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Abstract
The overexpression of cyclooxygenase (COX)-2 is a frequent event in squamous cell carcinomas
of the head and neck (HNSCC), and non-steroidal anti-inflammatory drugs, which are potent
inhibitors of COX-1 and COX-2, exert chemopreventive effects on HNSCC cancer development.
COX-2 promotes the release of the pro-inflammatory mediator prostaglandin E2 (PGE2), which
acts on its cell surface G protein-coupled receptors EP1, EP2, EP3, and EP4. Here, we investigated
the role of PGE2 and its receptors in cellular proliferation in HNSCC. The expression of COX-2
and EP1-4 was examined in immortalized oral epithelial cells and in a representative panel of
HNSCC cell lines, and based on these data EP1-EP3 and COX-2 expression were evaluated by
immunohistochemistry in a large clinical sample collection using HNSCC tissue microarrays. The
ability of selective COX-2 inhibition to block PGE2 secretion was measured by ELISA specific
assays. The effects of PGE2 on cell proliferation were evaluated using PGE2, its stable analog,
and EP2 and EP3-specific synthetic agonists. The results presented here show that HNSCC
tumoral lesions and their derived cell lines constitutively express COX-2 and the EP1, EP2 and
EP3 receptors for PGE2. HNSCC cells secrete PGE2, which can be suppressed by low
concentrations of COX-2 selective inhibitors, without inhibiting cell proliferation. Exogenously
added stable PGE2 and EP3-specific agonists induce DNA synthesis in all HNSCC cell lines
tested. Overall, our study supports the emerging notion that PGE2 produced in the tumor
microenvironment by the overexpression of COX-2 in tumoral and inflammatory cells may
promote the growth of HNSCC cells in an autocrine and paracrine fashion by acting on PGE2
receptors that are widely expressed in most HNSCC cancer cells. In particular, our findings
suggest that EP3 receptor may play a more prominent role in HNSCC cell growth promotion, thus
providing a rationale for the future evaluation of this PGE2 receptor as a target for HNSCC
prevention strategies.
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Introduction
With approximately 500,000 new cases and 250,000 deaths annually, squamous cell
carcinomas of the head and neck (HNSCC) represents one of the six most common cancers
in the world1-2. The survival of HNSCC patients is poor and there has been limited
improvement in the last three decades1. Although HNSCC has well recognized risk factors,
including tobacco use, excess alcohol consumption, and infection by high risk
papillomaviruses2-3, we still have an incomplete knowledge of the mechanisms underlying
the malignant progression of this cancer type 2. Of interest, non-steroidal anti-inflammatory
drugs, which are potent inhibitors of cyclooxygenase (COX), have been shown to exert
chemopreventive effects on cancer development4-7. There are two isoforms of
cyclooxygenase: COX-1 and COX-2. While COX-1 is found constitutively expressed in
almost all tissues, COX-2 is the enzyme responsible for the high output production of
prostanoids (prostaglandins and thromboxanes) from arachidonic acid in multiple
pathophysiological conditions, including cancer8. Up-regulation of COX-2 is a frequent
event in human malignancies, including colon and lung cancer, and HNSCC, and its up-
regulation can be linked with increased angiogenesis and metastasis8-9.
Immunohistochemical reactivity for COX-2 in HNSCC has been extensively
investigated10-12, and recently described in the context of other molecular alterations 9.

The COX-2-initiated signaling pathways can control cell proliferation; hence molecules
involved in COX-2 signaling represent attractive targets in mechanisms-directed cancer
prevention and therapy. Indeed, there is a growing interest in developing antagonists for the
E series of prostaglandin (EP) receptors, designated as EP1 to EP4. Their procarcinogenic
role is supported by knockout animals studies. For example, disruption of the EP2 receptor
decreases the number and size of intestinal polyps and the intensity of angiogenesis in
genetically colon cancer prone mice, APCMin mice13. EP3 receptor-knockout mice develop
less tumor-associated blood vessels due to reduced expression of vascular endothelium
growth factor14. However, which EP receptors are expressed in HNSCC has not been fully
explored, and the precise role of each EP receptor in HNSCC pathogenesis has yet to be
elucidated. Here, we investigated the involvement of EP receptors and the proliferative
potential of PGE2. We found that EP1, EP2 and EP3 receptors are widely expressed in
HNSCC tissues and their derived cell lines. We also show that the COX-2 metabolite,
PGE2, can stimulate HNSCC cell proliferation, and present evidence for a likely
predominant role of EP3 receptors.

