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Abstract

Clear cell squamous cell carcinoma (CCSCC), where cells show abundant clear cytoplasm, is
a variant of squamous cell carcinoma (SCC) and a rare entity in the oral cavity. The
characteristics of CCSCC, especially in immunohistochemical features, remain unclear. We
characterized a case of CCSCC arising from the oral mucosal epithelium of tongue, where the
clear cell lesion accounted for a predominant portion of the tumor. This CCSCC, which was
partially surrounded by conventional SCC, exhibited  cellular atypia
immunohistopathologically and histopathologically with a high Ki-67 index, increased number
of mitotic figures and enlarged nuclei. Intravascular invasion of the carcinoma cells was also
observed. Furthermore, the CCSCC recurred and metastasized to the cervical lymph nodes and
both lungs three months after resection. Immunohistochemical analyses demonstrated
decreased expression of p40 (an isoform of SCC marker p63), ADP-ribosylation factor (ARF)-
like 4c (ARLA4C), yes-associated protein (YAP) and 5-methylcytosine (SmC) in the CCSCC
lesion compared with the surrounding SCC lesion, where the expression of ARL4AC was
upregulated compared with non-tumor region and YAP showed nuclear translocation. In
addition, siRNA loss-of-function experiments revealed that p63 expression was required for

ARLAC expression and DNA methylation was induced by p63 and YAP/transcriptional co-

activator with PDZ-binding motif (TAZ) signaling in oral SCC cell lines. These results suggest

that CCSCC, in which several markers of SCC-associated intracellular signaling pathways are
downregulated, together with evidence of altered epigenetic regulation, is characterized as an

undifferentiated SCC variant.



1. Introduction
Oral squamous cell carcinoma (OSCC) is a carcinoma with squamous differentiation arising
from the mucosal epithelium [1]. OSCC accounts for more than 90% of oral cancers [1].
Histopathologically, SCC is categorized into three grades based on the keratinization and
degree of anaplasia: well-, moderately and poorly differentiated [1]. There are multiple subtypes
of SCC including basaloid, spindle cell, adenosquamous, verrucous, papillary, acantholytic,
lymphoepithelial and cuniculatum variants [1]. There are few major driver events identified in
OSCC, resulting in lack of molecular targets of anti-tumor therapy for OSCC [2]. Therefore,
other unknown molecular mechanisms may be involved in OSCC tumorigenesis. Abnormally
activated intracellular signaling pathways may be involved in OSCC tumorigenesis, and such
pathways may be potential targets for anti-tumor therapy for OSCC. In line with this hypothesis,
accumulating evidence suggests that several activated intracellular signaling molecules, such
as ADP-ribosylation factor (ARF)-like 4c (ARL4C) [3], yes-associated protein (YAP) [4,5] and
Keratin 17 (KRT17) [6], may be not only specific markers of OSCC but also exerting an
oncogenic role in OSCC tumorigenesis.

Clear cell SCC (CCSCC) is a rare entity [7], and to our knowledge, only six cases of
CCSCC developed in the oral cavity has been reported to date (Table 1) [8-13]. CCSCC cells
have clear cytoplasm in hematoxylin-eosin (HE) stained sections [11]. Various substances, such
as glycogen, lipids, mucopolysaccharides, immature zymogen granules and water, seem to be
accumulated in the cytoplasm of CCSCC cells [14]. The diagnosis of CCSCC is based on
histopathlogical and immunohistological findings. In addition, special stains, such as Periodic
Acid-Schiff (PAS) and mucicarmine, are important for making diagnostic decision. However,
the characteristics of CCSCC, including its immunohistochemical features, such as ARL4C,
YAP and KRT17 expression, are unclear, as the number of reports concerning CCSCC is

limited (Table 1) [8-13].



In the present report, we characterized a case of CCSCC arising from the tongue using

pathological specimens and OSCC cell lines.



