COX-2, mPGES-1 and EP2 receptor immunohistochemical expression in canine and

feline malignant mammary tumours

Francesca Millanta*, Pietro Asproni, Alberto Canale, Simonetta Citi and Alessandro Poli

Department of Veterinary Science, University of Pisa, Pisa (Italy)
Viale delle Piagge 2, 56124 Pisa, Italy

Running headline: COX-2, mPGES-1 and EP2 receptor in mammary tumours

*Corresponding author. Tel.: +39 0502216989

e-mail: millans@vet.unipi.it (F. Millanta)



mailto:millans@vet.unipi.it

Abstract

Prostaglandin (PG) signaling is involved in human and animal cancer development. PG E;
(PGE>) tumour-promoting activity has been confirmed and its production is controlled by
Cyclooxygenase-2 (COX-2) and microsomal PGE synthase-1 (MPGES-1). Evidence suggests
that mPGES-1 and COX-2 contribute to carcinogenesis through the EP2 receptor. The aim of
our study was to detect by immunohistochemistry COX-2, mPGES-1, and EP2 receptor
expression in canine (n=46) and feline (n=50) mammary tumors and in mammary non-
neoplastic tissues. COX-2 positivity was observed in 83% canine and 81% feline mammary
carcinomas, mPGES-1 in 75% canine and 66% feline mammary carcinomas and the EP2
receptor expression was observed in 89% canine and 54% feline carcinomas. The frequency
of COX-2, EP2 receptor and mPGES-1 expression was significantly higher in carcinomas
than in non-neoplastic tissues and adenomas. COX-2, mPGES-1 and EP2 receptor expression
was strongly associated. These findings support a role of the COX-2/PGE2 pathway in the

pathogenesis of these tumors.
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INTRODUCTION

Cyclooxygenase (COX) is an enzyme involved in the production of prostaglandins
(PGs) from the arachidonic acid. COX-1 is constitutively expressed in most tissues, while in
humans COX-2 is constitutively expressed in specific tissues as brain, spinal cord and kidney,
but it is generally induced by several cytokines and mitogens." COX-2 levels are elevated in
a high percentage of various human tumours, such as colorectal, gastric, mammary, prostatic
and pulmonary tumours.”>  COX-2 expression has also been detected in canine®’ and feline

mammary tumours®%?®

(CMT and FMT, respectively) and in both species an up-regulation of
COX-2 expression has been documented in malignant tumours.

Most, if not all, actions of COX-2 are mediated by Prostaglandin E, (PGE,).)® COX-2
produces Prostaglandin H, (PGH,), which is converted to PGE; by cytosolic or membrane-
associated PGE-2 synthases (PGES). The inducible form of PGES is microsomal PGES-1
(MPGES-1). COX-2 and mPGES-1 have been reported to be functionally linked,'* raising the
possibility that aberrant mPGES-1 expression could contribute to increased amounts of PGE;
in cancer. The fact that mPGES-1 expression has been observed in human cancers that also
commonly overexpress COX-2 is consistent with a role of mPGES-1 in the increase of PGE,

concentration noted in several malignancies.****

PGE, exerts its activity by acting on a
group of G-protein-coupled receptors, designated subtypes EP1, EP2, EP3 and EP4. Each EP
subtype shows differences in signal transduction, tissue localization and regulation of
expression.”®  Differential expression of these EP receptors mediates the diverse and often
antagonistic effects of PGE, on a variety of cell types.'® PGE2 may promote malignant
growth by stimulating angiogenesis, tumour invasiveness, and apoptosis resistance, and by

inhibiting immune surveillance.>  Thus, the PGE,-EP pathway may play a role in the

development of tumours. Amongst the four subtypes, EP2 receptor has been shown to be



implicated in the control of intestinal polyp angiogenesis and growth.” Recently, it has been
described that EP2 receptor is required for mammary epithelial hyperplasia in COX-2
transgenic mice, and that in mammary tumour cell lines the expression of EP2 receptor
followed by an EP-2 specific agonist strongly induced the expression of amphiregulin, a
potent growth factor.®

