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Cutaneous spindle cell squamous cell carcinoma (SCC) is a rare, but highly malignant variant of SCC. The
presence of spindle-shaped cells with a sarcomatous appearance, which are derived from squamous cells,
suggests that these cells are produced as a result of epithelial-mesenchymal transition (EMT). EMT is a
complex process in which epithelial cells lose their polarity and cell-cell contacts, while also acquiring

Key\_/vords: increased motility and invasiveness. Snail regulates EMT by binding to proximal E-boxes in the promoter
Enalldh . region of E-cadherin and repressing its transcription. When examining the expression of EMT markers
C_OC;—Z ern and Snail in spindle cell SCCs, we found that cyclooxygenase-2 (COX-2) expression was down-regulated.

Since it has been shown that COX-2 is constitutively overexpressed in a variety of malignancies, including
colon, gastric, and lung carcinomas, the down-regulation of COX-2 expression was unexpected. The pres-
ence of E-box-like sequences in the promoter region of COX-2 prompted us to perform a more detailed
analysis. We introduced a Snail expression vector into keratinocyte-derived cell lines (HaKaT, HSC5, and
A431 cells), and isolated stable transfectants. We determined that COX-2 expression was down-regulated
in cells expressing Snail. Consistent with these observations, reporter assays revealed that COX-2 pro-
moter activity was repressed upon Snail overexpression. Thus Snail down-regulates COX-2 in these cells.

Cutaneous squamous cell carcinoma

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Cutaneous spindle cell squamous cell carcinoma (SCC) is a rare,
but highly malignant variant of SCC that was first described by
Martin and Stewart in 1935 [1]. Histologically, spindle cell SCC
infiltrates the dermis as single, atypical spindle cells with elon-
gated nuclei, and unlike conventional SCC, there are typically no
signs of keratinization [2]. The presence of spindle-shaped cells
with a sarcomatous appearance, which are derived from squamous
cells, suggests that they are produced as a result of epithelial-mes-
enchymal transition (EMT).

EMT is a complex process by which epithelial cells lose their
polarity and reorganize their cytoskeleton, while also acquiring a
mesenchymal phenotype and increased motility [3,4]. In addition
to tissue remodeling, organ development, and wound healing,
EMT plays a critical role in cancer progression and organ fibrosis
[4-7]. Loss of a polarized epithelial cell phenotype and acquisition
of mesenchymal characteristics endow tumor cells with the poten-
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tial to invade and metastasize. Snail is a regulator of EMT that re-
presses E-cadherin transcription by binding to proximal E-boxes (a
5'-CACCTG-3’ sequence) in the promoter regions of target genes
[8,9]. Correlative studies have shown that there is an inverse rela-
tionship between E-cadherin expression and Snail expression in
human samples [10].

During examination of the expression of E-cadherin and vimen-
tin, which are EMT markers, and Snail, an EMT inducer, in spindle
cell SCCs, we found down-regulation of cyclooxygenase-2 (COX-2).
COX-2 and its metabolite prostaglandin E2 (PGE2) play important
roles in regulating diverse cellular functions under physiologic
and pathologic conditions [11-14]. COX-2, the inducible isoen-
zyme, is constitutively overexpressed in a variety of malignancies,
including colon, gastric, esophageal, prostate, pancreatic, breast,
and lung carcinomas [13-17]. Therefore, the observed down-
regulation of COX-2 expression was unexpected. The expression
of Snail in spindle SCC and the presence of E-box-like sequences
(CANNTG) in the promoter region of COX-2 gene suggested that
Snail is responsible for the down-regulation of COX-2 in spindle
SCC. In the present study, we wanted to determine whether Snail
down-regulates COX-2 or not. We introduced a Snail expression
vector into keratinocyte-derived cell lines and isolated stable
transfectants. We obtained evidences showing that COX-2
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expression was down-regulated in Snail-expressing cells. Consis-
tent with these observations, reporter assays revealed that COX-2
promoter activity was repressed upon Snail overexpression. These
results provide molecular basis on our observation that COX-2 is
down-regulated in spindle SCCs.

