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Abstract
Clear cell carcinoma (CCC) is a rare low-grade malignant salivary gland carcinoma. EWSR1-ATF1 fusion has been character-
ized as a consistent finding in CCC, with breakpoints described between EWSR1 exon 11 and ATF1 exon 3. So far, over 100 
cases of CCC harboring EWSR1 rearrangement arising from salivary gland of the oral cavity have been reported. Although 
EWSR1 involvement in these cases was confirmed by EWSR1 break-apart FISH indicating the translocation, sequence analysis 
for EWSR1-ATF1 fusion type has been reported only in three cases of CCC so far. Herein, we report a CCC case with novel 
EWSR1-ATF1 fusion (EWSR1 exon 15 and ATF1 exon 5) arising in minor salivary gland and review the role of the chimeric 
variants in some malignancies with EWSR1-ATF1 rearrangement. Current tumor was composed of the small nests of clear 
tumor cells and hyalized fibrous stroma. Immunohistochemically, the tumor was positive for AE1/AE3, CK5/6 and p63, 
negative for S100, Melan-A, SMA and CD10. After 8 months of follow-up, there are no evidence of recurrence.
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Introduction

Clear cell carcinoma (CCC, also referred to as hyalinizing 
clear cell carcinoma) is a low-grade salivary gland carci-
noma composed of tumor cells with clear cytoplasm and 
with/without hyalinization [1]. In 2011, Antonescu et al. 
reported that a specific gene fusion in CCC, which was not 
present in other salivary gland tumor: EWSR1 (Ewing sar-
coma breakpoint region 1)-ATF1 (activating transcription 
factor 1) [2]. Since then, over 100 cases of CCC harbor-
ing EWSR1 rearrangement arising in the salivary gland of 
the oral cavity have been reported in the literature [2–10]. 
In these cases, EWSR1 involvements were demonstrated by 
EWSR1 break-apart FISH (fluorescence in situ hybridiza-
tion), which is a useful diagnostic tool to confirm the EWSR1 
rearrangement [2, 5]. In contrast, EWSR1 chimeric types 
were determined only in three cases by sequence analysis; 
EWSR1 exon 11 and ATF1 exon 3 fusion was observed in 
two cases, and EWSR1 exon 14 and CREB1 (cAMP response 
element binding protein 1) exon 5 fusion was observed in 
one case (Table 1) [2, 7, 9].

EWSR1-ATF1 and EWSR1-CREB1 gene fusion has been 
identified in various tumors, such as CCC, CCOC (clear 
cell odontogenic carcinoma), CCS (clear cell sarcoma), 
CCLTGT (clear cell sarcoma-like tumor of the gastrointes-
tinal tract) and so on [2, 4, 11–13]. Among these tumors, 
the variability of EWSR1 and ATF1 intronic break points 
leads to various EWSR1-ATF1 chimeric variants [11–13]. 
However, there is some morphological overlaps with clear 
cell among the tumors harboring the gene fusion [4, 11, 
13]. Herein, we report a case of CCC harboring new type 
of EWSR1-ATF1 fusion (EWSR1 exon 15 and ATF1 exon 
5) and review the role of the chimeric variants in tumors 
harboring EWSR1-ATF1 rearrangement.

Case Report

A 45-year-old woman was referred to the Osaka university 
dental hospital with a chief complaint of painless swelling in 
the right palate. The patient have noticed an increasing mass 
for approximately 4 years. The patient had no significant 
medical history. Intraoral examination revealed a solitary 
dome-shaped swelling on the right side of palate (Fig. 1a). 
Swelling was approximately 12 × 6 mm in size. An enhanced 
CT (computed tomography) revealed an ill-defined hetero-
geneous lesion without bone destruction (Fig. 1b, arrows). 
Under the provisional diagnosis of malignant salivary gland 
tumor, incisional biopsy was performed.

