohistochemistry.

4. Conclusion

CCC is a rare minor salivary gland tumor exhibiting low-
grade malignancy. The diagnosis of clear cells in salivary
glands can be challenging and the differential diagnosis
being quite broad. However, testing for any EWSR1 translo-
cation combined with specific histological staining may be a
new reliable method for distinguishing CCC from other sal-
ivary gland tumors. Here, we have reported an extremely
rare case of clear cell-rich salivary gland carcinoma of the
buccal mucosa.
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Table 2: Pathological findings and diagnostic methods of previously reported cheek or buccal mucosa CCC cases.

Authors
Findings

Diagnosis
Solid sheets Nests Cords Trabeculae Hyalinizing stroma Ducts and gland-like spaces

Simpson et al. [14] + + + NA + NA IHC, EMS

T Hiroki [15] + NA NA NA + + IHC, EMS

Milchgrub et al. [16] NA + + + + NA FNA

O’Sullivan-Mejia et al. [17] NA + + + + NA IHC

Solar et al. [9] + + + + + NA IHC

Onoda et al. [11] + NA + NA + NA IHC

Shah et al. [18]
+ + NA + + NA IHC, FISH

+ + NA + + NA IHC, FISH

Yamanishi et al. [3] + + + + + NA IHC, RT-PCR

Albergotti et al. [19] NA + + NA + NA FISH

Hernandez-Prera [20] + + NA + + NA IHC, FISH

Present study + + + + + + IHC, FISH
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