2. Materials and methods
2.1. Immunohistochemical staining

Immunohistochemical studies examining E-cadherin, vimentin,
Snail, and COX-2 were performed on six formalin-fixed, paraffin-
embedded specimens of cutaneous spindle cell SCC and three
SCC specimens without spindle cells (non-spindle SCC) that had
been collected and diagnosed at the Department of Dermatology,
Kagoshima University Graduate School of Medical and Dental Sci-
ences between 1990 and 2010. Tissue sections with 6 pm thickness
were prepared from formalin-fixed, paraffin-embedded specimens.
Each section was deparaffinized in xylene, and antigenic activity
was retrieved by incubating in 0.01 M citrate buffer (pH 6.0) in
an autoclave (120 °C, 5 min). The sections were incubated with
3% H,0, in methanol for 5 min to block endogenous peroxidase
activity and then with 5% normal serum in phosphate-buffered sal-
ine (PBS) for 30 min to block non-specific antibody binding. Each
section was subsequently incubated (1 h, room temperature) with
a primary antibody; followed by normal serum, and then exposed
for 1 h to biotinylated horse secondary antibodies (Vector Labora-
tories, Burlingame, CA, USA) diluted 1:100 in PBS. After a 30 min
reaction with an avidin-biotin peroxidase complex (Vector Labora-
tories), the samples were incubated with diaminobenzidine (DAB)
(Vector Laboratories).

2.2. Cells and transfection

Human cutaneous SCCs, HSC5 and A431 cells, and human pre-
cancerous keratinocyte HaCaT cells were grown in DME supple-
mented with 10% FCS. These cells (2 x 10°) were transfected
with 10 pg of an expression vector encoding HA-tagged human
Snail (pC-SnailHA) or a control vector (pCAG-neo) using the cal-
cium phosphate method as previously described [18]. Stable trans-
fectants were isolated after selecting with G418, and the
expression of HA-tagged Snail was determined by immunofluores-
cence staining and immunoblot analysis using an anti-HA mAb.
Isolated clones were designated as HSC5-Snail, HSC5-Neo, Ha-
CaT-Snail, and HaCaT-Neo cells. A431-Neo and A431-Snail cells
were previously described [18].

2.3. Antibodies

Mouse mAbs against E-cadherin and its FITC derivative were
purchased from BD Biosciences (Lexington, KY, USA). A mouse
mAb against vinculin was purchased from Sigma (St Louis, MO,
USA). A mouse mAb against Snail was purchased from CST Japan.
A goat pAb against COX-2 was obtained from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA) and used for immunohistochemistry.
A rat mADb against HA and mouse mAb against vimentin were pur-
chased form Roche Diagnostics GmbH (Mannheim, Germany) and
Zymed Laboratories (South San Francisco, CA, USA), respectively.
For immunohistochemical staining, a rabbit pAb against Snail
was obtained from Abgent (San Diego, CA, USA).

2.4. Fluorescence microscopy

Immunofluorescence labeling of cells was performed as previ-
ously described [19]. Briefly, cells were fixed with 3% paraformal-

dehyde in PBS for 20 min at room temperature. The cells were
permeabilized with 0.1% Triton X-100 and then incubated with pri-
mary and secondary antibodies. The stained cells were analyzed
using a conventional Olympus fluorescence microscope (Tokyo, Ja-
pan) equipped with an Olympus DP73 digital camera.

2.5. Immunoblotting

For immunoblot analysis, cells were boiled for 5 min in SDS gel
sample buffer. Proteins were separated by either 8% or 15% poly-
acrylamide gel electrophoresis, and then transferred onto nitrocel-
lulose membranes. The membranes were blocked with 5% nonfat
milk in PBS, and then incubated with specific primary antibodies
followed by peroxidase-conjugated secondary antibodies (Jackson
Immuno Research Laboratories, West Grove, PA, USA). After wash-
ing with PBS containing 0.1% Tween-20, protein bands were visu-
alized by enhanced chemiluminescence (ECL) (Amersham
International, Little Chalfont, UK).

2.6. RT-PCR analysis

Total RNA was extracted from the cells using the Isogen kit
(Wako, Osaka, Japan) and then reverse transcribed using Rever
Tra Ace (Toyobo, Osaka, Japan). The resulting cDNAs were used
as templates for specific PCR reactions using GoTaq DNA polymer-
ase (Promega, Madison, WI, USA). The PCR conditions were opti-
mized for each primer pair as previously described [20]. The
following primer combinations were used: COX-2, sense
(GGTCTGGTGCCTGGTCTGATGATG) and antisense (GTCCTTTCAAG-
GAGAATGGTGC); p-actin, sense (CAAAGACCTGTACGCCAACAC)
and antisense (CATACTCCTGCTTGCTGATCC).