Histological examination revealed the proliferation of 
neoplastic epithelial cells with clear to eosinophilic cyto-
plasm. The tumor cells were arranged in nests and islands, 
which were surrounded by fibrous stroma (Fig. 2a, b). The 
tumor cells had round to oval nuclei and few mitosis. Immu-
nohistochemistry showed that the tumor cells were focally 
positive for AE1/AE3 and diffuse positive for both CK 
(cytokeratin) 5/6 and p63 (Fig. 2c–e). MIB1 (Ki67) index 
was approximately 2% (Fig. 2f). In contrast, the tumor cells 
were negative for S100, Melan-A, SMA (smooth muscle 
actin) or CD10. Additionally, the tumor cells were posi-
tive for PAS (Periodic acid-Schiff) staining with diastase 
sensitivity (Fig. 2g, h). Based on these observations, CCC 
was highly suspected and then segmental maxillectomy was 
performed.

The surgical specimen showed the same histology of the 
biopsy. The tumor located adjacent to the salivary glands 
with the infiltrative margin (Fig. 3a, b). Angiolymphatic 
invasion, perineural invasion or necrosis were not seen. 
RT-PCR (reverse transcription-polymerase chain reaction) 
using cDNA obtained from the surgical specimen confirmed 
the presence of the EWSR1-ATF1 fusion gene. The direct 
sequence analysis revealed that exon 15 of EWSR1 was fused 
to exon 5 of ATF1 (Fig. 3c). This fusion type in our case is 
different from in previous reports of CCC (EWSR1 exon 11 
and ATF1 exon 3) (Table 1) [2, 7, 9]. Then we made a final 

Table 1  Clinical characters of clear cell carcinoma cases of the salivary gland origin

EWSR1 Ewing sarcoma breakpoint region 1, ATF1 activating transcription factor 1, CREB1 cAMP response element binding protein 1, NA date 
not available

Break point Age(y)/sex Location Follow-up First sign or symptom

Antonescu et al. [2] EWSR1 exon11—ATF1 exon3 NA NA NA NA
Nakano et al. [7] EWSR1 exon11—ATF1 exon3 52/M Root of tongue No evidence of disease at 

3 months
Painless swelling

Chapman et al. [9] EWSR1 exon14—CREB exon5 68/F Left base of tongue No evidence of disease at 
18 months

NA

This case EWSR1 exon15—ATF1 exon5 45/F Right hard palate No evidence of disease at 
8 months

Painless swelling
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Fig. 1  Clinical presentation. a Intraoral examination revealed a solitary dome-shaped swelling. b Computed tomography image in horizontal 
view revealed an ill-defined heterogenous lesion (arrows)

Fig. 2  Histological and immunohistochemical findings in the biopsy 
specimen. a The tumor did not involve the overlying oral epithelium 
and showed typical histologic appearance of clear cell carcinoma 
(CCC). b High power view showed proliferation of epithelial cells 

with clear to eosinophilic cytoplasm. c AE1/AE3, d CK5/6 and e p63 
were immunopositive. f MIB1 index was approximately 2%. g PAS 
was positive and h PAS diastase was negative
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diagnosis of CCC of minor salivary gland. After 8 months 
of follow-up, there are no evidence of recurrence.

Discussion

CCC is a low-grade salivary gland tumor and has EWSR1-
ATF1 fusion in most cases [1, 2]. The EWSR1 fusion type 
by sequence analysis have been reported only in four cases 
(including our case) (Table 1) [2, 7, 9]. Because the fusion 
type of EWSR1-ATF1 in our case is a previously unreported 
type in CCC, it is necessary to distinguish CCC from other 
tumors including salivary gland tumor (such as mucoepi-
dermoid carcinoma and myoepithelial carcinoma), malig-
nant melanoma and CCOC (clear cell odontogenic carci-
noma). The systemic inspection prior to operation showed 
no signs of tumor in the other organs, which suggested cur-
rent tumor was not a metastatic lesion. Mucoepidermoid 
carcinoma can be ruled out because the tumor was lack of 
EWSR1 rearrangement [2]. The lack of myoepithelial makers 

(such as SMA and S100) excluded clear cell myoepithelial 
carcinoma, which has EWSR1 translocation [14]. The lack 
of S100 and Melan-A excluded malignant melanoma. It is 
often difficult to distinguish CCC from CCOC, because the 
two lesions have histologically and genetically similar fea-
tures. Previous study reported that tumor location (in the 
oral mucosa versus in the jaws) is important to differentiate 
between the two [15]. Thus, we concluded that the current 
tumor was CCC with new EWSR1-ATF1 fusion type.