Due to the epidemiological relevance of mammary malignant tumours in the canine
and feline species and the aggressive behavior of these tumours, the aim of this study was to
investigate the events downstream to COX-2 that lead to an increased PGE; production and
to provide a rationale for targeting PGE, rather than inhibiting the production of all the COX-
derived prostanoids. We therefore analyzed by immunohistochemistry (IHC) the expression
of COX-2, mPGES and EP2 receptor in a sample of canine mammary adenomas and
carcinomas and feline mammary carcinomas, as well as healthy and hyperplastic mammary

tissues.

MATERIALS AND METHODS
Animals

This study was retrospectively performed on 74 canine and 60 feline neoplastic and
non-neoplastic mammary tissue samples retrieved from the archives of the Tumour Registry
of the Department of Veterinary Science of the University of Pisa. Non-neoplastic tissues
consisted of 6 samples of canine and 10 feline healthy mammary glands and 22 canine
mammary hyperplasias. Neoplastic mammary tissues (46 canine and 50 feline) were collected
from bitches and queen who had surgically treated for mammary disease at the same
Department and submitted to histological diagnosis.  The mean age +SD of the bitches

bearing mammary tumours was 9.0 £ 2.4 years, range (4-16 years), while the mean age of the



queens bearing mammary tumours was 11.0 + 2.8 years, range (4-19 years). All the patients
had undergone local mastectomy for the onset of masses involving a single mammary gland.
Both bitches and queens bearing carcinoma were submitted to a 2-years follow-up study to
evaluate survival times. At the end of the follow-up period 26/36 (72.2%) bitches and 14/50
(28.0%) queens were still alive, while 10/36 bitches (27.8%) and 36/50 queens (72.0%) had

died due to tumor-related causes.

Histology

Representative mammary specimens were fixed in buffered formalin and embedded in
paraffin wax. Histological examination was performed on 4 um-thick sections stained with
hematoxylin and eosin (HE). Mammary lesions were classified according to the WHO
criteria.”®  For the malignant tumours, the presence of lymphatic involvement was also

recorded, and tumor grading was performed both for canine® and feline? carcinomas.

Immunohistochemistry

The expression of COX-2, mPGES-1 and EP2 receptor was investigated by IHC:
COX-2 expression was analysed according to a previously described protocol® using a goat
polyclonal antibody against COX-2 (Santa Cruz Biotechnology, Santa Cruz, California, USA,
diluted 1 in 50); the mPGES-1 and EP2 receptor expression was evaluated according to

previous studies on human and canine tissues™®#?3

using a rabbit polyclonal antibody against
mPGES-1 (Cayman Chemical, Ann Harbour, Michigan, USA; diluted 1 in 100) and rabbit
polyclonal antibody against EP2 receptor (Cayman Chemical; diluted 1 in 100).  Briefly,
additional sections 4 um-thick tissue sections were mounted on positively-charged Super

Frost® Plus slides (Gerhard Menzel GmbH, Braunschweig, Germany), de-waxed in xylene,

hydrated through a graded series of ethanol and rehydrated in deionised water. For EP2