2.7. Reporter assay

The luciferase reporter construct containing the human E-cad-
herin promoter (—178 to +66) was previously described [18]. Lucif-
erase reporter constructs containing the full-length COX-2
promoter DNA (—1432/+59 bp) or its truncated fragments [21]
were provided by Dr. L.R. Ballou (Department of Veterans Affairs
Medical Center). The assays were performed as previously de-
scribed [18]. Briefly, HEK293T cells (1.5 x 10°) were seeded in
35 mm plates for 24 h prior to transfection. The reporter constructs
(0.5 ng) were transfected into cells together with the pCAG vector
containing Snail cDNA or empty pCAG vector (2 ig), and 40 ng of
pRL-CMV vector using Lipofectamine Plus. After 48 h, both firefly
(FL) and Renilla luciferase (RL) activities were measured using a
Dual luciferase reporter assay kit (Promega). FL activity was nor-
malized to the RL activity. The experiments were performed in
triplicate [18].

3. Results

3.1. Spindle cell SCC exhibits mesenchymal features and down-
regulation of COX-2

Hematoxylin and eosin staining of cutaneous spindle cell SCC
specimens showed undifferentiated spindle-shaped, fibroblast-like
cells (Fig. 1A). To confirm the possible occurrence of EMT in spindle
cell SCC, we stained specimens of spindle cell SCC and SCC without
spindle cells (non-spindle SCC) with E-cadherin and vimentin anti-
bodies (Fig. 1B). Staining with an E-cadherin antibody revealed a
honeycomb pattern in non-spindle SCC but significantly reduced
staining in spindle cell SCC. However, there was little or no vimen-
tin or Snail expression in non-spindle SCC. Spindle cell SCC showed
cytoplasmic staining for vimentin and nuclear staining of Snail.
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Fig. 1. Expression of E-cadherin, vimentin, Snail, and COX-2 in non-spindle SCC and spindle cell SCC. (A) Spindle cell SCC exhibiting undifferentiated spindle-shaped,
fibroblast-like cells [hematoxylin and eosin stain (H&E); original magnification x200]. (B) E-cadherin was detected in non-spindle SCC in a honeycomb pattern, but not in
spindle cell SCC. There was little to no staining of vimentin or Snail in non-spindle SCC. Although COX-2 was expressed in some but not all non-spindle SCC, it was
significantly reduced in spindle cell SCC. Among six specimens of cutaneous spindle cell SCC and three specimens of non-spindle SCC, the representative results of each SCC

are shown.

These data strongly suggest that spindle cell SCC occurred as a re-
sult of EMT in SCC of epithelial nature. Interestingly, we observed
that COX-2 was down-regulated in spindle cell SCC; although
COX-2 expression was observed in some but not all of non-spindle
SCC, it was significantly reduced in spindle cell SCC (Fig. 1B).

3.2. Expression of Snail in human epidermal cancer cells results in
COX-2 down-regulation

The data presented above suggested that EMT induced upon
Snail expression may be related to COX-2 down-regulation. To
examine this possibility, we established stable Snail transfectants
using cutaneous SCC cell lines (HSC5 and A431 cells) and precan-
cerous keratinocytes (HaCaT cells). Expression of Snail in HSC5
cells induced morphological changes; the cells became fibroblastic
(Fig. 2A), and were not stained with an anti-E-cadherin antibody
(Fig. 2B). Snail expression in HaCaT cells also induced morpholog-
ical changes (data not shown), and these cells were not stained
with an anti-E-cadherin antibody (Fig. 2B). We previously showed

A HSC5 Neo
phase

HSC5 Neo HSC5 Snail

E-cadherin

that ectopic expression of Snail in A431 cells induced EMT, in
which the cells change from an epithelial to fibroblastic morphol-
ogy, and the down-regulation of E-cadherin [18]. Immunoblot
analysis revealed that Snail expression in A431, HSC5, and HaCaT
cells reduced E-cadherin expression and induced vimentin expres-
sion (Fig. 3A), and thus these changes can be classified as EMT.

Consistent with our observations of clinical specimens in which
spindle cell SCC expressing Snail showed reduced COX-2 expres-
sion, stable Snail transfectants also had lower COX-2 expression
based on immunoblot analyses (Fig. 3A). RT-PCR analysis revealed
virtually no COX-2 mRNA in stable Snail transfectants of A431 cells
(Fig. 3B). Thus, Snail down-regulates COX-2 at the transcriptional
level.