Materials and Methods
Reagents

PGE2, dmPGE2 (16,16-dimethyl prostaglandin E2), butaprost (EP2 receptor agonist),
sulprostone (EP3 receptor agonist), and antibodies against EP1, EP2 and EP4 receptors were
purchased from Cayman Chemical (Ann Arbor, MI, USA). EP3 receptor antibody and
GAPDH antibody were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA), and COX-2 antibody was from BD Transduction (San Jose, CA, USA). Celecoxib
(COX-2 selective inhibitor) was kindly provided by Pfizer (Sao Paulo, SP, Brazil) and
indomethacin was purchase from Sigma-Aldrich (St. Louis, MO, USA). Reagents for
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electrophoresis were obtained from Bio-Rad (Hercules, CA, USA), Quality Biological
(Gaithersburg, MD, USA) and KD Medical (Columbia, MD, USA).

Cell Lines and Culture Conditions
HNSCC cell lines (HN6, HN12, HN13, HN30, Cal27, UMSCC17B and OSCC3), normal
oral keratinocyte spontaneously immortalized cell line (NOK-SI), and, HEK293T cells were
maintained in DMEM (Dulbelco's Modified Eagle's Medium) medium supplemented with
10% fetal bovine serum, 100 U/ml penicillin, and 100 μg/ml streptomycin at 37°C in a
humidified atmosphere of 5% CO2 and 95% air.

[3H]Thymidine Incorporation Assay
DNA-synthesis assays were performed by measuring the incorporation of [3H] thymidine
into cellular DNA. Serum starved subconfluent cell were exposed to antagonists or
inhibitors for 1 h, and stimulated with PGE2 or selective EP receptor agonists as indicated
for 24 h, adding 0.5 μCi/ml [3H] thymidine for the last 4 h of incubation. Results were
expressed as the mean ± S.E.M. for at least three independent experiments. Statistical
analysis was performed by ANOVA using GraphPad Prism 5.0 (GraphPad software, San
Diego, CA). P values less than 0.05 were considered statistically significant (*p <0.05;
**p<0.01; ***p<0.001; NS-not significant).

Western Blotting
HNSCC, oral keratinocytes and HEK293T cells were washed, and lysed in cell lysis buffer
(0.2 M Tris pH 7.5, SDS 20%, 14.3 M 2-betamercaptoetanol) containing protease inhibitors.
Thirty μg of protein was resolved into SDS-polyacrylamide gel electrophoresis and Westen
blotting was conducted using standard techniques.

PGE2 Assay
PGE2 secreted in the conditioned cell culture media of serum-starved cells for 24hs with and
without COX inhibitors was measured using a PGE2 EIA kit from Cayman (Ann Arbor, MI,
USA) according to the manufacturer's instructions.

Cell Viability Assay
Cell viability assay was performed in serum-starved cells treated or not with COX inhibitors
in 96 well plates using the CellTiter 96® AQueous Non-Radioactive Cell Proliferation
Assay (MTS) (Promega, Madison, WI, USA), based on the manufacturer's
recommendations.

Tissue Microarrays and Immunohistochemistry
Individual formalin-fixed HNSCC tissues and tissue microarrays (TMAs) containing
approximately 460 cases were obtained from the NIDCR (Bethesda, MD) 9. Briefly,
individual paraffin-embedded HNSCC tissues were arrayed and processed following the
standard methodology (www.cancer.gov/tarp). Immunohistochemistry was performed as
previously described9, using anti–EP1, anti-EP2 (Cayman Chemicals), anti-EP3 (Santa Cruz
Biotechnology, Inc.), for 1 h at room temperature and anti-COX-2 (BD Transduction), anti-
p53 (Cell Signaling Technology, Inc.) and anti-EGFR (DAKO) overnight at 4°C. Antibodies
were diluted 1:100 in 2.5% BSA in PBS, but p53 monoclonal antibody (1:40). All
immunostainings were assessed by two experienced pathologists. Images were taken using
ScanScope CS System (Aperio Technologies, Inc., Vista, CA, USA). The tumors were
scored according to the % of positive tumors cells: 0 (0-10% positive cells), 1 (10-25%
positive cells), 2 (25-50% positive cells), 3 (50-75% positive cells) and 4 (75-100% positive
cells) and classified a in well differentiated (WD), moderately differentiated (MD) and
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poorly differentiated (PD)9. Statistical analysis was performed by Spearman correlation,
Kruskall-Wallis and Mann Whitney test. p < 0.05 was considered statistically significant.
Cluster program with average linkage based on Pearson's correlation coefficient as the
selection variable was used for hierarchical analysis, and visualized using the TreeView
program9. Two biomarkers with a close relationship are located next to each other.