2. Material and methods

2.1. Immunohistochemistry

The protocol for this study was approved by the ethical review board of the Local Ethical
Committee of Kyushu University, Japan (#30-235). All specimens were fixed in 10% (v/v)
neutral buffered formalin solution and embedded in paraffin blocks. Subsequently, the paraffin-
embedded specimens were cut into 4-um-thick sections, stained with HE, and examined by 3
experienced pathologists to confirm the diagnoses. Immunohistochemical staining was
performed on 5-um-thick paraffin sections. Antigen retrieval, elimination of the endogenous
peroxide activity, and blocking were carried out as previously described [15,16]. The sections
were then incubated with each primary antibody (used at 1:100 for Ki-67, used at 1:5 for
AE1/AE3, used at 1:200 for p40, used at 1:200 for CK13, used at 1:200 for CK17, used at 1:100
for ARL4C, used at 1:300 for YAP, used at 1:100 for 5SmC, used at 1:100 for CK5/6, used at 1:2
for S-100, used at 1:300 for SMA) at 4°C overnight. The details of the antibodies used are
mentioned below. The sections were incubated with secondary antibody (Histofine Simple
Stain MAX PO, Nichirei, Tokyo, Japan) for 1 h at room temperature. The immunoreactivity
was visualized with a DAB substrate solution (Nichirei). Subsequently, the sections were

counterstained with hematoxylin.

2.2. Cell lines and reagents

Human OSCC cell lines HSC-2, HSC-3 and SAS (Japanese Cancer Research Resources Bank)
[16], and human cervical carcinoma cell line HeLaS3 [17] were used in this study. HSC-2 and
HSC-3 were maintained in a-MEM (Invitrogen, Carlsbad, CA, USA), and SAS and HeLaS3
were maintained in D-MEM (Invitrogen). These culture media were supplemented with 10%

fetal bovine serum (FBS) (Invitrogen) and contained 100 IU/ml penicillin and 100 mg/ml



streptomycin (Invitrogen). All of these cell lines were incubated at 37°C in a 5% CO:
atmosphere.

Anti-Ki-67 (M7240), anti-AE1/AE3 (IR053), anti-CK13 (M7003), anti-CK17
(M7046), anti-CK5/6 (N7237) and anti-S-100 (IR504) antibodies, all of which were used for
immunohistochemistry, were obtained from Dako (Carpentaria, CA, USA). Anti-p40
(ab172731) (for immunohistochemistry), anti-p63 (ab735) (for western blotting) and anti-

double strand (ds) DNA (ab27156) (for dot blot) antibodies were obtained from Abcam

(Cambridge, UK). Anti-ARL4C (HPA028927) (for immunohistochemistry and western
blotting) antibody was obtained from Atlas antibodies (Voltavigen, SWE). Anti-YAP (sc-
101199) (for immunohistochemistry) antibody was obtained from Santa Cruz Biotechnology

(Dallas, TX, USA). Anti-SmC (39649) (for immunohistochemistry and dot blot) antibody was

obtained from Active Motif (Carlsbad, CA, USA). Anti-YAP/TAZ (8418S) (for western

blotting) antibody was obtained from Cell Signaling Technology (Beverly, MA, USA). Anti-B-

actin (A5441) (for western blotting) antibody was obtained from Sigma-Aldrich (Steinheim,

Germany).

2.3. Knockdown of protein expression by siRNA and quantitative RT-PCR

The effects of protein knockdown by siRNA were analyzed as previously described [17]. In
brief, siRNAs (final conc. 20 nM) were transfected into OSCC cells using Lipofectamine
RNAIMAX (Invitrogen). The following target sequences were used: randomized control, 5'-
CAGTCGCGTTTGCGACTGG-3', human p63 #1, 5-GCTTAATCTTCAAAGCCTT-3,

human p63 #2, 5'-GCAGAACTGTAGCTGCCAT-3’, human YAP, S5'-

GCATGACAGAAATAAGCTT-3' and human TAZ, 5'-

CCCAACAGACCCGTTTCCCUGATTT-3'. The transfected cells were then used for

experiments conducted at 48 h post-transfection.



