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Abstract

Background: Although caspase-3 is a key molecule for apoptosis induction, recent evidence has suggested
its protumoral role in various human malignancies. The aim of the present study was to investigate the expression
of cleaved caspase-3 (the active form of caspase-3) in both clinical samples and cell lines from oral squamous cell
carcinomas (OSCCs) and elaborate on its contribution to the protumor role in oral cancer.

Methods: The expression of cleaved caspase-3 was immunohistochemically evaluated in samples from 30
patients with OSCCs. The samples were either from biopsies or surgically-resected specimens with a mix of clinical
stages and tumor site origins. The expression of cleaved caspase-3 was further examined in three OSCC cell lines.

Results: In addition to apoptotic cancer cells, all the cases of OSCCs demonstrated a surprisingly positive
expression of cleaved caspase-3. A diffuse, cytoplasmic pattern was particularly prominent in in situ carcinoma
cells, invasive carcinoma cells, and metastatic cancer cells that lacked apoptotic morphology. On the other hand,
non-neoplastic, normal epithelial cells were completely negative for cleaved caspase-3. In all the OSCC cell lines
studied, cleaved caspase-3 was expressed in the cytoplasm and nucleus of cancer cells. Flow cytometric analysis
also confirmed that the activation level of caspase-3 in non-apoptotic cancer cells was relatively lower than that in
apoptotic cancer cells. Moreover, caspase-3 inhibition by caspase-3 specific inhibitor decreased the proliferation
of OSCC cells.

Conclusions: Because cleaved caspase-3 is selectively expressed in non-apoptotic OSCC cells and is
associated with cell proliferation, these findings implicate caspase-3 signaling in promoting the progression of oral

cancer.
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Introduction

Caspase-3 is a member of the cysteine protease family and plays
a critical role in the regulation of programmed cell death (apoptosis)
[1]. Caspase-3 expression has been extensively studied in many
cancers. The positive correlation between its expression and a favorable
prognosis has been reported in several cancers, suggesting its use as a
prognostic marker for cancers [2]. In oral squamous cell carcinomas
(OSCCs), increased caspase-3 expression has been shown to inversely
correlate with cell differentiation [3].

Cleaved caspase-3, the active form of caspase-3, is well known as a
marker for cells undergoing apoptosis in both normal tissue and cancer
cells [1]. Given this, it is now widely accepted that cleaved caspase-3
staining is useful in scoring the apoptotic index. However, it has also
been shown that caspase-3 signaling contributes to non-apoptotic
processes such as the differentiation of various cell types, including
lens cells, monocytes, muscle cells, osteoblasts, neural stem cells, glial
cells, and embryonic stem cells [4-10]. Moreover, there have been a
number of notable studies demonstrating its non-apoptotic role in
cancer, which has been linked to a protumor activity such as tumor cell
proliferation, cell migration, and tumor repopulation after cytotoxic
therapy [11-16]. However, only a limited number of studies have been
published regarding the non-apoptotic, protumoral role of caspase-3.
It is therefore necessary that additional studies in other cancer cell

types are conducted to support this paradoxical role of caspase-3 in
cancer biology.

No studies have yet addressed the non-apoptotic role of this
molecule in OSCCs. In the present study, we have addressed whether
caspase-3 has a non-apoptotic role in facilitating tumor promotion
in OSCCs. In all the tumors studied, immunohistochemical analysis
revealed that cleaved caspase-3 was selectively expressed in carcinoma
cells without apoptotic morphology, but not in adjacent, normal
epithelial cells. Furthermore, in all OSCC cell lines studied, it was
confirmed that cleaved caspase-3 was expressed in the cytoplasm and
nucleus of cancer cells and that the activation level of caspase-3 in non-
apoptotic cancer cells was relatively lower than that in apoptotic cancer
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cells. Thus, caspase-3 signaling may be involved in a non-apoptotic
mechanism in oral cancer.

Materials and Methods
Clinical samples

This study included 30 patients who received surgical treatment
for OSCC at the Department of Oral and Maxillofacial Surgery
(Graduate School of Medicine and Pharmaceutical Sciences for
Research, University of Toyama, Toyama, Japan) between April 2007
and March 2014. An informed consent statement approved by our
institutional review board was obtained from all the patients prior to
any examination or treatment. The sites of primary carcinoma were
the tongue (1=10), maxillary gingiva (n=6), mandibular gingiva (n=>5),
floor of the mouth (#=3), and buccal mucosa (n=6). In total, 5 patients
were diagnosed with stage I primary OSCC, 9 with stage II, 9 with stage
111, and 7 with stage IV.