receptor and m-PGES-1 an unmasking pre-treatment was achieved by microwaving the slides
in citrate buffer solution pH 6.0, for three cycles of five minutes each at 650 W.  After
rinsing in 0.05% Tween Tris-buffered saline solution (TBST, pH 7.6), endogenous peroxidase
activity was blocked by incubation of the sections with H,O, 0.5% in methanol for 10 min
and after this, three washes were performed in TBST. Non-specific reactions were blocked
by incubation with normal rabbit or goat serum (Dako, Glostrup, Denmark; diluted 1 in 10 in
TBST) for 10 min at room temperature.  After three further washes, the sections were
incubated for 1 h at room temperature in humid chambers with the primary antibodies. After
three washes in TBST, the sections incubated with anti-mPGES-1 and anti-EP2 receptor were
incubated with EnVision® (Dako) at room temperature for 30 min, while tissues incubated
with anti-COX-2 were incubated at room temperature for 30 min with a biotinylated horse
anti-goat immunoglobulin reagent (Vectastain®, Vector Laboratories, Burlingame, California,
USA). After washing again with TBTS, the peroxidase reaction was developed for 10 min
with 3, 3’-diaminobenzidine (DAB) (Impact DAB®, Vector Laboratories), blocked with
deionised water and followed by light counterstaining with Mayer’s haematoxylin. Negative
controls were performed by omitting the primary antibody and by replacing the antibody with
species-matched unrelated primary antibodies. Human breast cancer tissue sections known to
express the three antigens (kindly provided by Dr. P. Viacava) were used as positive controls.

Immunolabelling was scored in blinded fashion by two pathologists (FM and AP), and when
there was disagreement (<5% of the slides), a consensus was obtained. COX-2, mPGES-1
and EP2 receptor expression was indicated by the presence of brown cytoplasmic labelling.
The expression of the markers was quantified according to the same scoring system adopted
for COX-2, EP2 receptor and mPGES-1 expression on the bases of previously published

18,22,24

criteria on human and feline and canine tissues.>?®  The method is based on the

evaluation of the staining intensity and the percentage of positive cells: 0, no labelling; +1,



weak diffuse cytoplasmic labelling (may be stronger labelling of < 10% of the cancer cells);
+2, moderate to strong granular cytoplasmic labelling of 10-90% of the cancer cells; +3, >
90% of the tumour cells labelled with strong intensity. ~ For COX-2, mPGES-1 and EP2
receptor expression samples showing +1 to +3 scores were considered as positive, and 0 as
negative. As previous reported,® for COX-2 also the overexpression was included in the
statistical analysis, and samples scored as +2 and +3 were considered as COX-2

overexpressing.

Statistical analysis

Statistical analysis was performed using the statistical package SPSS Advanced
Statistics 13.0 (SPSS Inc., Chicago, lllinois, USA). The Chi square test was used to
investigate the significance of the relationship between antigen expression and histological
diagnosis and antigen expression and the following features: age, tumor size, morphology,
lymphatic invasion, histological grade and overall survival. The threshold for statistical
significance was set at 5%. Correlation between COX-2, mPGES-1 and EP2 receptor

expression scores was evaluated using the Pearson correlation test.

RESULTS

Histology

The histological examination of the 74 canine mammary tissues yielded healthy
mammary glands (n=6, 8.1%), lobular hyperplasia (n=22, 29.7%), simple mammary
adenomas (n=10, 13.5%) and mammary carcinomas (n=36, 48.7%). Of the malignant

tumours, 23/36 (64%) were complex carcinomas, 8/36 (22%) were simple tubulopapillary



carcinomas and 5/36 (14%) were simple solid carcinomas. All the malignant tumours were
invasive: 25/36 (69.4%) were locally invasive while in 11/36 cases (30.6%) the invasion of
lymphatic vessels was observed. Fourteen out of 36 malignant tumours were graded as well
differentiated carcinomas (WDC) (39%), 19/36 as moderately differentiated (MDC) (53%),
and 3/36 as poorly differentiated carcinomas (PDC) (8%). The histologic examination of the
feline mammary samples showed 10 healthy mammary gland tissues and 50 malignant
tumours. Of these latter, all were classified as simple carcinomas. Thirty-five out of 50 (70%)
were of tubulopapillary type, and 15/50 (30%) were solid carcinomas. All the tumour were
invasive, with 29/50 (58%) carcinomas showing lymphatic invasion and 21/50 (42%) that
were only locally invasive. Considering the tumour grading, 13/50 (26%) scored as WDC,

28/50 (56%) as MDC and 9/50 as PDC (18%).