Results
HNSCC cell lines and tissues express COX-2 and EP1, EP2, and EP3 receptors

To investigate the expression pattern of COX-2 and the PGE2 receptors EP1-4 in HNSCC,
we first performed a Western blotting screening with seven representative HNSCC cell
lines, and one human immortalized oral keratinocyte cell line (NOK-SI). Lysates from
HEK293T cells transfected with EP1, EP2, EP3 and EP4 expression vectors were used as
controls. As shown in Figure 1, all EP receptors were overexpressed in transfected cells.
EP1 was detected in four HNSCC cell lines, but EP2 and EP3 were quite widespread,
detectable in 6 of the 7 HNSCC cell lines analyzed. None of the HNSCC cell lines expressed
EP4 receptors. Normal NOK-SI expressed EP1, EP2, and EP3 but not EP4 receptors.
COX-2 expression was observed in 4 out of 7 HNSCC cell lines and in NOK-SI.

To validate the observations in cell culture, expression analysis was performed by
immunohistochemistry in HNSCC TMAs. Analysis of the levels of p53, which reflects the
accumulation of its mutant form, and EGFR expression, both of which are highly expressed
in HNSCC, served as controls. Two hundred and fourteen cases (86%) were positive for
COX-2, 288 (87%) for EP1 receptor, 277 (96%) for EP2 receptor, and 272 for EP3 (94%),
with same variations in their staining intensity levels (Figure 2). As a reference, 86 cases
were positive for p53 (36%) and 300 for EGFR (97%) as we previously described 9. Most of
the positive cases were in a moderate differentiation grade9 for all four markers. Kruskall-
Wallis test and the Spearman rank test showed correlation between EP receptors EP1 and
EP2, EP1 and EP3, and EP2 and EP3 (Table 1). A correlation was also observed between
EP1 and COX-2. The unsupervised cluster analysis and heatmap representation of samples
for which at least three of the four markers were available, revealed that COX-2, EP1, EP2
and EP3 clustered together (Figure 3). However, their expression did not correlate with the
status of p53 protein expression, suggesting that their upregulation may occur independently
form the genetic alterations processes that result in p53 mutations. In this regard, although
additional work is necessary, preliminary observations suggest that HNSCC cases
expressing p16 are also positive for COX-2 and EP receptors, suggesting the possibility that
HPV-associated HNSCC may also express these key pro-inflammatory and growth
promoting pathways. Overall, most cancer cells expressing COX-2 also express one or more
EP receptors, suggesting that the locally produced PGE2 may act in a paracrine or autocrine
fashion on EP receptor-expressing cancer cells.

COX-2 inhibitors suppress PGE2 production by HNSCC cell lines but do not affect cell
viability

We next explored whether cells expressing both COX-2 and EPs were able to produce PGE2
and to confirm that COX inhibitors were able to reduce its production. Indomethacin is a
non-selective COX inhibitor that acts on both COX-1 and COX-2, while celecoxib is a
COX-2 selective inhibitor. As an example, HN13 and OSCC3 cell lines produced significant
levels of PGE2, which was reduced by indomethacin and celecoxib (Figure 4). Only
celecoxib reduced HNSCC cell viability at high concentrations (50 μM), as reported6.
However, that was not the case at lower concentrations that may be more clinically relevant,
considering that the maximum serum concentration achieved in patients is around 10 μM15,
a concentration already effective in inhibiting PGE2 production. On the other hand, NOK-SI
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cells overexpress COX-2 but release limited amounts of PGE2 (Figure 4A), suggesting that
PGE2 production in cancer cells requires molecular alterations in addition to those resulting
in COX-2 expression. Together, these observations strongly suggest that COX-2 activity is
often elevated in HNSCC cells but that COX-2 inhibition by the use of general or selective
COX-2 inhibitors is not sufficient to affect the short term in vitro growth of HNSCC cells at
clinically relevant concentrations.

