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Abstract

Introduction. Clear cell carcinoma of salivary gland is a rare malignant neoplasm that accounts for less
than 1% of salivary gland carcinomas. This term is common in many carcinomas with clear cells;
however, it is more specific to hyalinizing clear cell carcinoma. Objective. This research aimed to evaluate
histopathological, immunohistochemical, biomolecular, and clinical aspects of clear cell carcinomas of
salivary gland cases diagnosed between 1997 and 2018.

Materials and Methods. Histological sections, immunohistochemical reactions for cytokeratins 7 and 14
(CK7 and CK14), p63 protein, S-100 protein, and smooth muscle actin (SMA) were assessed, and real-time
molecular polymerase chain reaction (RT-PCR) testing was performed to investigate the expression of the
EWSR1-ATF1 fusion gene.

Results. Eleven lesions with histological and immunohistochemical characteristics of clear cell
carcinoma of salivary glands were found, 81.81% occurred in women, 77.77% in white people and the
mean age was 56.42 years. The most affected regions were palate and buccal mucosa (36.36% of cases
in each of these regions). Histologically, nine cases had hyalinization; neural invasion and necrosis were
present in 6 and 2 of the cases, respectively. All cases were positive for periodic acid-Schiff (PAS) and
expressed p63 protein and cytokeratins 7 and 14. In the PCR molecular test, 6 lesions showed EWSR1-
ATF1 fusion gene.

Conclusion. Clear cell carcinoma of salivary glands is more prevalent in women aged between 50 and 60
years. Histology associated with immunohistochemistry often closes the diagnosis. Molecular tests
should be used as an aid in diagnosis.

Introduction

In terms of salivary gland neoplasms, the most common benign one is pleomorphic adenoma, while the
most frequent malignant neoplasm is mucoepidermoid carcinoma. In the 2017 World Health
Organization (WHO) classification, 11 types of benign neoplasms and 20 types of malignant salivary
gland neoplasms were reported, with molecular tests playing an important role in defining the diagnosis
of some of these neoplasms [1-3].

Clear cell carcinoma of salivary gland is a rare lesion and accounts for less than 1% of salivary gland
carcinomas. Histologically, its appearance is similar to several neoplasms that present clear cells, such
as clear cell oncocytoma, mucoepidermoid carcinoma, epithelial-myoepithelial carcinoma, clear cell
myoepithelial carcinoma, myoepithelial carcinoma, acinar cell carcinoma, metastasis of clear cell renal
carcinoma and clear cell melanoma. Thus, the differential diagnosis based only on morphological
characteristics is often difficult, requiring the use of complementary methods such as
immunohistochemistry or molecular biology. The latter method is nowadays employed to better elucidate
both the diagnosis and the biological behavior of neoplasms [1, 3—6].
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The first study describing clear cell carcinoma of the salivary glands was authored by Chen [1] in 1983.
The study by Milchgrub et al. [4] analyzed 11 cases with very similar characteristics, between 1970 and
1992. These authors were the first ones to name these lesions hyalinizing clear cell carcinoma of the
salivary gland. Clinically, they were described as painless slow-growing nodules, mostly from minor
salivary glands of the oral cavity (82%), with a predilection for women and a mean age of 55 years.
Metastasis was described in only two cases, thus confirming a non-aggressive neoplasm with a low
degree of malignancy. The histological characteristics depicted a well-defined lesion with clear cells of
polygonal shape, mostly arranged in islands, cords or nests in a hyaline stroma. Some eosinophilic cells
were observed alongside the clear cells. The latter were PAS-positive diastasis-sensitive cells, and mucin
was rare to find. Mitosis was observed only in cases with metastases, and neural infiltration was noted,
but no vascular infiltration was found. Immunohistochemistry showed expression for epithelial
membrane antigen (EMA), cytokeratin AE3 and AE1 and negative staining for protein S100 and smooth
muscle actin (SMA), thus characterizing it as an epithelial neoplasm, but not myoepithelial [4, 7-12].
Even after that, the lesion was not accepted as a distinct neoplasm by the WHO and was only recognized
as clear cell carcinoma of the salivary glands in the latest classification of 2017 [13].