Quantitative RT-PCR was performed as described previously [3,18]. Forward and
reverse primers were as follows: human ARL4C, 5'-CTAACATCTCGGCCTTCCAG-3'and 5'-
TCTGCTTGAGGGACTTCCTG-3'; human p63, 5'-GAAACGTACAGGCAACAGCA-3'" and
5'-GCTGCTGAGGGTTGATAAGC-3"; human p40, 5-AAGGAGGCGAGGTTCTAAGC-3’

and 5'-AAGAGCCTCTGCTGCTTTTG-3'; human CTGF, 5'-

CCGTACTCCCAAAATCTCCA-3* and 5-GTAATGGCAGGCACAGGTCT-3"; human

CYR61, 5-TCCGAGGTGGAGTTGACGAG-3’ and 5'-AGCACTGGGACCATGAAGTTG -

3" human DNMTI, 5'-GAACGGTGCTCATGCTTACA-3’ and 5'-

TGTAATCCTGGGGCTAGGTG-3"; human DNMT3a, 5'-"AGCCCAAGGTCAAGGAGATT-3’

and 5'-CAGCAGATGGTGCAGTAGGA-3'; human DNMT3b, 5'-

TTGAATATGAAGCCCCCAAG-3’ and 5'-GGTTCC AACAGCAATGGACT-3"; human

GAPDH, 5'-GCACCGTCAAGGCTGAGAAC-3' and 5'- TGGTGAAGACGCCAGTGGA-3".

2.4. Analysis of Cistrome Data Browser database

ChIP-seq peaks of p63 and active histone modifications, such as H3K4me3, H3K27ac and

H3K9ac, in the 5’-untranslated region of the ARL4C gene were analyzed using the Cistrome

Data Browser database (http://cistrome.org/db/#/). In the database, p63; Tongue SCC [19].

Keratinocyte [20], MCF-10A (human mammary gland epithelial cell) of which raw data was

deposited in NCBI GEO under accession number (GSE3378511), H3K4me3: TE-7 (human

esophageal squamous cell carcinoma cell) [21], KYSE-150 (human esophageal squamous cell

carcinoma cell) [22], MCF-7 (human mammary gland epithelial cell) [23]. MCF-10A [24].

H3K27ac; TE-7 [25], MCF-7 [26], MCF-10A [27], H3K9ac; TE-7 [21], MCF-7 [28], MCF-

10A of which raw data was deposited in NCBI GEO under accession number (GSM2258717)

were used in this study. The consensus sequence of p63 was obtained from JASPAR web site

(https://jaspar.genereg.net).




2.5. Dot blot analysis

Dot blot analysis was performed as previously described [3.29] with modification. Genomic

DNA was diluted to 50 ng/ul in 20 ul total volume. Five ul of 0.5 M NaOH was added to each

sample and then the samples were incubated at 95°C for 5 min. The samples were put on ice

and neutralized with 2.5 pl of 6.6 M ammonium acetate. 2.75 ul of each mixture was spotted

onto a nitrocellulose membrane and allowed to air dry for 10 min. The membrane was baked

for 2 h at 80°C and blocked with 5% milk for 2 h at room temperature. Anti-5mC antibody

(1:1000) or anti-ds DNA antibody (1:3000) was incubated at 4°C overnight. and subsequent

incubation with goat anti-mouse IgG-HRP for 1 h. ECL Western Blotting Detection Reagents

(GE Healthcare, Little Chalfont, UK) were used for detection. Dot blot intensities were

analyzed using Image J (Version 1.63, NIH, Bethesda, MD).

2.6. Statistical analysis
Significant differences were determined using one-way ANOVA with post hoc Tukey test. P

value of < 0.05 or 0.01 was considered statistically significant.



3. Results
3.1. Clinical features and histological findings
A 70-year-old male visited at the Department of Oral and Maxillofacial Surgery at Kyushu
University Hospital (Fukuoka, Japan) with a mass showing exophytic growth on the right
ventral surface of the tongue without apparent subjective symptoms (Fig. IA). The patient had
been followed up for thrombocytopenic purpura. An oral examination revealed that the 11x10-
mm tumor mass was soft-elastic and well-circumscribed without induration, and the overlying
mucosal surface showed extensive erosion and partial hemorrhage. Contrast-enhanced
computed tomography (CT) and positron emission tomography (PET)-CT showed an enhanced
lesion on the right side of the tongue (data not shown). No distant metastasis was evident in the
clinical findings with PET-CT or abdominal ultrasonography (data not shown). Based on the
examinations, the lesion was clinically diagnosed as a malignant tumor arisen from tongue.
The patient had a history of OSCC in the left tongue and left buccal mucosa, and both
lesions had been diagnosed as well-differentiated SCC and treated with resection, left neck
dissection and radiation therapy 20 years ago and resection 5 years ago, respectively. He had
undergone regular follow-up without local recurrence or metastasis. Therefore, the right tongue
tumor seemed to be a primary malignant tumor, clinically. Cytology from the lesion revealed
that scattered or clusters of carcinoma cells with high nucleo-cytoplasmic (N/C) ratio,
hyperchromatic large nuclei and prominent nucleoli (data not shown). Cytologists and
pathologists discussed the cytological findings and judged them to be indicative of malignancy.
Resection with a 1-cm surgical safety margin was therefore performed. HE-stained sections
showed exophytic and invasive growth of atypical clear cells with sheet- and island-like
appearances into the muscular layer (Fig. 1B; upper panel). The clear cells showed abundant
clear cytoplasm along with enlarged and centrally placed rounded nuclei (Fig. 1B-3, C and E).