Their tissue specimens taken as biopsy or surgical resection were
routinely fixed in 10% formalin and embedded in paraffin. After
histopathological review, one representative block containing non-
neoplastic epithelia, epithelial dysplasia, carcinoma in situ (CIS), and
invasive carcinoma was selected in each case. In addition, specimens
of cervical lymph nodes with metastatic carcinoma were also included.

Immunohistochemical analysis

Sections of 3 pm thickness from paraffin-embedded tumor
samples were investigated using immunohistochemical analysis.
For antigen retrieval, the sections were immersed in 0.01 M sodium
citrate buffer (pH 6.0) and heated for 10 min in a microwave. After
allowing the sections to cool to room temperature, they were then
incubated with 3% hydrogen peroxide for 30 min to block endogenous
peroxidase activity. The sections were subsequently incubated
overnight with rabbit polyclonal antibodies against cleaved caspase-3
(1:300; Cell Signaling Technology, Beverly, MA, USA) at 4°C. After
incubation with the primary antibodies, the sections were incubated
with biotinylated secondary antibodies for 15 min followed by a
streptavidin-biotin-peroxidase complex (Nichirei Biosciences, Tokyo,
Japan) for 30 min at room temperature. Reactions were catalyzed with a
3,3'-diaminobenzidine substrate solution (Dako, Glostrup, Denmark),
and the sections were counterstained with hematoxylin. As a control,
the sections were stained with either normal rabbit serum or without
exposure to a primary antibody.

Cell lines and reagents

The human oral squamous cell carcinoma (OSCC) cell lines HSC-3,
HSC-4, and SAS were purchased from the Cell Bank of Human Science
Resources of Japan (CBHSR]). The human keratinocyte cell line HaCat
was kindly provided by Dr. Shimizu, Department of Dermatology,
University of Toyama. The cells were maintained in complete
Dulbecco’s modified Eagle’s medium. Docetaxel was purchased from
Toronto Research Chemicals (North York, ON, Canada), and the
caspase-3 inhibitor z-DEVD-fmk was purchased from R&D systems
(Minneapolis, MN, USA).

Assessment of cell apoptosis and caspase-3 activity by flow
cytometry

Apoptotic cells were detected using Annexin V (BD PharMingen,
San Diego, CA, USA), according to the manufacturer’s instructions.
The cells were harvested and stained using a fluorescein isothiocyanate-
labeled anti-Annexin antibody. The samples were then stained

with propidium iodide and analyzed with a FACS Canto II (Becton
Dickinson, San Jose, CA, USA). Apoptotic cells were calculated based
on the percentage of Annexin V-positive cells. Annexin-positive/PI-
negative cells were considered as early apoptotic cells, whereas Annexin
V-positive/PI-positive cells were considered as late apoptotic cells.

To assess caspase-3 activity, the cells were fixed with 4%
paraformaldehyde/PBS (Wako Pure Chemical Industries, Osaka,
Japan) for 10 min at 37°C, pre-chilled on ice for 1 min, and then
permeabilized by slowly adding ice-cold methanol (Nakarai Tech,
Tokyo, Japan) to a final concentration of 90%. Thirty minutes later, the
cells were washed and stained with an anti-cleaved caspase-3 antibody
(Alexa Fluor" 488 conjugated anti-cleaved caspase-3, Cell Signaling
Technology) or isotype control (Alexa Fluor 488 conjugated isotype
control, Cell Signaling Technology) at room temperature for 1 h.
The samples were then analyzed by a FACS Canto II, and the mean
fluorescence intensity of the cleaved caspase-3 signal was measured
using FLOWJO (FLOW]JO, LCC, Ashland, OR, USA) software.

Assessment of cell proliferation

Cells were seeded into 96-well plates at 1.5x10* cells per well in the
absence or presence of 200 pmol/L caspase-3 inhibitor z-DEVD-fmk,
and the viability of adherent cells was measured at 24, 48, 72, and 96
hours after seeding in the wells. To measure the viability of adherent
cells, tetrazolium salt WST-1(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-
2H-5-tetrazolio]-1, 3-benzene disulfonate) premix (Takara Bio, Otsu,
Shiga, Japan) was added to each well. The cleavage of WST-1 into
formazan by metabolically active cells was measured by scanning the
plates at 450 nm in a microtiter plate reader.

Statistical analysis

Group comparisons were made using a Student’s t-test. A p-value
of <0.05 was considered significant.