The recognition of this lesion occurred due to the findings of Antonescu et al. [14]; they studied 23 cases
of clear cell carcinoma of the salivary glands, histologically observing the presence of neural invasion in
11, no vascular invasion or necrosis, all positive for p63 and cytokeratins, and only one case positive for
S-100. These authors observed the presence of EWSR1 gene with its various fusions in clear cell
carcinoma of glandular origin and the presence of EWSR1-ATF1 fusion gene in 82% of cases. This gene
is not observed in any other salivary gland lesion, which made the diagnosis more precise. In the WHO
classification, it is described that the presence of this gene characterizes the diagnosis of this lesion.
Another lesion that presents this fusion gene is clear cell odontogenic carcinoma. This lesion has the
same histological and immunohistochemical characteristics as clear cell carcinoma of salivary gland, so
clinical aspects are very important for this diagnosis once the first lesion is intraosseous and the second
only occurs in the mucosa [8, 11, 14-20].

Yang et al. carried out a literature review and found 141 cases of clear cell carcinomas. By searching his
service from 2002 to 2012, they found 14 cases, totaling 155 cases. The mean age of patients was 57
years and 63.2% were women, with the tongue being the most frequent site, followed by the palate. The
authors observed the rearrangement of the EWSR1 gene with FISH in 12 of 14 cases. Histology showed
perineural invasion in 42 of 96 cases (43.8%), angiolymphatic invasion in nine of 71 patients (12.7%),
necrosis in 7 of 51 patients and mitosis in 19 of 93 patients. In the follow-up of these patients,
lymphadenopathy was rare (only 17.3% of patients), and distant metastasis was reported in only two
cases. Of 130 patients who had postoperative reports, 23 (17.7%) had local recurrence, while five out of
128 patients had regional metastases and four out of 114, distant metastases, affecting the lungs. In 105
patients with long-term follow-up, it was observed that 86.7% were free from the lesion, 3.8% died from
the disease and 1.9% died from postoperative complications, which depicts a good prognosis for the
disease.[21]
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In light of the above and with the intention of assisting in the diagnostic parameters of clear cell
carcinoma of salivary glands, we proposed this retrospective study on cases diagnosed at the Oral and
Maxillofacial Pathology service of the University of Sdo Paulo School of Dentistry.

Material And Methods

All cases diagnosed as clear cell carcinoma not otherwise specified, originating from the salivary gland,
were retrieved from the archives of the Oral and Maxillofacial Pathology Service of the University of Sao
Paulo School of Dentistry. Samples from 1997 to 2018 were evaluated. For comparison purposes, some
cases with a diagnosis of salivary gland carcinoma with the presence of clear cells, but without a
diagnosis of clear cell carcinoma were also included. All clinical data of the patients (age, race, sex) were
collected from the request forms, as well as lesion information (location, evolution time, and clinical
aspects). All cases were re-evaluated with hematoxylin-eosin (HE) stained slides, and new sections were
made when necessary. Inmunohistochemical reactions were performed and staining with PAS with and
without diastase. Cases with available material were submitted to real-time polymerase chain reaction
(PCR) test. The research project was submitted and approved by a local Research Ethics Committee (n.
2.375.405).

Immunohistochemistry

To define the immunohistochemical profile, reactions were performed with the following antibodies, or
existing reactions were re-evaluated: S-100 (DAKO, Saint Clair, CA, USA, clone Z311), SMA (DAKO, Saint
Clair, CA, USA, brand, M0851 antibody) and p63 (DAKO, Saint Clair, CA, USA, clone, M7247), cytokeratin 7
(CK7) (Cell Marque, Rocklin, CA, USA, clone M7018) and cytokeratin 14 (CK14) (BioGenex, Freemont, CA,
USA, clone MU146-UC).

Immunohistochemical reactions were performed as follows: 3um sections were obtained with a
microtome and placed on silane-coated glass slides, then deparaffinized with xylol heated to 37°C,
followed by gradual hydration with up to 80% alcohol. After this step, the glass slides were placed in a
suitable buffer (citric acid with pH 6.0 for CK7, CK14 and SMA, EDTA for p63, S-100 does not need
treatment) for 30 minutes at 37°C for antigen recovery. Then the slides were cooled in running water,
washed with distilled water and placed in a hydrogen peroxide solution with a 1 to 1 dilution with distilled
water in order to remove endogenous tissue peroxidase. Next, the slides were washed with TRIS solution
and placed in the Dako autostainer machine (Dako Colorado, Inc. CA, USA) for automatic processing of
the antibody reaction with their respective dilutions (S-100 1:700, SMA 1:200, CK7 1:500, CK14 1:500, and
p63 1:50), then submitted to an incubation period of 30 minutes with the Envision system (EnVision®
Dual Link System-HRP, DAKO, Carpinteria, CA, USA) as the second antibody. The chromogen selected for
revealing the reactions was diaminobenzidine (DAB, 3,3 - diaminobenzidine), incubated for 10 minutes.
After washing, the sections were counterstained with Mayer's hematoxylin, dehydrated in an ascending
chain of ethanol, diaphanized in xylol and protected by glass coverslips mounted in an automated
system (Tissue-Tek® Film® Coverslipper, Sakura Finetech Inc, Torrance, CA, USA). Positive controls
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(normal glandular tissue or internal control) and negative controls (omission of the primary antibody)
were included in all reactions.