Immunohistochemistry

COX-2, mPGES-1 and EP2 receptor positivity was consistently observed in canine
and feline neoplastic mammary cells, while there was no expression in feline healthy tissues
and only rare expression was observed in the canine healthy (COX-2 = 17%, mPGES-1 =
17%) and hyperplastic tissues (COX-2 = 18%, EP2 receptor = 32%). Both in canine and
feline mammary tissues COX-2 labelling was cytoplasmic and diffuse to granular, often with
perinuclear localization (Figures 1 A and D). COX-2 expression and overexpression is
summarized in Table 1. COX-2 overexpression was observed in 1/6 (16.7%) healthy
mammary glands (with a +2 score), in 4/22 (18.2%) lobular hyperplasias (+2 score), in 2/10
(20%) mammary adenomas (+2 score) and in 30/36 (83.3%) mammary carcinomas. In this
latter group, 17 cases scored +2, and 13 scored +3. The remaining 6 cases (16.7%) showed a
weak immunostaining with less than 10% neoplastic cells with a stronger staining intensity

and were recorded as non-overexpressing the enzyme. COX-2 overexpression in canine



mammary carcinomas was significantly higher than that recorded in healthy (P<0.001),
hyperplastic (P<0.001) and adenoma tissues (P<0.001). In canine carcinomas COX-2
overexpression was significantly associated to increased tumour dedifferentiation (P<0.05),
but not with age, tumour size, histologic type, lymphatic invasion or overall survival, as
reported in Table 2.

In feline mammary tissues the evaluation of the expression of COX-2 showed a lack of
immunostaining in all the healthy mammary samples examined. Of the 50 FMTs, 9 (18%)
scored negative, 17 (34%) scored +2 and 24 (48%) scored +3. COX-2 overexpression was
thus observed in 41/50 carcinomas (82%). COX-2 overexpression was significantly higher in
neoplastic than in healthy mammary tissues (P<0.001). No significant correlations were found
between COX-2 expression and age, tumour size, tumour type, grade and lymphatic invasion,
while was associated to shorter survival (P=0.001), as showed in Table 3.

The expression of mPGES-1 was observed as a diffuse to granular cytoplasmic
staining, with a staining intensity ranging from weak to strong both in feline and canine
tissues (Fig. 1 B and E). mPGES-1 expression in canine and feline mammary tissues is
summarized in Table 1. mPGES-1 expression was recorded in one healthy canine mammary
tissue sample (16.7%). None of the canine hyperplasias showed mMPGES-1 expression, and in
canine mammary adenomas, 1/10 (10%) expressed mPGES-1. In malignant tumors, 27/36
cases (75%) were positive to mMPGES-1 expression, with 3/36 (8%) scoring +1, 12/36 (33%)
scoring +2 and 12/36 (33%) scoring +3. The percentage of mMPGES-1 expressing cases was
significantly higher in carcinomas than in healthy (P<0.05), hyperplastic (P<0.001) and
adenoma tissues (P<0.05). mPGES-1 expression was not associated to age, tumour size,
tumour histotype or lymphatic invasion, while was associated to tumour grading (P < 0.05)
and poorer survival (P < 0.05).

In the feline samples, the expression of MPGES-1 was not detected in the healthy



mammary tissues. In contrast, 33/50 (66%) FMTs scored positive for the expression of
MPGES-1, with 7/50 (14%) cases scoring +1, 15 (30%) scoring +2 and 11 (22%) scoring +3.
Of the 17 non mPGES-1-expressing carcinomas, 7 cases (41%) showed less than 10% (score
+1) immune reactive tumour cells, while no immunoreactivity was detected in 10 (59%)
samples. Microsomal PGES-1 expression was significantly higher in neoplastic than in
healthy mammary tissues (P<0.001). There was no statistically significant association
between the expression of the enzyme and age, tumour size, tumour histotype, grading and
lymphatic invasion, while a significant association was found with poorer survival times (P =
0.001), as summarized in Table 3.