Results

Cleaved caspase-3 was expressed in all oral squamous
carcinoma (OSCC) cases analyzed

We examined the immunohistochemical localization of cleaved
caspase-3. To confirm the specificity of the antibodies against cleaved
caspase-3, we used lymph node specimens as a positive control. As a
result, positive staining was obtained in apoptotic lymphocytes in the
germinal centers, but not in other immune cells lacking apoptotic
features (Figure 1A), indicating the specificity of the antibodies. In
non-neoplastic squamous epithelia adjacent to carcinoma cells, positive
staining for cleaved caspase-3 was not detected in all cases (Figure 1B).
In the epithelial dysplasia, however, cleaved caspase-3 was localized to
the lower half of the epithelia layer (Figure 1C), corresponding to the
proliferating area of the parabasal cells. In CIS, immunoreactivity for
cleaved caspase-3 was observed in almost the entire layer except for
the superficial keratinized cells (Figure 1D). In invasive carcinoma,
positive staining was extensively observed in carcinoma cells in all cases
(Figure 1E). The cytoplasm of carcinoma cells lacking apoptotic figures
was diffusely positive for cleaved caspase-3. In addition, apoptotic
carcinoma cells stained more strongly for cleaved caspase-3 than viable
carcinoma cells (Figure 1F). Moreover, some heterogeneity was present
in the staining intensity, and some areas, including those containing
less keratinized carcinoma cells, showed less intense immunoreaction
(Figure 1G). Metastatic carcinoma cells of the cervical lymph nodes
were also positive for cleaved caspase-3 (Figure 1H). However, there
was no apparent correlation between cleaved caspase-3 expression and
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Figure 1: Immunohistochemical localization of cleaved caspase-3 in
non-neoplastic epithelia, epithelial dysplasia, carcinoma in situ (CIS),
invasive squamous cell carcinoma (SCC), and metastatic SCC in samples
of lymph nodes. The representative staining pattern of cleaved caspase-3
in the germinal center of non-metastatic lymph node (A), non-neoplastic
epithelium (B), epithelial dysplasia (C), CIS (D), invasive carcinoma (E-G),
metastatic carcinoma samples (H); (A—H) immunoperoxidase stain for cleaved
caspase-3. Specific positive staining for cleaved caspase-3 was confirmed in
apoptotic lymphocytes in the germinal centers of lymph nodes (A); however, no
obvious positive staining in non-neoplastic squamous epithelia was observed
(B). In epithelial dysplasia, cleaved caspase-3 was localized in the proliferative
foci of parabasal cells in the lower half of the epithelia (C). In CIS, positive
staining was observed in almost the entire layer of the epithelia except for
the superficial keratinized cells (D). In invasive carcinoma, extensive positive
staining was observed in carcinoma cells (E). The cytoplasm of carcinoma
cells lacking apoptotic figures was diffusely positive for cleaved caspase-3 in
addition to apoptotic carcinoma cells showing a rounding of their cytoplasm
and nuclear condensation (F). Arrows indicate apoptotic carcinoma cells.
Staining intensities varied from case to case, and in particular, less keratinized
carcinoma cells displayed weak staining (G). Metastatic carcinoma cells in the
lymph nodes were also positive for cleaved caspase-3 (H).

any clinicopathological characteristics including tumor stage, tumor
location, or the differentiation status of the tumor (Table 1).

Cleaved caspase-3 was expressed by OSCC cell lines and was
associated with cell proliferation

In order to better understand the specific localization of cleaved
caspase-3 in carcinoma cells, the intracellular distribution of the
molecule was examined under a fluorescent microscope in three OSCC
cell lines HSC-3, HSC-4, and SAS, and nontumorigenic keratinocyte

line HaCat cells using a fluorogenic caspase-3 substrate. In all the
OSCC cell lines analyzed, cleaved caspase-3 was distributed in both
the cytoplasm and nuclei (Figure 2). In contrast, no distribution of
the molecule was observed in HaCat cells (Figure 2). Furthermore,
we also evaluated the activation level of caspase-3 in these cell lines
by staining for intracellularly-cleaved caspase-3 expression using flow
cytometry. In the entire cancer cell lines analyzed, and despite the
fact that levels of apoptosis were extremely low (Figure 3A), cleaved
caspase-3 expression was observed in the cancer cells; this activation
was significantly impaired by treatment with a caspase-3 inhibitor
(Figure 3B). On the other hand, as a positive control for induced-

characteristics n
median age 68.5

(range) (46-93)

sex male 15

female 15

tumor location tongue 10

mandibular gingiva 6

maxillary gingiva 5

floor of the mouse 3

buccal mucosa 6

differentiation well-differentiated 18

moderately-differentiated 10

poorly-differentiated 2

clinical stage | 5

Il 9

1]l 9

\Y 7

Table 1: Characteristics of patients with oral squamous cell carcinoma.