After the immunohistochemistry and PAS staining reactions, the slides were observed under a
microscope by an experienced pathologist. By assessing the distribution of the staining, they were
classified as positive or not.

Real-time PCR

Identification of the EWSR1-ATF1 fusion gene characteristic of this neoplasm was performed by real-time
PCR.

To perform RNA isolation, the material for this test was extracted from the blocks embedded in paraffin
as follows: With a microtome, ten 4 uym cuts were made and placed in a 1.5 ml tube. Deparaffinization
was performed by placing 1 ml of xylene in the tube with the sample, vortexing was performed and the
xylene was maintained for ten minutes. Then, the tubes were centrifuged at 9300rcf for 3 minutes, and
the xylene was carefully removed with the aid of a pipette. This process was repeated twice, ensuring the
removal of all the paraffin. Then, 1 ml of ethyl alcohol was placed to remove all the solvent, vortexed and
kept for ten minutes. Afterwards, the tubes were centrifuged at 9300rcf for 3 minutes and the ethyl
alcohol was carefully removed with the aid of a pipette. The material was dried by incubating at 37°C for
5 minutes with in open tubes.

The MagMAX FFPE DNA/RNA Ultra Kit (A31881 Applied Biosystems) was used to extract the RNA from
the deparaffinized material, following all the steps recommended by the manufacturer. This system uses
microparticles (beads) that bind to genetic material and are separated from the supernatant using
magnets; a magnetic shelf was used for this purpose.

210yl of protease solution were added to 1.5 ml tubes with deparaffinized material, in order to cover the
entire tube content for protease digestion. The tubes were incubated for one hour at 55°C and another
hour at 90°C. After incubation, the contents were centrifuged at 9300rcf for 3 minutes and the
supernatant was carefully removed with the aid of a pipette. 20ul of nucleotide acid binding beads were
added to aid RNA separation, then 900ul of RNA binding buffer solution were added and mixed with the
aid of a shaker for 5 minutes. After that, the tubes were placed on the magnetic shelf for 2 minutes to
stabilize the molecules bound to the beads and the supernatant was carefully removed with the aid of a
pipette. 500ul of washing buffer were then added and mixed with the aid of a stirrer for 1 minute,
followed by placing the tubes on the magnetic shelf for 2 minutes to stabilize the molecules bound to the
beads, and the supernatant was discarded. 500pl of washing solution #2 was then added to the tubes
and mixed with the aid of a shaker for 1 minute. Again, the tubes were placed in the magnetic shelf for 2
minutes to stabilize the molecules bound to the beads and the supernatant discarded, the tubes were
then kept open for 5 minutes for drying. The next step was to add 100pl of DNase solution to the tubes
and mix with the aid of a stirrer for 20 minutes at a temperature of 37°C for a better reaction result. Then,
450ul of RNA rebinding buffer was added and mixed with the aid of a shaker for 5 minutes. Posteriorly,
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the tubes were placed in the magnetic rack for 5 minutes to stabilize the molecules bound to the beads
and the supernatant was discarded. Finally, 50ul of the elution solution was added and mixed with the
aid of a shaker for 5 minutes. This last solution dettached the RNA from the magnetic molecules, so
when we put the tubes on the magnetic shelf, the RNA was left in the supernatant. The isolated RNA was
carefully removed with the aid of a pipette and placed in another 0.5 ml tube. This RNA was stored in a
freezer at a temperature of -80°C.