The number of mitotic figures in the atypical clear cells was 4.3 per 4 high-power fields in the



lesion (data not shown). In addition, the atypical clear cells were negative for PAS, Alcian-blue
and mucicarmine stainings (data not shown), suggesting that accumulation of water and/or
hydropic change had occurred in the cytoplasm of the atypical clear cells. Based on these
findings and the immunohistochemical observations mentioned below, the clear cell lesion was
diagnosed as a CCSCC. The CCSCC lesion (Fig. 1B-3) was partially surrounded with a
conventional SCC lesion (Fig. 1B-2, 5), which was also connected to a non-tumor squamous
cell region (Fig. 1B-1), suggesting that the clear cell lesion might have developed from the SCC
lesion. Intravascular invasion of the carcinoma cells was also observed (Fig. 1B-4). The clear
cell lesion accounted for a predominant portion (90%) of this tumor (Fig. 1D).

The CCSCC recurred three months after resection. HE-stained sections of the
recurrence lesion showed invasive growth of the atypical clear cells with sheet- and strand-like
appearances. The clear cells had abundant clear cytoplasm (Fig. 1E), enlarged nuclei and a high
Ki-67 index (data not shown). In addition, the atypical clear cells were negative for PAS,
Alcian-blue and mucicarmine stainings. Squamous differentiation was observed in a limited
region (data not shown). The immunohistochemical features were similar to those of the
primary CCSCC (data not shown). Based on these findings, the clear cell lesion was diagnosed
as recurrent CCSCC. In addition, metastasis to the right cervical lymph nodes was detected by
ultrasonography. PET-CT also indicated metastasis to both lungs as well as the cervical lymph

node (data not shown).

3.2. Characterization of the CCSCC by an immunohistochemical analysis
To clarify the characterization of CCSCC, immunohistochemical analyses were carried out. The

Ki-67 labeling index was 38.8% and 26.3% in the CCSCC and SCC lesion, respectively, which

showed a significant difference (P = 0.02) (Fig. 2 and Fig. S1). Immunohistochemical analyses

showed that the CCSCC cells were positive for AE1/AE3 (Fig. 2), weakly positive for CK5/6

10



(data not shown) and CK 17, and negative for CK13 (Fig. 2). In contrast, the surrounding SCC
cells were positive for AE1/AE3 (Fig. 2), CK5/6 (data not shown) and CK 17, and negative for
CK13 (Fig. 2). These results suggested that the CCSCC cells might be malignant cells bearing
the characteristics of SCC. In addition, similar to previous reports (Table 1), S-100 and smooth
muscle actin (SMA) were negative in the CCSCC and SCC lesions immunohistochemically
(data not shown). Interestingly, the intensity of p40, which is an isoform of p63 [30], in CCSCC
lesion was decreased compared with the SCC lesion (Fig. 2). P63 and p40 are useful markers
for SCC variants [31]. These immunohistochemical findings suggested that CCSCC exhibits
similar characters to SCCs but is not completely coincident with the SCC.