Cleaved caspase-3 DAPI Merge

- - - -
. - - -
B - - -

N - - -

Figure 2: Subcellular localization of cleaved, active caspase-3 in oral
squamous cell carcinoma (OSCC) cells. HSC-3, HSC-4, SAS, and HaCat
cells were cultured on glass chamber slides overnight at 37°C. They were
then analyzed using CellEvent® Caspase-3/7, a green detection cell-
permeable reagent for the intracellular distribution of cleaved caspase-3,
under a fluorescence microscope. Green indicates cleaved caspase-3 and
blue indicates nuclei.
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Figure 3: Cleavage activity of caspase-3 was observed in oral squamous cell carcinoma (OSCC) cells without apoptosis. (A) Analysis of apoptotic cell death
in OSCC cell lines. OSCC cells were grown in culture medium with 10% fetal bovine serum (FBS). Control cells for caspase-3 inhibition were treated with 200 ymol/L
caspase-3/7 inhibitor z-DEVD-fmk for 12 h. The control cells for apoptotic cell death were treated with 50 uM docetaxel for 12 h. The cells were then examined by
staining with both Annexin V and propidium iodide (PI). The X-axis represents the Annexin-related fluorescence and the Y-axis represents the Pl-related fluorescence.
The cells in the lower right and upper right represent early apoptotic cells and late apoptotic cells, respectively. (B) Analysis of active caspase-3 in OSCC cell lines
by flow cytometry. The OSCC cells were grown in culture medium with 10% FBS. The control cells for caspase-3 inhibition were treated with z-DEVD-fmk for 12 h.
The control cells for apoptotic cell death were treated with 50 uM docetaxel for 12 h. The cells were then examined by intracellular staining with either isotype control
antibody or anti-cleaved caspase-3 antibody. Experiments were performed in triplicate, and representative data from one experiment is shown. The dashed lines
represent staining with the isotype control antibody. Solid lines represent staining with the anti-cleaved caspase-3. The number in each panel represents the mean
fluorescence intensity ratio (MFIR). (C) The mean + SD of the fluorescent intensity of the cleaved caspase-3 was analyzed. An asterisk indicates a significant difference
in the MFIR compared with the non-treated cells in each cell line. (p < 0.05); NT, nontreated; DOC, docetaxel. (D) Growth inhibitory effect of caspase-3 inhibition on
OSCC cells. The OSCC cells were incubated in the absence or presence of z-DEVD-fmk, and the time course of proliferation of adherent OSCC cells was measured
by the WST-1 cell proliferation assay system. The mean + SD from sextuplicate determinations are shown. An asterisk indicates a significant difference between two
groups. (p < 0.05)
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caspase-3 activation, the cells treated with the cytotoxic agent docetaxel
demonstrated significantly higher levels of caspase-3 activity when
undergoing apoptosis compared with those in non-treated cancer cells
(Figure 3A and B).

To directly determine the effect of caspase-3 activity on OSCC
cells, we also evaluated the proliferation of OSCC cells in the presence
or absence of caspase-3 inhibitor. As expected, caspase-3 inhibition
significantly decreased proliferation of OSCC cells (Figure 3D).
Overall, these data provide strong evidence supporting the hypothesis
that caspase-3 signaling facilitates oral cancer progression.

Discussion

In the present study, we examined the activation of caspase-3
in oral cancer using both OSCC clinical samples and cell lines. In
all the OSCC cases studied, the expression of cleaved caspase-3 was
observed in non-apoptotic OSCC cells in addition to apoptotic
cancer cells. Moreover, cleaved caspase-3 was also expressed in the
OSCC cell lines in the absence of apoptotic cell death. Although it
has long been recognized that caspase-3 plays an important role in
apoptosis induction, recent evidence has suggested that this molecule
also participates in a variety of non-apoptotic biological processes
[4-16]. Several studies have suggested that caspase-3 is involved in
tumor aggressiveness by promoting cell motility, invasiveness, and
proliferation of cancer cells. For example, Gdynia et al. reported that
the constitutive, low level expression of activated caspase-3 contributes
to the aggressiveness of brain tumors [13]. They also revealed, using
immunohistochemistry, that human glioblastomas exhibit a weak
to moderate activity of caspase-3 in glioblastoma cells without any
apoptotic morphology. Moreover, in vitro studies revealed that
inhibition of caspase-3 activity by the use of specific inhibitors or siRNA
decreases the rate of migration and invasiveness of glioblastoma cells.
In agreement with this, the protumoral role of active caspase-3 has also
been demonstrated in melanomas [15]. Liu et al. revealed that basal
caspase-3 activity is detected in melanoma cells, whereas the inhibition
of caspase-3 activity also decreases the rate of migration, invasion, and
vasculogenic mimicry in these cells in vitro. In an additional study by
the same authors, it was shown that caspase-3 signaling stimulates
tumor repopulation during cytotoxic therapy [14]. In their in vitro
study, they revealed that radiation-induced caspase-3 activation
stimulates either cancer cells or stromal cells to release prostaglandin
E2, thus promoting tumor cell repopulation. In consideration of these
results, it seems that caspase-3 activation has an important role in non-
apoptotic, protumoral processes.