3.3. The effects of Snail on the activity of the COX-2 promoter

To further confirm that Snail down-regulates COX-2 at the tran-
scriptional level, we performed reporter assays. We transfected re-
porter constructs containing the COX-2 promoter (Fig. 4A) into

HSC5 Snail

phase

HaCaT Neo HaCaT Snail

Fig. 2. Expression of Snail in human epidermal cancer cells results in EMT. (A) Phase contrast microscopic observation reveals morphological changes induced by Snail
expression. Immunofluorescence staining with anti-HA antibodies shows the nuclear localization of the Snail protein in HSC5 cells transfected with an HA-tagged Snail
expression vector. Bar, 50 pm. (B) Staining with E-cadherin antibodies shows that HSC5 cells or HaCaT cells transfected with a control vector (HSC5 Neo and HaCaT Neo) are
positive for E-cadherin while cells expressing Snail (HSC5 Snail and HaCaT Snail) are negative. Bar, 50 um.
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Fig. 3. Expression of Snail in human epidermal cancer cells results in decreased
COX-2 expression. (A) Immunoblot analysis of stable Snail transfectants. Proteins
were detected with the indicated antibodies in order to assess changes in the
expression of proteins involved in EMT. Stable Snail transfectants (A431 Snail, HSC5
Snail, and HaCaT Snail) and control transfectants (A431 Neo, HSC5 Neo, and HaCaT
Neo) were lysed in SDS sample buffer and subjected to immunoblot analysis. HA-
tagged Snail protein was detected with anti-HA antibodies. E-cadherin and COX-2
expression was down-regulated, while that of vimentin was increased in Snail-
expressing cells. Vinculin serves as an internal protein loading control. (B) RT-PCR
analysis of COX-2 mRNA in A431 Neo and A431 Snail cells. B-Actin was used as an
internal control.

I L1

I I | Luciferase

-1432/+59
-327/+59
—  -134/+59

B E-cadherin promoter C
(-178/+66)

COX-2 promoter
(-1432/+59)

=
o
=
o

Relative activity
o
(9]
Relative activity
o
(9,
-

Neo  Snail Neo  Snail

O

COX-2 promoter
(-327/+59)

COX-2 promoter
(-134/+59)

0.5F

Relative activity M
-

Relative activity
o =
(%,

Neo  Snail Neo  Snail

Fig. 4. Snail-induced down-regulation of COX-2 expression is attributed to
decreased promoter activity. (A) The promoter region of human COX-2 in which
four possible Snail-binding sites (CANNTG) in positions —525 to —520, —427 to
—422, —188 to —183, and —134 to —129 are indicated by shadowed boxes. The
putative transcription start point is denoted by +1 [19]. The full-length and two
deletion constructs used for the assays are shown. Snail-mediated repression of the
promoter activities of human E-cadherin (B) and COX-2 (C) in HEK293T cells.
Reporter constructs carrying the promoters for human E-cadherin or COX-2 were
co-transfected with the pCAG-Snail vector or empty pCAGneo vector. The promoter
activities of E-cadherin and COX-2 were repressed upon Snail expression. Although
a deletion construct containing the two proximal binding sites (—327 to +59) was
repressed by Snail (D), another deletion construct containing only the most
proximal binding site (—134 to +59) was not repressed by Snail (E), indicating that
this site (—188 to —183) is likely the Snail-binding site. The results are represented
as the mean + SD of three independent experiments.

HEK293T cells and analyzed promoter activity. Consistent with the
RT-PCR analysis, the activity of the construct containing the COX-2
promoter (position numbers —1432 to +59) was repressed upon
Snail expression in a manner similar to that for E-cadherin (posi-
tion numbers —178 to +66) (Fig. 4B and C). This promoter region
contains four putative Snail-binding sequences (CANNTG). A dele-
tion construct containing the two proximal binding sites (—327 to
+59) was repressed by Snail expression (Fig. 4D). However, another
deletion construct containing only the most proximal binding site
(=134 to +59) was not repressed by Snail expression (Fig. 4E), indi-
cating that this site (—188 to —183) is likely the Snail-binding site.

4. Discussion

In the present study, we showed that cutaneous spindle cell SCC
has characteristics of cancer cells that have undergone EMT. While
non-spindle SCC (SCC without spindle cells) expressed E-cadherin
in a honeycomb pattern and did not exhibit vimentin staining, spin-
dle cell SCC had no or significantly reduced E-cadherin expression
and was positive for vimentin staining. Since these changes, such
as loss of epithelial and gain of mesenchymal markers, are hallmarks
of EMT [4-6], cutaneous spindle cell SCC can be classified as cells
that have undergone EMT. Consistent with our observations, previ-
ous papers reported that cutaneous spindle cell SCC is positive for
vimentin [22] and negative for some but not all types of cytokeratins,
such as AE1/3 or K903 [23]. Since these studies did not examine both
epithelial and mesenchymal markers, to the best of our knowledge,
our study is the first to show that EMT occurs in cutaneous spindle
cell SCC. We further demonstrate that Snail, an EMT inducer, is ex-
pressed in cutaneous spindle cell SCC.