To further profile the CCSCC, additional immunohistochemical analyses were
performed. ARL4C, the expression of which is upregulated in several tumors by multiple
mechanisms in a cell-context-dependent manner, is associated with tumorigenesis [3,17,32-38].
The expression of ARL4C in the CCSCC lesion was decreased compared with the SCC lesion
(Fig. 3). ARL4C was hardly detected in the non-tumor region consistent with previous reports
[3,38] (Fig. 3). The Hippo pathway regulates cell proliferation through the nuclear translocation
of major downstream effectors, YAP and TAZ, resulting in the induction of target gene
transcription [39,40]. Consistent with a previous report [5], YAP was localized in the nucleus
of the SCC cells, whereas it was hardly detected at all in the CCSCC cells (Fig. 3 and Fig. S2).
The intensity of SmC, which is a marker for global DNA methylation and whose loss through
conversion to 5-hydroxymethylcytosine (ShmC) is associated with tumorigenesis [41], was

decreased in the CCSCC lesion (Fig. 3). Furthermore, lower expression of ARL4C, YAP and

SmC was observed in clear cell lesion compared to that in SCC lesion in the additional cases,

where clear cells with enlarged and centrally placed rounded nuclei were focally observed in

the section (Case 1: 1.5 % and Case 2; 1.4 %, respectively) (Fig. S3). These results suggest that

at least two kinds of intracellular signaling pathways, such as ARLA4C signaling and YAP

11



signaling, are downregulated, and epigenetic alteration may occur in the CCSCC Ilesion

compared with the SCC lesion.

3.3. Effects of p63 on ARL4C expression in OSCC cells

P63, which is a marker of SCC together with p40, reportedly suppresses squamous
differentiation [31]. As the expression of p40 in the CCSCC lesion was decreased compared
with that in the SCC lesion (Fig. 2), we investigated the function of p63 using OSCC cells. We
measured the ARL4C and p63 mRNA levels in three human OSCC cell lines and a control
human cervical carcinoma cell line, HeLaS3. The OSCC cell lines showed higher levels of
ARLA4C and p63 than the HeLaS3 cells (Fig. 4A). When p63 was knocked down by two different
siRNAs (Fig. 4B), levels of p63, p40 and ARL4C were decreased (Fig. 4B and C), but the

expression of YAP/TAZ was not changed (Fig. S4). These data suggested that p63 could

specifically regulate the ARLAC expression in OSCC cells. In addition, the Cistrome Data

Browser database indeed showed ChIP-seq peaks of p63 and active histone modifications, such
as H3K4me3, H3K27ac and H3K9ac, in the 5’-untranslated region of the ARL4C gene (Fig.
4D). These results suggest that p63 may be involved in the regulation of ARL4C expression in
OSCC cells.

To further analyze the function of p63 in the OSCC cells, we examined the

morphological changes in the p63 knock-down OSCC cells. Although p63 knock-down did not

affect the cell size or shape, the size of nuclei was more enlarged in p63 knock-down OSCC

cells than in control cells (Fig. 4E), which was similar to that observed in the CCSCC (see Fig.

1B-2. 3 and 1C).

3.4. The effects of p63 and YAP/TAZ on DNA methvlation status in OSCC cells

12



Recent reports reveled that p63 or YAP/TAZ regulates DNA methylation status through several

mechanisms, such as protein association through p63 with DNA methyltransferases (DNMTs)

or regulation of DNMTs expression [42.43]. YAP/TAZ siRNA reduced the mRNA levels of

ankvyrin repeat domain 1 (ANKRD1) and cellular communication network factor 1 (CCNI: also

known as CYRG61), which are transcriptional targets of YAP/TAZ [5], while YAP/TAZ siRNA

did not affect the expression of p63 in OSCC cells (Fig. 5A). Together with the data of p63

siRNA treatment (see Fig S4). p63 and YAP/TAZ appear to be independent intracellular

signaling pathways at least in OSCC cells. Finally, the effects of p63 and/or YAP/TAZ on DNA

methylation status were examined in OSCC cells. Although sip63 or siYAP/TAZ did not affect

SmC levels, the simultaneous suppression of p63 and YAP/TAZ signaling dramatically reduced

S5mC levels (Fig. 5B). In addition, knockdown of p63 and YAP/TAZ specifically decreased

DNMT] expression among DNMTs (Fig. 5C). These data indicated that p63 signaling and

YAP/TAZ signaling might be cooperatively involved in regulation of DNA methylation in

