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Summary Based on our previous finding that protease-activated receptor 2 (PAR-2) regulates
hemophagocytosis of oral squamous cell carcinoma (SCC) cells, which induces their heme oxygenase 1—
dependent keratinization, we have formulated a hypothesis that PAR-2 functions in wider activities of SCC
cells. To confirm this hypothesis, we investigated immunohistochemical profiles of PAR-2 in oral SCC
tissues and its functional roles in cell proliferation and invasion in SCC cells in culture. The PAR-2 expression
modes were determined in 48 surgical tissue specimens of oral SCC. Using oral SCC—derived cell systems,
we determined both gene and protein expression levels of PAR-2. SCC cell proliferation and invasive
properties were also examined in conditions in which PAR-2 was activated by the synthetic peptide SLIGRL.
PAR-2 was immunolocalized in oral SCC and carcinoma in situ cells, especially in those on the periphery of
carcinoma cell foci (100% of cases), but not in normal oral epithelia. Its expression at both gene and protein
levels was confirmed in 3 oral SCC cell lines including ZK-1. Activation of PAR-2 induced ZK-1 cell
proliferation in a dose-dependent manner. PAR-2—activated ZK-1 cells invaded faster than nonactivated
ones. The expression of PAR-2 is specific to oral malignancies, and PAR-2 regulates the growth and invasion
of oral SCC cells.

© 2015 Elsevier Inc. All rights reserved.
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satisfactory clinical outcome [1]. To this end, we have
developed several aids for the evidence-based histopatho-
logic diagnosis of oral carcinoma in situ (CIS), which is the
most critical disease entity among oral borderline malig-
nancies. The precise diagnosis of CIS at surgical margins
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might determine prognoses of individual patients because
according to our recent studies, CISs would recur as CISs or
SCCs in 39.2 months [2] or in 12.3 months [3], when CISs
are left behind at surgery.

To avoid subjectivities in the differential diagnosis of oral
CIS, we have introduced combined immunohistochemistry
for keratin (K) 19, K13, and Ki-67 for diagnostic criteria of
CIS with the conceptual background that the second basal
cell layer is the proliferating center of the oral mucosal
epithelia and that the basal cell differentiation is determined
with K19 expression and the prickle cell differentiation is
recognizable with K13 expression [4]. We have also
demonstrated the genetic mechanism for the loss of K13 as
well as the reciprocal loss of K13 and emergence of K16/
K17 in oral CIS [5,6]. To consolidate our diagnostic criteria
of oral CIS, we have introduced some other immunohisto-
chemistry for podoplanin [7,8], perlecan [9-12], matrix
metalloproteinase (MMP) 7 [10], tenascin [12], and fS-cate-
nin/E-cadherin [11] as diagnostic aids. More recently, we
have also emphasized the formation of intraepithelial blood
vessels as one of the histopathologic characteristics of oral
CIS and as a driving force for dyskeratosis among cancer
cells [13].

Seeking the molecular mechanism of abnormal keratini-
zation in oral CIS and SCC, we have come to find that the
expression levels of K17 and K10 were elevated in round-
shaped dyskeratosis in CIS as well as in keratin pearls in SCC
by hemoglobin derived from extravasated erythrocytes via
intraepithelial blood vessels [13,14]. Interestingly, this
hemophagocytosis activity is mediated by protease-activated
receptor 2 (PAR-2) through heme oxygenase 1 activation
pathways [14], whereas PAR-2 had previously been known to
up-regulate keratinocyte phagocytosis [15]. PAR-2 is one of
the four PAR family members. The PAR family members are
G-protein—coupled receptors that regulate cellular motility,
growth and differentiation, and gene transcription [16]. PARs
are uniquely activated by cleavage of their NH,-terminal
domains by serine proteinases for exposing new NH,-termini,
which further function as tethered ligand domains for their
activation sites [17].

Although PAR-2 is the least understood among the four
family members, it has been reported to be expressed in
various cell types, including keratinocytes or epithelial cells
of the kidney and intestines, vascular endothelial cells, and
neural and muscle cells [18]. Trypsin has been considered as
its main activator, whereas in vitro, the synthetic peptide
SLIGKV, which mimics the NH,-terminal portion of the
human receptor, and SLIGRL, a murine homolog, are known
to activate PAR-2 [19]. Functionally, PAR-2 activation is
implicated in a broad spectrum of pathophysiologic
processes, including regulation of vascular [20] and
inflammatory [21] responses through cell membrane traf-
ficking. In addition, recent reports have emphasized that
PAR-2 is involved in cancer cell behaviors in the breast [22],
stomach [23], prostate [24], pancreas [25], colon [26], and
cervix uteri [27]. However, in terms of its detailed roles,

more extensive studies are needed to elucidate whether
PAR-2 could be a neoplastic phenotype.

As mentioned above, it remains totally unknown how
PAR-2 functions in oral SCC or CIS in terms of their growth
or invasion, other than its hemophagocytosis-related expres-
sion, which we have determined in oral SCC cells [14]. The
aims of this study are to characterize PAR-2 expression
profiles in the oral mucosal epithelia from normal, dysplastic,
CIS, and SCC stages and to determine the effect of PAR-2
activation by agonist peptides on oral SCC cells in their
proliferation and invasion potentials.

2. Materials and methods
2.1. Tissue samples

A total of 48 surgical specimens of oral SCC, in which
areas of normal epithelia and foci of epithelial dysplasia and
CIS were simultaneously contained, were randomly selected
from surgical pathology files of the Division of Oral
Pathology, Department of Tissue Regeneration and Recon-
struction, Niigata University Graduate School of Medical
and Dental Sciences, during the 15-year period from 1997 to
2010. The surgical specimens were fixed in 10% formalin
and routinely embedded in paraffin. One set of 5-um serial
sections was stained with hematoxylin and eosin and used to
reevaluate the pathologic diagnosis. The other sets were used
for immunohistochemical investigations with the antibodies
described below. The experimental protocol for analyzing
surgical material was reviewed and approved by the Ethical
Board of the Niigata University Graduate School of Medical
and Dental Sciences (Oral Life Science).

2.2. Antibodies

A monoclonal mouse antibody against human PAR-2
(clone SAMI11, IgG2a) was purchased from Zymed
Laboratories (South San Francisco, CA). Rabbit polyclonal
antibodies against mouse immunoglobulin G (IgG) was
obtained from Dako (Glostrup, Denmark). Antibodies
against K10, K13, K17, K19, Ki-67, and perlecan were
used for objective categorization of dysplasia, CIS, and SCC,
as described elsewhere [5-8].

2.3. Enzyme immunohistochemistry

Deparaftinized sections were autoclaved in citrate buffer
(pH 6.0) at 121°C for 10 minutes to restore antigenicity.
After antigen retrieval treatments, the sections were rinsed in
0.01 M phosphate-buffered saline (PBS) and treated in 0.3%
H,0, in methanol at room temperature for 30 minutes for
blocking endogenous peroxidase activities. The sections
were then incubated in 5% skimmed milk in PBS containing
0.05% Triton X-100 (PBST) at 37°C for 30 minutes to block
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