PGE2, dmPGE2, butaprost and sulprostone can induce cell proliferation in HNSCC cell
lines

We next explored whether exogenous PGE2 can promote HNSCC cell proliferation and if so
addressed which EP receptors contribute to the growth promoting activity of PGE2 in
HNSCC cell lines. For these experiments, we stimulated HNSCC cells with PGE2, dmPGE2
(a stable PGE2 analog), butaprost (selective EP2 agonist) and sulprostone (selective EP3
agonist). Both PGE2 and dmPGE2 induced HNSCC cell proliferation significantly (Figure
5). However dmPGE2 proved to be more potent as it stimulated cell proliferation in the
three HNSCC cell lines HN13, and in NOK-SI, while PGE2 induced proliferation in HN13
and OSCC3 cells. This difference likely arises from the fact that mPGE2 is a stable analog
of PGE2, hence it may remain active for the extended period of time required for mitogenic
assays.

As part of an effort to address which receptors are involved in this growth induction, cells
were treated with butaprost and sulprostone, two EP-specific agonists, and found that
sulprostone is more efficient than butaprost (Figure 5B). This observation strongly suggests
that in HNSCC EP3 is more relevant for cell proliferation induction than EP2. Indeed,
sulprostone stimulated all cell lines analyzed. Interestingly at higher doses (10 μM)
butaprost dramatically reduced cell proliferation in HN13 and HN12 cells and even lower
doses of this drug (1 μM) reduced OSCC3 cell proliferation. This suggests that in some
HNSCC cells EP2 may exert a growth inhibitory activity, while EP3 may elicit a pro-
proliferative response. As both receptors are activated by PGE2, these data suggest that the
balance between these two opposing activities may ultimately determine the biological
response to locally produced PGE2.

Discussion
Accumulating evidence shows that COX-2 is widely overexpressed in HNSCC9,11,16-17.
Consequently, HNSCC are able to secrete PGE2 16,18-19, but the contribution of PGE2
receptors to HNSCC progression is not fully established. In colon cancer, COX-2
overexpression and PGE2 production is often linked with EP2 activation, which triggers
growth promoting signaling pathways such as β-catenin20 as well as leukocyte recruitment
and angiogenesis21 by multiple G-protein regulated intracellular signaling pathways4, 21, 22.
Aligned with previously published reports, COX-2 was found to be overexpressed in most
HNSCC cases, although its expression was observed in 50% of the HNSCC cell lines
analyzed. This difference may arise from the observation that COX-2 expression may be
reduced in HNSCC during late stages of oral carcinogenesis23, which are the likely origin of
most HNSCC cell lines. On the other hand, while inflammatory processes within the tumor
microenvironment may account for the widespread expression of COX-2 in tumoral and
stromal cells in vivo, COX-2 expression in cultured HNSCC cell lines is variable, as it may
depend on multiple molecular mechanisms intrinsically disregulated in these cells24-25.
However, even HNSCC cells that do not express COX-2 constitutively can still respond
mitogenically to PGE2, as these cancer cells often express one or more PGE2 receptors.

While the role of PGE2 receptors in cancer is well established for colon and lung cancer4,
few studies have evaluated their participation in HNSCC6. EP3 antagonists were shown to
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diminish the growth of HNSCC cells6, aligned with our present observation that EP3
agonists promote mitogenic responses in most HNSCC cell lines tested. In addition, we
show here that EP1, EP2 and EP3 receptors are expressed in almost all tumor tissues and
cell lines analyzed. While EP4 appears to play a role in colon cancer together with EP220,
none of the HNSCC cell lines expressed this EP receptor, suggesting that this receptor likely
does not participate in HNSCC, even if these cells may express some EP4 mRNA6, 26.
Expression of EP1 and EP3 has been suggested to have prognostic value in HNSCC6, albeit
most previous studies analyzed EP1 and EP3 only at the mRNA level26. For example,
mRNA expression analysis suggested that EP3 does not contribute to tumor behavior26, but
others proposed that EP3 may participate in HNSCC6. On the other hand, EP2 may
participate in oesophageal carcinomas27-28 but it may be less relevant for HNSCC as judged
by its more limited ability to promote HNSCC cell growth.