For cDNA synthesis, 10l of RNA and High Capacity cDNA Reverse Transcription Kit (Thermo Fisher),
were used for the reverse transcription reaction, following the manufacturer's instructions. Firstly, the
master mix was prepared, to a final volume of 20ul cDNA, by mixing 2ul RT buffer, 0.8ul dNTP mix, 2ul RT
randon primers, 1ul multscribe reverse transcriptase and 4.2ul DNA-free water, giving a total of 10pl.
These 10pl of master mix were mixed with 10pl of RNA from each sample and placed in a thermocycler
(Thermocycler Matercycler Gradient, Eppendorf AG, Hamburg, Germany) programmed for four cycles (10
minutes at 25°C, followed by 120 minutes at 37° C, 5 minutes at 85°C and a cooling step at 4°C). The
samples were stored in a freezer at -20°C until use.

Real-time PCR with the obtained cDNA was performed using the thermocycler 7500 Real-Time PCR
System (Applied Biosystems, Carlsbad, CA, USA). Sybr Green PCR Master Mix (Applied Biosystems) was
used as fluorophore, and for amplification of the EWSR1-ATF1 fusion gene, we used the primers 5'- CAA
GGA TTA AAT GAC AGT GTG ACT C-3' (forward) and 5- CTT TCT GTG AGG AGC CTA TG -3' (reverse).
The sequences were synthesized by Integrated DNA Technologies according to Nakano et al. study.[22]

25 pl of Master Mix, 0.5 pl of forward primer, 0.5 pl of reverse primer, 5 pl of sample and 19 pl of DNA-free
water were mixed in each 500 pl tube. Reactions were performed in duplicate, and a tube with all reagents
except the sample cDNA was used as a negative control. The programmed cycling process was the initial
denaturation of 95°C for 10 minutes, followed by 40 cycles of amplification at 95°C for 15 seconds for
denaturation, and 60°C for 1 minute for replication. At the same time as the reaction took place, a graph
with the melting curve was constructed by the machine. This graph demonstrated whether DNA
dissociations in cycles occured normally or if there was any interference such as the formation of dimers.
Another plot graph was also formed depicting the increase in the amount of amplification of the tested
gene. In this graph, it was possible to observe which samples resulted in amplification and no
amplification, then reaching a threshold above which the amplification would be considered a true
amplification.

Results

In the period ranging from 1997 to 2018, 68,760 cases were analyzed at the Oral and Maxillofacial
Pathology Service of the University of Sdo Paulo, School of Dentistry. Out of these, 797 were salivary
gland neoplasms (the most common neoplasm was pleomorphic adenoma with 293 cases, followed by
mucoepidermoid carcinoma with 120 cases). For this study, 16 cases were selected, according to the
following diagnoses: four hyalinizing clear cell carcinomas, seven clear cell carcinomas, two unspecified
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adenocarcinomas, one glycogen-rich clear cell carcinoma, one carcinoma suggestive of mucoepidermoid
and one case with diagnosis description of a fragment of mucosa with clear cells suggesting glandular
neoplasia. Two cases had the slides, but not the blocks of the original lesion. In these cases, it was not
possible to carry out the PCR reactions. However, they were included in the epidemiological data because
they had slides in HE and immunohistochemical reactions, one with a diagnosis of clear cell carcinoma
and one diagnosed as hyalinizing clear cell carcinoma. The remaining 14 cases had both blocks and
slides, making it possible to perform immunohistochemical reactions a second time, if necessary, and
PCR analysis.

Of the 16 cases analyzed, 13 were positive for CK7, six for CK14, 10 for p63, two for S100 and one was
positive for SMA. PAS revealed 14 positive cases, not resistant to diastasis (Table 1). Thus, 11 cases with
histological and immunohistochemical characteristics compatible with clear cell carcinoma of the
salivary glands (Figs. 1,2,3,4,5,6,7) were selected and, among these, four had been diagnosed as
hyalinizing clear cell carcinoma, five were classified as clear cell carcinoma, one was a mucoepidermoid
carcinoma and one was as a mucosal fragment containing clear cells suggesting salivary gland
neoplasia. One case diagnosed as clear cell carcinoma was not confirmed by immunohistochemistry and
was removed from the samples, and the other two cases diagnosed as clear cell carcinomas were
metastases from renal carcinoma. (Table 1)