OSCC cells.
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4. Discussion

CCSCC is an extremely rare entity that was first described in the skin [7]. In the present study,
we characterized CCSCC arising from the tongue using immunohistochemical analyses. To
date, only six cases of CCSCC have been reported in the oral cavity (Table 1) [8-13], to our
knowledge. Among them, five reports demonstrated that the CCSCC cells showed cellular
atypia and nuclear pleomorphism with irregular mitotic figures and hyperchromatic nucleus.
Consistently, our present study showed that the CCSCC exhibited cellular atypia with an
elevated Ki-67 index, increased number of mitotic figures and enlarged nucleus, and
intravascular invasion of the carcinoma cells. Furthermore, the recurrence of CCSCC with
distant metastasis was observed three months later after resection. These findings suggest that
the current CCSCC case may have high-grade malignant potential, thereby resulting in a poor
prognosis. Consistently, a previous report showed that CCSCC with perineural invasion
metastasized to the lung three months later after surgery [11]. In addition, two other cases had
cervical lymph node metastasis [9,12], and another case recurred [13]. The presence of
metastasis and/or recurrence was unclear in the two remaining cases (Table 1). Therefore,
CCSCC should be considered as a noteworthy SCC variant clinically as well as
histopathologically.

In the oral cavity, tumors with clear cells can be classified into three categories:
malignant tumors of the salivary gland, odontogenic tumors and metastatic tumors. First,
malignant tumors of salivary gland, including mucoepidermoid carcinoma, acinic cell
carcinoma, clear cell carcinoma, myoepithelial carcinoma and epithelial-myoepithelial
carcinoma (EMC), were considered in the differential diagnosis of the clear cell lesion [44] in
the present case. Mucoepidermoid carcinoma, which is composed of mucous, intermediate and
epidermoid cells, is the most common salivary gland malignancy [44]. Acinic cell carcinoma

demonstrates serous acinar cell differentiation characterized by cytoplasmic zymogen secretory

14



granules [44,45]. In the present case of CCSCC, the findings of negative staining with
mucicarmine and PAS ruled out mucoepidermoid carcinoma, acinic cell carcinoma and clear
cell carcinoma. Myoepithelial carcinoma is a malignancy composed entirely of neoplastic
myoepithelial cells [44]. EMC is a rare neoplasm of salivary gland and low-grade tumor [44,46].
EMC has a biphasic pattern composed of a nest of inner luminal ductal cells and outer abluminal
myoepithelial cells [47]. Histopathological findings and negative stainings for S-100 and SMA
differentiated CCSCC from myoepithelial carcinoma and EMC. Second, odontogenic tumors
with clear cells include clear cell odontogenic carcinoma (CCOC), odontogenic ghost cell
tumor (OGCT) and calcifying epithelial odontogenic tumor (CEOT) [12,14]. As the present
CCSCC arose from the tongue, and odontogenic tumors usually occur in the maxillary and
mandibular bones, odontogenic tumors were ruled out. Furthermore, CCOC is distinguished by
negative PAS staining. OGCT, which involves aberrant keratinization with ghost cells, was able
to be excluded based on the histopathological finding. CEOT is a benign epithelial odontogenic
tumor that secretes an amyloid protein and Liesegang ring calcifications [48], neither of which
was observed in our case. Finally, metastatic tumors, especially those from the breast and
kidney, were also considered. However, general examinations, including PET-CT, chest X-ray
and abdominal ultrasonography, did not indicate primary tumors in the other organs, including
the kidney, in our case.

ARLAC is reportedly highly expressed in the lesion of various tumors [3,32,33,
35,38,49]. Consistently, the expression of ARL4C was elevated in the SCC lesion partially
surrounding the CCSCC lesion. The expression of ARL4C is regulated by Wnt/B-catenin
signaling, the Ras/MAP kinase pathway [17,32,35,38] and DNA methylation [3]. We first
demonstrated p63 could be involved in ARL4C expression in OSCC. Since a previous report
showed that p63 overexpression is correlated with a poor survival rate in OSCC [50] and an

elevated ARL4C expression promotes OSCC tumorigenesis [3], the function of p63-mediated

15



ARLAC in OSCC tumorigenesis needs to be clarified. In addition, the present study indicated

that p63 signaling could regulate nuclear size. Abnormal variation in nuclear size, which is

observed even in oral epithelial dysplasia [1], is an important index for making a diagnosis of

malignant tumors. Therefore, further study is needed to elucidate the precise mechanism by

which p63 regulates the nuclear size.