The determination of chimeric transcription types of 
the tumor is clinically important, because clinical progno-
sis depends on chimeric transcription [13, 16]. Compare 
between tumors harboring EWSR1-ATF1 fusion, clinical 
prognosis was significant different. CCC (EWSR1 exon 11 
and ATF1 exon 3) is considered to be a low-grade malig-
nancy, while CCS (EWSR1 exon 8 and ATF1 exon 4 in the 
majority case) is aggressive clinical behavior with a high 
propensity for local recurrence and metastasis (Fig. 4) [1, 2, 
11, 13]. The clinical behavior of CCOC which harbors same 
EWSR1 exon 11 and ATF1 exon 3 fusion is similar to one of 

Fig. 3  Histology and genetic 
analysis in the surgical 
specimen. a, b Tumor located 
adjacent to the salivary glands 
with the infiltrative margin (b 
was boxed area in a). c Direct 
gene sequencing showed exon 
15 of EWSR1 and exon 5 of 
ATF1 fusion

Fig. 4  Diagram showing the 
EWSR1-ATF1 fusion variants. 
CCS clear cell sarcoma, CCOC 
clear cell odontogenic carci-
noma, CCC  clear cell carcinoma
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CCC (Fig. 4) [1, 12, 15]. Therefore, EWSR1-ATF1 chimeric 
variants are associated with clinical features.

The EWSR1 gene spans about 40 kb of DNA with 17 
exons and provides instructions for making the EWS (Ewing 
sarcoma protein) [17]. The protein includes a N-terminal 
transcriptional activation domain (encoded by exons 1–7) 
and a C-terminal RNA-binding domain (encoded by exons 
8–17) [17]. Chromosomal translocations between this gene 
and various genes encoding transcription factors result in 
the production of chimeric proteins that are involved in 
tumorigenesis [11, 17]. These chimeric proteins usually 
consist of the N-terminal transcriptional activation domain 
of EWS fused to the C-terminal DNA-binding domain of 
the transcription factor protein [17]. However, the C-termi-
nal domain of EWS, especially exon 15–17, can efficiently 
repress its N-terminal activation domain (Fig. 4) [18]. In the 
cases of CCS, the absence of EWSR1 C-terminal domain 
may be associated with its aggressive behavior (Fig. 4) [13].

On the other hand, exon 3 is an activation domain of 
ATF1. Phosphorylation at Ser63 located in exon 3 have an 
important roles in cell survival and proliferation (Fig. 4) 
[19]. CCC showed perineural invasion in 43.8–47.1% of the 
cases, angiolymphatic invasion in about 13% of the cases 
and necrosis in about 20% of the cases, which was signifi-
cantly associated with recurrence [6, 8, 10, 15]. Our case had 
no perinural invasion, angiolymphatic invasion or necrosis, 
which may be associated with the absence of ATF1 exon 3 
(Fig. 4). Considering these reports, the tumor in our case 
which do not have exon 3 of ATF1 but have the C-terminal 
domain of EWSR1, are considered to be a good prognosis. 
Thus EWSR1/ATF1 sequence analysis is important to elu-
cidate the significance of the fusion type in their prognosis.

In summary, we have identified a novel EWSR1-ATF1 
fusion gene in CCC arising in minor salivary gland of the 
oral cavity. Our case have shown clinical behavior in keeping 
with the low-grade classification.
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