While analyzing the eleven cases diagnosed as clear cell carcinoma of the salivary glands, it was
observed that 81.81% (9 cases) occurred in women, 77.77% (7 out of 9 cases) were white, and the mean
age was 56.42 (ranging from 34 to 75) years. The most affected region was the palate together with the
buccal mucosa with 36.36% (4 cases each) of the cases. Histologically, 81.81% of the cases presented
septa with hyalinization, ranging from large and wide to narrow with some cells. (Fig. 1) All cases had
polygonal clear cells arranged in cords, nests, or islands, and sometimes cells with eosinophilic
cytoplasm were also observed, varying in their quantity. Neural invasion was observed in six cases
(54.54%) (Fig. 6), necrosis was noted in two of the cases (18.18%) (Fig. 7) and lymphovascular invasion
was not observed. Real-time PCR was performed in all 14 lesions (in which paraffin blocks were
available); among these, 9 were classified as salivary gland clear cell carcinoma. In PCR, 6 of the 9
(66.66%) lesions classified as clear cell carcinoma were positive for EWSR1-ATF1 gene, while the other
lesions that had not been classified as clear cell carcinoma were negative for EWSR1-ATF1 gene. The
melting curve depicted the normality of the reaction, and the plot graph presented the amplification of the
samples (Fig. 8).

Discussion

Most salivary gland neoplasms have a predilection for the female gender, so does clear cell carcinoma.
The first study that described this lesion also noticed this propensity for females. Another interesting fact
is the mean age occurring between the fifth and sixth decades of life, which was also reported by Chen,
and emphasized by Milchgrub et al. in their case series report. The latter authors standardized the lesion
and named it hyalinizing clear cell carcinoma. These prevalence data were similar to those described
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later in several case series articles and review articles such as the one published by Yang et al. These
authors reviewed 155 cases and identified a mean age of 57 years, and a majority of cases occurring in
females. Our study presented a majority of cases in women (81.81%) with a mean age of 56.42 years,
thus corroborating findings from these studies. An interesting finding in our study was the high frequency
of white patients [1, 4, 21].

As to location, this neoplasm rarely occurs in major salivary glands; it is almost exclusive of minor
salivary glands. Mostly the palate is reported as the main location followed by the tongue base (Bilodeau
et al. (11) and Solar, Schmidt and Jordan (17). However, other studies such as the one of; Albergotti et al.
(6) did not observe a predilection for any site. In our cases, palate and buccal mucosa were equally
affected. In the literature, however, buccal mucosa is not described as a frequent location for clear cell
carcinoma. None of our cases occurred in major salivary glands, which is corroborated by the findings in
the literature [6, 21, 23, 24].

Other regions of the respiratory and upper part of digestive tracts are also affected by this lesion, such as
the paranasal sinus, as described by Lan et al., Alali et al. and Zhao et al. In our study, only one case was
in the oropharynx, which is a rare site of occurrence. Another observation made by the authors regards
the clinical presentation of the neoplasm, which frequently presents as a painless mass and firm to
palpation (which was also observed in most of our cases, as described in the patients’ files). Probably the
“less aggressive” behavior often causes patients to seek treatment at later stages of the disease. [5, 6, 21,
24-29]

Recurrence of this neoplasm is low, ranging from 12 to 19%, and lymph node metastasis is also low,
occurring in about 5 to 25% of cases, thus suggesting that this lesion has low aggressiveness and good
response to surgery. In literature reviews of case reports and case series, we observed few deaths related
to this neoplasm, as described by Hernandez et al. who reported a 5-year survival in 89% of cases and a
10-year survival in 83%. Considering only deaths caused by cancer, the survival rate percentage rises to
97%. In our study, we could not make this relationship due to scarcity of data, since we are a diagnostic
service only. However, we received information that one of the cases had a lymph node metastasis two
years after the excision of the initial lesion. In the literature, recurrence and metastasis occur late in most
cases. Yang et al., observed a mean recurrence period of 47.7 months, and Daniele et al. (3) reported 10
cases with recurrence after 5 years and 1 case after 24 years. Regarding distant metastasis, the most
common site was the lung [3, 5, 8, 21, 24].

The presence of hyalinization, as described by Milchgrub et al., represents a controversy among authors.
Ellis (15) has already criticized this nomenclature for reporting that hyalinization was not present in all
cases, and Bilodeau et al. also reported the presence of hyalinization in only 64.7% of the cases, noting
that sometimes there was only a thin fibrocellular cord. Daniele et al. and Hernandez et al. considered
that all characteristics were variations of hyalinization, ranging from small fibrous septa to large sclerotic
bands of hyaline material. Hyalinization was clearly observed in 9/11 of our cases, thus demonstrating
that hyalinization is not always present in this lesion. Another justification for not having hyalinization in
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all our cases is the amount of material that was sent for analysis; most of the time they were incisional
biopsies, as in one of the cases in which we observed a descriptive diagnosis only, because there was a
very scarce amount of tissue [1, 3, 4, 8, 23, 30].