Indeed, which EP receptor can transduce PGE2-induced proliferative signals in HNSCC is
poorly understood. We observed that PGE2 can induce DNA-synthesis in HNSCC cells,
with dmPGE2 more potent than PGE2, given its enhanced stability. The EP2 agonist
butaprost and the EP3 agonist sulprostone can induce cell proliferation, but the EP2 agonist
reduced proliferation at higher doses, while sulprostone promoted DNA-synthesis in all cell
lines tested. Altogether, our emerging results based on EP agonist selectivity and levels of
EP receptor expression suggest that while EP2 may play a role in HNSCC, EP3 may
represent the most widely and likely candidate to mediate the proliferative responses to
PGE2, and hence to this potent inflammatory mediator that accumulates in HNSCC lesions.

The knowledge of dysregulated molecular mechanisms underlying the maintenance and the
progression of HNSCC may provide a rational foundation to explore new treatment
modalities and may provide valuable tools for the development of novel molecular-targeted
therapies. COX-2 seems to act in the initial phases of HNSCC progression, but its specific
targets are yet to be identified. In this regard, PGE2 is likely to accumulate at very high
levels in the tumor microenvironment, as it can be produced by the action of COX2
expressed in both cancer and stromal cells. Hence, by acting on EP receptors expressed in
HNSCC cells, PGE2 may contribute to increase HNSCC cell proliferative potential. In this
regard, COX-2 and PGE2 blocking therapies, as well as EP3-specific antagonists, may
represent helpful approaches as adjuvants in HNSCC treatment for patients at the initial
stages of HNSCC development.
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Figure 1. HNSCC cell lines express COX-2, EP1, EP2 and EP3 but not EP4 A
COX-2 expression in HN13, UMSCC17, Cal27, OSCC3 and HN30. B. Expression of the
indicated EP receptors was examined in HNSCC cell lines and NOK-SI. Transfected HEK
293T with EP1, EP2, EP3 and EP4 cDNAs (as described in 20) were used as positive
controls. GAPDH was used as loading control.
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Figure 2. HNSCC tumors express COX-2, EP1, EP2 and EP3
Representative cores of HNSCC tissues with immunohistochemical staining for the
indicated proteins. The four proteins investigated, EP1, EP2, EP3 and COX-2 showed a
cytoplasmatic staining. Magnification, x10; insets, x40.
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Figure 3. Expression of PGE2 receptors in human HNSCC
Immunohistochemical analysis in HNSCC lesions. A-Distribution of the number of positive
cases for each marker, depicting their relative staining intensities. B. Distribution of positive
cases in relationship to the differentiation degrees. No differences were observed between
well differentiated (WD), moderately differentiated (MD) and poorly differentiated (PD) for
all proteins (ns) except to EP2 (p<0.05; WD x MD). C. Heat map with cluster analysis
showing a strong correlation between EP1, EP2, EP3, and COX-2, suggesting that COX-2
dependent secretion of PGE2 may act in autocrine/paracrine fashion on tumor cells. The
expression of EGFR but not p53 correlated with COX-2 and its downstream receptor targets.
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Figure 4. PGE2 secretion in HNSCC cells
A. PGE2 secretion levels in NOK-SI, HN13, HN12, and OSCC3 cells. B. PGE2 secretion
inhibition in OSCC3 and HN13 as representative cells treated with celecoxib and
indomethacin for 24h. No differences were observed regarding the COX-2 selectivity of
these drugs. Lower doses (1 and 10 μM) were able to inhibit PGE2 secretion (p<0.001). C.
MTS viability curve. Drug doses able to inhibit PGE2 secretion had no biological effects in
both HNSCC cells and in NOK-SI after 24h of treatment. Similar results were observed after
treatment for longer periods of time (2 and 3 days, not shown). Only higher doses decreased
cell viability.
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Figure 5A. PGE2 and dmPGE2 DNA-synthesis induction in HNSCC cell lines
HNSCC cell lines were stimulated with the indicated concentrations of PGE2 and mPGE2,
and DNA synthesis was investigated by [3H] thymidine incorporation. Similar results were
obtained in 2-3 independent experiments for each cell line.
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Figure 5B. Effect of the EP2 agonist, butaprost, and the EP3 agonist, sulprostone, on DNA
synthesis in the indicated HNSCC cells
The EP3 agonist (sulprostone) is a potent mitogen in all HNSCC cell lines tested, whereas
the EP2 agonist (butaprost) may exert a variable proliferative or antiproliferative effect.
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