In both species EP2 receptor labelling was granular to diffuse, cytoplasmic and often
with perinuclear localization with a staining intensity varying from weak to strong (Fig. 1 C
and F). EP2 receptor expression in canine and feline mammary tissues is summarized in
Table 1. In healthy canine tissues, no immunostaining was observed. In canine hyperplastic
and neoplastic tissues, the receptor was expressed in 7/22 (32%) lobular hyperplasias, in 2/10
(20%) adenomas and in 32/36 (89%) carcinomas. Of these latter, 8 (22%) scored +1, 15
(42%) scored +2 and 9 (25%) scored +3. The percentage of EP2 receptor expressing cases
was significantly higher in carcinomas than in healthy (P<0.001), hyperplastic (P<0.05) and
adenoma tissues (P<0.05). EP2 receptor expression was not associated to age, tumour size,
tumour histotype and grading, lymphatic invasion and survival times.

EP2 receptor expression was not detected in healthy feline mammary tissues. Of the
carcinomas 6 (12%) scored +1, 11 (22%) scored +2, and 10 (20%) scored +3. The
percentage of EP2 overexpressing cases was statistically higher in carcinomas than in healthy
mammary tissues (P<0.001). In FMT, EP2 receptor expression was significantly higher in
poorly differentiated tumours (P<0.05) and was associated with shorter survival (P=0.001).

Using the Pearson Correlation test, in the canine mammary tissues there was a



significant association between COX-2 overexpression and of mPGES-1 (r = 0.729; P <
0.0001) and EP2 receptor (r = 0.750; P < 0.0001) positivity, while a stronger association was
detected between expression of mMPGES-1 and EP2 receptor (r = 0.802; P < 0.0001). In the
feline mammary tissues a strong association was detected between COX-2 and mPGES-1 (r =
0.701; P < 0.0001) and mPGES-1 and EP2 receptor (r = 0.699; P <0.0001), while the
association between COX-2 and EP2 receptor was less evident even if still significant (r =

0.421; P < 0.0001).

DISCUSSION

It is well documented that PGE; is the major prostaglandin involved in the progression
of several human tumours.? Aberrant up-regulation of COX-2 resulting in accumulation of
PGE2 in a cancer cell environment is a marker of progression in many human tumours,
including breast cancer.>?® Chemopreventive and chemotherapeutic strategies using COX-2

inhibitors are nowadays used in several human cancers.”®*

Long-term therapies with
NSAIDS are reported to significantly decrease the risk of developing colorectal carcinomas
in humans.?

The use of non-steroidal anti-inflammatory drugs (NSAIDs) has become in the past
decades a chemotherapic and chemopreventive strategy for human colorectal tumours.” The
use of selective anti COX-2 NSAIDs has reduced the onset of adverse side effects deriving
from COX-1 inhibition. However, a long term use of COX-2 inhibitors often leads to the
onset of adverse cardiovascular side effects.**** COX-2 inhibition in fact may lead to a
decreased synthesis of both PGE, and PGl,, these latter being important for normal vascular

integrity.”’  mPGES-1 is not involved in PG, biosynthesis and therefore its inhibition might

be an useful strategy to reduce PGE; levels with a decreased risk of side effects.



In domestic animals, COX-2 inhibitors have shown to have antineoplastic effects on
several tumour cell lines in vitro®® and are already used for the adjuvant treatment of
inflammatory mammary carcinomas in the canine species.®*® The traditional NSAIDs inhibit
both COX-1 and COX-2, while the recently developed coxibs preferentially inhibit COX-2. In
the feline and canine species the use of NSAIDs for anti-inflammatory purposes has led to
33,34

the onset of adverse, mainly gastrointestinal, events.

It has thus been suggested the need for new and more selective targets in the PGE2

11
1.3 l.

synthesis pathway downstream of COX. Jiménez et al.”™ and Murakami et al.”~ demonstrated
that cells overexpressing both mPGES-1 and COX-2 produced more PGE,, grew faster and
exhibited abnormal morphology when compared to cells in which either COX-2 alone or
MPGES-1 alone were expressed.