The presence of polygonal clear cells arranged in cords, nests, and islands, with addition of eosinophilic
cells around, is the main characteristic of this neoplasm, present in all cases, thus representing a
consensus for all the authors studied. Neural infiltration was a common finding in the lesions, ranging
from 33.33 to 47%, followed by necrosis with 6.66 to 18.75%. Mitosis and lymphovascular invasion were
rarely described. Our study showed that 6/110f the cases had neural invasion and 2/11 had necrosis,
signaling that neural infiltration is a very common finding. However, it is noteworthy that our cases are
mostly incisional biopsies. Despite being very present, neural invasion has no connection with the
prognosis of this neoplasm. All cases were positive for PAS nonresistant to diastase, showing it to be a
glycogen-rich lesion and justifying why this neoplasm has already been called glycogen-rich clear cell
carcinoma. [1, 6, 13, 21, 23-25, 31]

There are neoplasms of different origins that present clear cells, thus resulting in a need for a correct
diagnosis, once each one of them show a different biological behavior and sometimes different
treatments are required.

Among the lesions that originate in the salivary gland and may present clear cells, one can mention
mucoepidermoid carcinoma, epithelial-myoepithelial carcinoma, myoepithelioma, myoepithelial
carcinoma, acinc cell carcinoma, etc. Also, metastasis from renal clear cell carcinoma may occur in
salivary glands. Odontogenic carcinomas rich in clear cells can also simulate a salivary gland clear cell
carcinoma occurring inside the bones. However, the use of immunohistochemical panels usually is useful
in differentiating among them. In our immunohistochemical panel, all clear cell carcinomas of salivary
glands were negative for S-100 and SMA, as already reported in the literature, showing that they did not
present myoepithelial cells. The positivity of CK7 and/or14, and negativity to S100 protein and SMA
confirmed the absence of myoepithelial cells. These findings helped to differentiate clear cell carcinoma
from epithelial-myoepithelial carcinoma, clear cell myoepithelial carcinoma or myoepithelioma. The
presence of mucin in mucoepidermoid carcinomas is usually sufficient to differentiate it from PAS-
diastasis negative clear cell carcinoma, as well as from acinic cell carcinoma with a predominance of
clear cells. When there is mucin in clear cell carcinomas, it is very specifically located. [4, 13, 21, 23-25,
31]

Molecular tests as FISH and PCR have been recently employed as a tool to aid in the diagnosis of clear
cell carcinoma. In the first one, the rearrangement of genes or fusion gene are observed, and in the
second only the fusion gene can be detected. For instance, in mucoepidermoid carcinoma, the
rearrangement of MAML2 gene is the most frequent and related to a better prognosis for this lesion.
EWSR1-ATF1 fusion gene present in clear cell carcinoma was first reported by Antonescu et al. [10] that
showed the rearrangement of the EWSR1 and ATF1 genes using FISH test, and they found the
rearrangement in more than 80% of clear cell carcinomas. In addition, they performed a PCR counter-test
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in two lesions, characterizing the EWSR1-ATF1 fusion gene. This fusion gene is not exclusive of this
neoplasm, as it is also present in angio fibrous histiocytoma, pulmonary clear cell carcinoma and clear
cell odontogenic carcinoma. However, none of these lesions originate from the salivary glands. [8, 14, 15,
19]

Bilodeau et al. carried out the same molecular experiment with both clear cell carcinoma of the salivary
gland and clear cell odontogenic carcinoma, since the two lesions look similar from a histological
standpoint and immunohistochemical profile. They also observed the presence of EWSR1-ATF1 fusion
gene in more than 90% of the clear cell odontogenic carcinomas, which justifies the thought of some
authors that the latter lesion would be a central clear cell carcinoma. However, it was observed by
Kujiraoka et al., through cell culture of clear cell carcinoma of odontogenic origin and by Bilodeau et al.,
that clear cell odontogenic carcinomas have cells with nuclei arranged in palisade on its periphery, which
favoring an odontogenic origin. It is believed that other fusion genes may be present in clear cell
carcinomas as reported by Chapman et. al. These authors demonstrated the presence of EWSR1-CREW in
three neoplasms diagnosed as clear cell carcinoma. More studies, however, need to be carried out to
strengthen this hypothesis. For now, WHO only recognizes EWSR1-ATF1 expression for the clear cell
carcinoma. In our study, we observed the presence of this fusion gene in 6/9 of the cases, indicating that
this test may help in the diagnosis of this lesion. Our positivity rate for the EWSR1-ATF1 gene was a little
lower than most studies, and we believe that two factors influenced our results: the amount of material
available for the analysis, and the conservation of this material. It is known that PCR test is more specific,
and more sensitive than FISH test [20, 23, 32, 33].