A report demonstrated that the lower level of 5SmC could be a poor prognosis factor

in glioblastoma multiforme [51], consistent with our case with poor prognosis. Reportedly, p63

and/or YAP/TAZ could regulate DNA methylation at the protein or transcriptional level [42.43].

and our present data demonstrated that p63 and YAP/TAZ cooperatively regulated DNA

methylation in OSCC cells (see Fig. 5B). Functional interaction of p63 with YAP has also been

demonstrated [52]. While the mechanisms regulating DNA methylation may depend on a cell-

context-dependent manner, it is intriguing to speculate that DNA methylation status, which is

reculated by p63 and YAP/TAZ in OSCC cells, might be a novel poor prognosis marker in

OSCC.

ARLAC, YAP and 5mC were hardly detected in the CCSCC lesion. These
immunohistochemical findings suggest that at least two kinds of independent intracellular
signaling pathways, such as ARL4C signaling and YAP signaling, were downregulated, which
is likely to be associated with undifferentiated status and altered epigenetic regulation in the

CCSCC lesion. The CCSCC lesion might have originated from the SCC lesion considering the

histopathological location (see Fig 1B-5), the immunohistochemical characteristics (see Fig. 2)

and the in vitro experiments, in which the decreased expression of p63 and YAP/TAZ in OSCC

cells (see Fig 4B, 4C, 4D, 5B and 5C) mirrored the immunohistochemical findings in CCSCC

patients (see Figs. 2 and 3). Given our results, we speculated that the CCSCC could be an

undifferentiated SCC, with altered intracellular signaling and epigenetic regulation. It is

important to characterize this rare variant of SCC and to discriminate the lesion from the tumors

16



with clear cells, such as other salivary gland tumors, odontogenic tumors and metastatic tumors
[53]. No specific markers for CCSCC have yet been established, so novel specific markers for
CCSCC are needed to make a correct diagnosis, as CCSCC can have high-grade malignant
potential.

In summary, we characterized a case of CCSCC with high malignant potential arising
from the mucosal epithelium of the tongue by immunohistochemical analyses and proposed

that the CCSCC might be undifferentiated SCC, with altered intracellular signaling and

epigenetic regulation.
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Figure legends

Figure l. Clinical features and histological findings of CCSCC.

(A) A macroscopic photograph of the tongue at the initial visit. The well-circumscribed elastic
soft, 11x10-mm mass was overlaid on the right ventral surface of the tongue. Arrowheads
indicate the mass. (B) HE staining of the non-tumor region, SCC lesion and CCSCC lesion (top
right panel). The numbered boxes in the low-power image show enlarged images (second panels
from the top). The dotted boxes are further enlarged images (third panels from the top). The
black arrowheads indicate intravascular invasion of the carcinoma cells in B-4. The black line
indicates the border between clear cell lesion and squamous cell carcinoma lesion in B-5. (C)
The nucleus areas in non-tumor region, SCC and clear cell lesion were measured. (D) The SCC
and CCSCC area proportions in the tumor were measured. (E) HE staining showing CCSCC
cells in the primary lesion and the recurrent lesion. Scale bars, 500 um (B), 100 um (B-1, 2, 3)

(upper panels) 20 um (B-1, 2, 3 (lower panels), 4, 5 and E).

Figure 2. Characterization of CCSCC by immunohistochemical analysis.
The CCSCC lesion was stained with anti-Ki-67, anti-AE1/AE3, anti-CK-17, anti-CK13 and

anti-p40 antibodies, and hematoxylin. Scale bars, 50 pm.

Figure 3. Characterization of CCSCC with undifferentiated status by an
immunohistochemical analysis.
The CCSCC lesion was stained with anti-ARL4C, anti-YAP, and anti-SmC antibodies as well

as hematoxylin. Insets are further enlarged images. Scale bars, 50 um.

Figure 4. The effects of p63 on ARL4C expression in oral squamous cell carcinoma cells.