In mammary tumours of domestic animals the overexpression of COX-2 has already
been described in several studies.>> As we have previously reported,> COX-2 overexpression
may have a prognostic relevance in canine and feline malignant mammary tumours. A recent
study also describes a strong COX-2 expression in a high percentage of metastatic mammary
lesions.® As previously described,> COX-2 expression was higher in malignant CMTs than in
benign ones, and COX-2 overexpression was more frequently observed in poorly
differentiated CMTs and FMTs, but was not associated to tumour type or lymphatic invasion,
as previous reported in our study.® In the available current literature there is only one study
describing a correlation between COX-2 expression and tumour histotype.®

To our knowledge, our study describes for the first time the profiles of expression of
MPGES-1 and EP2 receptor in canine and feline mammary tissues. In a previous study
evaluating the expression of mPGES1 and its receptors in the canine corpum luteum by

RACE PCR and RT PCR, alignment against the canine genomic sequence identified three

sequence-fragments on chromosome 9, showing a 100% similarity with the cloned sequence



and corresponding to other known mammalian exon-homologs.® Furthermore the expression
of EP2 was detected in the canine ovarian tissue.*® The antibodies that we used in our study,
commonly adopted for the immunohistochemical investigation on PGES-1 and EP2 receptor
expression in human tissues, and already tested on canine non neoplastic and neoplastic bone
tissues,”® have shown to cross react also with the canine and feline mammary tissues. In
canine healthy mammary tissues, mMPGES-1 was expressed only in one case, with a low
percentage of immunoreactive cells, even though above the established cut off value. This
finding may reflect a phisiological role of mPGES-1, but due to the low percentage of positive
cells detected in only one case of healthy mammary tissue, further evaluations are required to
support this hypothesis. None of the hyperplastic lesions scored positive, however, 8/22 cases
showed a faint cytoplasmic immunoreactivity below the threshold of the scoring system. In
human literature the data in this respect are still conflicting. It has been described that
MPGES-1 can be overexpressed also in healthy skin and premalignant epithelial lesions,
especially of the epidermis, suggesting that the COX-2 mediated prostaglandin signaling can
be related to epithelial carcinogenesis.*”* In another study on mammary tissues by Mehrotra
et al., mMPGES-1 was undetectable in normal breast epithelial cells.?? In our study
population of bitches, both mPGES-1 and EP2 receptor were statistically more expressed in
carcinomas than in adenomas, with a high percentage of carcinomas (67%) showing mPGES-
1 and EP2 receptor overexpression. The percentage of mPGES-1 positive carcinomas (75%)
recorded in our study is quite similar to that reported in human literature. Mehrotra et al.??
observed the immunohistochemical expression of mPGES-1 in >10% neoplastic cells in 79%
breast cancers. In the feline species 52% of the examined neoplastic tissues have shown to
overexpress mPGES-1. This value is lower compared to that recorded in the canine and
human species, but it’s noteworthy that feline healthy mammary gland were always negative,

suggesting an increase in mPGES-1 expression, and, consequently, in PGE, production,



during the neoplastic progression.

In agreement with the human literature mPGES-1 did not correlate with tumour
histologic type also in canine and feline malignant tumours. Of interest, mPGES-1 was more
frequently expressed in PDC CMTs, graded according to Pefia and colleagues.”® Despite a low
sample size, our data is consistent with previously described higher overexpression of COX-2
described in less differentiated CMTs® and in anaplastic carcinomas compared to
adenocarcinomas.*

The fact that not all the feline and canine COX-2 overexpressing tumours also express

22
l,

mMPGES-1 reflects previous human findings. According to Mehrotra et al,” the expression of