Since the finding of this gene, many authors have performed FISH test for the rearrangement of the
EWSR1 gene to aid in the diagnosis, as it is a simple test to perform and does not depend so much on the
amount of material and storage conditions. As a disadvantage, this test has a higher cost. Hsieh et al.
reported that 3 neoplasms with an initial diagnosis of mucoepidermoid carcinoma were reclassified as
clear cell carcinoma after FISH test turned out positive for ENSR1 gene rearrangement. This
reclassification also considered the histological and immunohistochemical aspects. In our cases, we also
reclassified some cases after reviewing their histological and immunohistochemical aspects. The
rearrangement for the isolated EWSR1 gene does not add much to the diagnosis of this lesion, as this
oncogene is very common in other lesions such as mucoepidermoid carcinoma and epithelial-
myoepithelial carcinoma. Thus, both FISH test for ATF1 gene and the immunohistochemical profile that
characterizes this lesion should be performed together [11, 20].

When PCR is performed to detect the EWSR1-ATF1 fusion gene (which is the characteristic gene of the
lesion), the positivity of this test can be considered as a definitive factor for the diagnosis of this lesion,
together with histological and immunohistochemical factors. However, this test was not the most used
one in other studies, and when it was used, a small number of cases (2 or 3) was assessed, as thisis a
more sensitive exam and more difficult to perform. In our study, we aimed to evaluate, by PCR, the
possible detection of the EWSR1-ATF1 gene in tissue that had been embedded in paraffin for over 10
years. Real-time PCR tests determined that 66.66% of our clear cell carcinoma cases had EWSR1-ATF1
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fusion gene, indicating that this test can aid the diagnosis. As an addendum, most positive cases were
observed in more recent cases, thus demonstrating the difficulty of testing in tissues embedded in
paraffin for longer periods of time. Therefore, more recently, some authors have been recommending that
the diagnosis should only be made with histological and immunohistochemical tests and that molecular
tests should only be done when there is any doubt regarding the diagnosis [12, 14, 22, 24, 35].

Conclusion

* In our sample, clear cell carcinoma was more prevalent in women aged between 50 and 60 years, in
minor salivary glands and with a predilection for the palate.

» Histological aspects and immunohistochemical expression, especially of cytokeratin 7 and p63
protein, associated with negativity for S100 and smooth muscle actin, in most cases, may be
sufficient to confirm this diagnosis, as it is a lesion with a single type of cells.

e Hyalinization is not always present in the lesion and neural invasion is very common in clear cell
carcinoma.

e Molecular tests can aid diagnosis. However,immunohistochemical aspects cannot be ignored, as
EWSR1-ATF1 gene is not present in 100% of cases. In our study, the PCR result for the EWSR1-ATF1
gene was positive in 66.66% of the cases.

» Clinical and radiographic features are essential for differential diagnosis between odontogenic clear
cell carcinoma and clear cell carcinoma of salivary gland, once they are histologically and
immunohistochemically similar.
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Table 1

Table 1 is available in the Supplementary Files section.

Figures

Figure 1

Histological aspects in Hematoxylin Eosin a) 10x magnification b) 40x magnification showing clear cells
in hyaline stroma.
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Figure 2

PAS no diastasis in histological fragment.
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Figure 3

Cytokeratin 7 positive in histological fragment.
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Figure 4

p63 positive in histological fragment.
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Smooth muscle actin negative in histological fragment.
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Figure 6

S-100 negative in the lesion and positive in neural tissue, demonstrating neural infiltration of the lesion.
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Figure 7

Area of necrosis within the lesion.
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Figure 8

Real-time PCR, a) melting curve showing the normality profile of the PCR and b) plot graph showing
amplifications.
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