Ectopic expression of Snail in HSC5 or A431 cells, human SCC
cell lines, or in HaCaT cells, immortalized human keratinocytes, in-
duced changes that are characteristic of EMT. The observed
changes included the acquisition of a fibroblast-like morphology
and decreased expression of E-cadherin at sites of cell-cell contact.
Immunoblot analysis showed significantly reduced E-cadherin
expression and increased vimentin expression. In addition, the
SCC cell lines A431 and HSC5 express higher amounts of the
COX-2 protein compared to HaCaT cells, a precancerous keratino-
cyte line, but this COX-2 expression was down-regulated by Snail.
RT-PCR analyses also revealed decreased COX-2 mRNA levels in
A431 cells expressing Snail. Thus, Snail expression decreased
COX-2 expression at the transcriptional level. Consistent with
these findings, the activity of the reporter construct containing
the COX-2 promoter was repressed in the presence of Snail.

COX-2 is frequently up-regulated in various cancers, and ele-
vated COX-2 expression is associated with tumor invasion, metas-
tasis, and a poor prognosis in non-small cell lung cancer [24]. Since
its expression is tightly coupled to cellular activity, rapid in onset,
and transient, COX-2 can be defined as an immediate early gene
[25]. A recent study showed that COX-2 and PGE2 expression in
lung cancer cells results in a significant reduction in E-cadherin
through a mechanism that requires the transcription factors ZEB1
and Snail, and that inhibition of COX-2 rescues E-cadherin expres-
sion [26]. Furthermore, Snail has been reported to increase COX-2
expression [27]. In addition to WSU-HN13 cells (with which 18-
fold increase of COX-2 mRNA by Snail was observed), Lyons et al.
[27] found 1.93-fold and 3.66-fold increase of COX-2 mRNA by
Snail with A431 and HaCaT cells (cell lines used in our study).
Our current results, however, show that Snail down-regulates
COX-2 expression. The reason for this discrepancy is unknown.
One possible explanation for these apparent contradictory findings
might be that different Snail constructs were used. We used HA-
tagged Snail, whereas Lyons et al. [27] used a fusion protein with
the mutant estrogen receptor hormone-binding domain. To repress
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E-cadherin promoter, Snail needs to interact with histone deaceth-
ylase and corepressor mSin3A [28]. Furthermore, the interactions
of Snail with transcription regulators such as CtBP and p300 are
critical for the action of Snail [29]. Compared with HA tag, the
estrogen receptor hormon-binding domain (36 kDa) is very large.
Therefore, the presence of the domain may have some influence
on these interactions and give different results. It has previously
been shown that the addition of the hormone-binding domain to
proteins has profound effects on the activity of transcription fac-
tors such as c-Fos [30].

Contrary to the observations mentioned above, a large body of
experimental work indicates that PGE2 functions as an antifibrotic
factor and that reduced PGE2 levels contribute to the pathogenesis
of fibrosis [31,32]. In cultured lung fibroblasts, PGE2 expression re-
sults in suppressed cell proliferation [33], collagen production
[32,34], and fibroblast-to-myofibroblast transition [35]. Further-
more, a recent study indicated that PGE2 potently inhibits EMT
in renal epithelial cells and that COX-2-derived PGE2 partially
mediates the antifibrotic effects of HGF [36]. If PGE2 has inhibitory
effects on EMT, it seems reasonable that Snail, an EMT inducer,
down-regulates COX-2, whose metabolite is a potent inhibitor of
EMT.

Immunohistochemical staining of non-spindle SCC revealed
heterogeneity in COX-2 expression, i.e., some cells were strongly
stained while others were weakly stained with COX-2 antibodies.
Thus, the environment, such as stroma cells surrounding carci-
noma cells and the cytokines within the intercellular spaces, may
strongly influence COX-2 expression. Cell context-dependent
expression and transient nature of COX-2 expression should also
be considered. Thus, additional studies are required to learn more
about the mechanisms that regulate COX-2 expression.
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