Apoptosis is well known as a process of programmed cell death,
which plays an important role in the development of multicellular
organisms and in the maintenance of cellular homeostasis. When
a cell is either damaged or no longer required, it can be eliminated
from the body through the mechanism of apoptosis. Thus, during
tumor progression, apoptosis operates as an important biological
phenomenon in eliminating cancer cells. Apoptotic cell death is
frequently observed in various cancers, linking the biological property
of tumors with clinical outcomes. In certain cancers, high apoptotic
index has been shown to correlate with worse clinical outcomes and
a higher grade malignancy based on a high mitotic index, high-grade
histology, and high Ki-67 labeling index [17-20]. Taken together, these
results suggest that increased levels of apoptosis are associated with
tumor progression with a high turnover of tumor cells. On the other
hand, a general consensus is that apoptotic signaling is repressed in
cancer cells through the inhibition of multiple factors downstream of
these signaling cascades. Several studies have revealed that cancer cells

abundantly express anti-apoptotic molecules whereas the expression
of pro-apoptotic molecules is often impaired [21-26]. Moreover, the
expression of various molecules involved in regulating apoptosis, such
as Bcl-XL, survivin, a death receptor such as Fas or TRAIL receptors,
is modulated by alternative splicing [27-30]. Given this, it seems likely
that apoptosis is controlled through a complex mechanism during
cancer progression. Previous studies have revealed that the extent of
caspase-3 activation appears to be a balance between the protumoral
function of the molecule and its ability to induce apoptosis [11,12].
Moreover, as suggested in earlier studies, basal caspase-3 activation
does not induce apoptosis but rather promotes tumorigenesis [13,15].

Consistent with these findings, the results of our study have revealed
that caspase-3 activation in non-apoptotic OSCC cells was relatively
lower than that in apoptotic cancer cells. Thus, it may be possible that
a low level of activation is insufficient to induce the apoptosis of cancer
cells but high enough to facilitate the proliferation of cancer cells.

The most critical question is why caspase-3 is constitutively activated
in cancer cells. It is well recognized that cancer cells receive numerous
stimulations to activate apoptotic signaling via various cellular stresses
or death receptors such as Fas and TRAIL receptors. However, while
it has been shown that Fas elicits apoptotic signals and functions in
various pathological processes, recent evidence suggests Fas facilitates
tumor growth and was found to be associated with extremely poor
outcomes for patients in several cancer types [31-34]. Therefore, it
may be possible that Fas is also related to the non-apoptotic, basal
caspase-3 activity in cancer cells. We consistently observed that anti-
Fas antibody treatment stimulated the proliferation of OSCC cells in a
dose-dependent manner, although it remains unclear if Fas signaling is
directly associated with a constitutive, low level of caspase-3 activation
(Heshiki, et al. unpublished data).

In conclusion, we demonstrated non-apoptotic caspase-3 activation
in both OSCC clinical samples and OSCC cell lines, although the level
of activation was relatively lower than that of apoptotic cancer cells.

In oral cancer, this basal caspase-3 signaling may be utilized for the
proliferation of cancer cells but not apoptosis induction. The concept
of compensatory proliferation, wherein apoptotic cells stimulate
neighboring cells to proliferate, has been demonstrated in a number
of cell types, including cancer cells [35,36]. Taken together, a low
level of caspase-3 activation, which although insufficient to induce the
genuine apoptosis of cancer cells, may be utilized for compensatory
proliferation and facilitate the promotion of tumor progression in
oral cancer. However, further investigations would be necessary to
elucidate the detailed mechanism of how a low level of activated
caspase-3 facilitates tumor progression in oral cancer. In the present
study, we showed that oral cancer cells can be effectively recognized by
the selective expression of cleaved caspase-3, a finding, at least in part,
which may have clinical and therapeutic implications in oral cancer.
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