(A) ARL4C and p63 mRNA levels were measured in OSCC cell lines (HSC-2, HSC-3 and
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SAS cells) and HeLaS3 cells by quantitative RT-PCR. Relative levels of ARL4C and p63
mRNA expression were normalized to GAPDH and are presented as fold-changes compared
with the expression in control HeLaS3 cells. (B and C) HSC-2, HSC-3 and SAS cells were
transfected with control or two different p63 siRNAs and analyzed 48 h post-transfection. (B)
p63, p40 and ALR4C mRNA levels were measured by quantitative RT-PCR. Relative p63, p40
and ALR4C mRNA levels normalized by GAPDH are presented as fold-changes compared with

levels in control siRNA transfected cells. **1, **2 and **3 indicate significant difference in the

comparison of p63, p40 and ARILAC, respectively. (C) Protein samples were analyzed by

western blotting using anti-ARLAC, anti-p63, and anti-B-actin antibodies. (D) Genomic views
of p63, H3K4me3, H3K27ac and H3K9ac ChIP enrichments at the human ARL4C gene
obtained from the Cistrome Data Browser database. The ARL4C gene contains one predicted

p63-binding site. (E) HSC-2, HSC-3 and SAS cells were transfected with control or p63 siRNA

for 48 h. The cells were stained with Hoechst 33342 and phalloidin, and then the areas of the

nucleus were calculated. Scale bars, 50 um. Results are shown as means + s.d. of three

independent experiments. *P<0.05, **P<(0.01.

Figure 5. The effects of p63 and YAP/TAZ on DNA methylation status in oral squamous

cell carcinoma cells.

(A and B) HSC-3 and SAS cells were transfected with control, p63 or YAP/TAZ siRNAs and

analyzed 48 h post-transfection. (A) Protein samples were analyzed by western blotting using

anti-YAP/TAZ, anti-p63. and anti-B-actin antibodies (left panels). CTGF and Cyr61 mRNA

levels were measured by quantitative RT-PCR. Relative levels of CTGF and Cyr6/ mRNA

expression normalized to GAPDH are presented as fold-changes compared with levels in

control siRNA transfected cells. (B) Analysis of 5SmC levels in genomic DNA isolated from p63

and/or YAP/TAZ knock-down HSC-3 and SAS was performed by dot blot assay using an anti-
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5SmC antibody. Anti-ds DNA antibody was probed as a control. Dot intensities were quantified

using NIH image software and the ratio of SmC/ds DNA is presented as fold-change compared

with control siRNA transfected cells. (C) HSC-3 and SAS cells were transfected with control,

p63 and YAP/TAZ siRNAs and analyzed 48 h post-transfection. DNMTI1, DNMT3a and

DNMT3b mRNA levels were measured by quantitative RT-PCR. Relative DNMT1, DNMT3a

and DNMT3b mRNA levels were normalized to GAPDH and are presented as fold-changes

compared with levels in control siRNA transfected cells. Results are shown as means + s.d. of

three independent experiments. *P<0.05, ** P<0.01.
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Table 1 A summary of the present case and 6 cases of CCSCC originating from oral cavity.

Age/ Special | mmuno
Case | Author, year ng Location | Recurrent | Metastasis sl‘zains histo
chemistry
- - PAS (+)
| |frazieretal | 5o/ | Mandible )y N/A | Mucicar-
2012 [8] gingiva :
mine (-)
- PAS (-)
o |Nainanietal. | 55, | Buccal N/A LN | Mucicar- | $-100 (-)
2014 [9] mucosa :
mine (-)
Kaliamoorthy Lateral PAS(-) | AEI/AE3
3 |etal. 2015 35/F | 1o ggual N/A No Mucicar- )
[10] vestibule mine (-) SMA ()
Tongue to PAS (+)
4 12%110 711 1[31]16]‘[ al- 1 66/F | the floor of N/A Lung Mucicar- Ss'l\l/[(f ((_'))
the mouth mine (£)
Devi et al Maxillary PAS (-)
5 15017 [l 2]' 55/M | alveolar N/A LN Mucicar- | S-100 (-)
ridge mine (-)
. Mandible PAS (-)
Ramani et al. . S-100 (-)
6 2021 [13] 42/F | alveolar + N/A Mucicar- | gy ra “)
mucosa mine (-)
AE1/AE3
PAS (-) (+)
7 | Present Case | 70/M | Tongue + LN, Lung | Mucicar- $-100 (-)
mine (-) SMA (-)

F, female; M, male; +, positive; -, negative; N/A, not applicable, LN; cervical lymph node
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