MPGES-1 in breast cancer did not correlate with that of COX-2. Yoshimatsu et al.,40

suggest
that, although mPGES-1 and COX-2 are up-regulated in colorectal cancers, the mechanisms
controlling the expression of these enzymes are not identical. Recently, a difference of
regulation of COX-2 and mPGES-1 in non-small cell lung cancer has been described.** In
this study IL-4 inhibited the formation of PGE, predominantly via a decrease in mRNA
transcription, whereas the expression of mMPGES-1 was unaffected. Another study showed
increased mPGES-1 immunoreactivity in neoplastic cells both in colorectal adenomas and
cancers compared with adjacent normal epithelium. Also in this report, differences in COX-2
and mPGES-1 expression were observed, with COX-2 but not mPGES-1 induced by
chenodeoxycolate, and tumour necrosis factor-o inducing both COX-2 and mPGES-1 but with
different time course and magnitude of induction.*’

EP characterization on tumour cells is only beginning and the precise role of each EP
in malignant behavior has yet to be determined. Much of the data regarding EP come from
animal models of colon cancer, where all the receptors are implicated, but the specific subtype

differs depending upon the model examined.'” EP2 receptor has however been shown to be

linked to growth stimulation,** to be implicated in promoting early carcinogenesis.’® EP2



receptor has been also found to be increased in Barret’s esophageal metaplasia and esophageal
carcinoma.®* Our results show that the receptor is not expressed in healthy tissues both in
dogs and cats, and that the percentage of positive cases increases in the canine hyperplastic
lesions. This is in agreement with previous studies in human literature, where it has been
described that EP2 receptor is involved in COX-2-induced mammary hyperplasia.'® From our
data, the statistically higher percentage of the malignant neoplastic lesions positive to m-
PGES-1 and EP2 receptor compared to healthy, hyperplastic and adenoma tissues suggest an
increased PGE; production in carcinoma tissues and support the results of an early study by

Mohammed et al.,*®

in which increased levels of PGE, were found in canine mammary
tumours. Our data also confirm the role of the COX-2/PGE, pathway in the neoplastic
progression, with the expression of the three markers that significantly increase in malignant
tissues, and provide a rationale for further investigating the role of PGE; in canine and feline
mammary tumours development.

Moreover, as mMPGES-1 is downstream to COX-2 and not involved in the synthesis of
other prostanoids, it would be an excellent target for therapeutic approaches also in the canine
and the feline species. The higher percentage of poorly differentiated feline tumours positive
to EP2 receptor would be of interest in view of an adjuvant therapeutic approach to tumours
with a poorer prognosis. Although further investigation will be required to assess the EP2
receptor status in feline mammary hyperplastic lesions, the finding of EP2 receptor positive
canine mammary hyperplasia may also suggest the possibility of EP2 receptor targeting also
for chemo preventive purposes at least in the canine species. Further, due to the aggressive
biologic behavior of FMTs, with poor post-surgical overall survival times,*** the fact that
PDCs are frequently EP2 receptor positive support the investigation of the role of COX-
2/PGE; signaling pathway and the possibility of antagonizing the COX-2-derived PGE, by

targeting the EP2 receptor.



On the basis of the data on current literature on the role of COX-2 in several solid
neoplasms of the small animals, and of the therapeutic effects of COX-2 inhibition, further
studies may have broad implications for the prevention and treatment of canine mammary
tumours by antagonising COX/PG signaling inhibiting the EP2 pathway or targeting mPGES-

1.

Conflict of interest

No conflicts of interest have been declared.

Acknowledgments
The authors thank Dr Paolo Viacava, head of the Department of Pathology at the
“Ospedale Versilia” of Camaiore (Lucca), for providing the human breast cancer tissue

sections used as positive control.



References

10.

Smith WL, DeWitt DL and Garavito RM. Cyclooxygenases: structural, cellular, and
molecular biology. Annual Review of Biochemistry 2000; 69:145-182.

Chell S, Kadi A, Williams AC and Parsakeva C. Mediators of PGE2 synthesis and
signaling downstream of COX-2 represent potential targets for the
prevention/treatment of colorectal cancer. Biochimica et Biophysica Acta 2006; 1766:
104-119.

Millanta F, Citi S, Della Santa D, Porciani M and Poli A. COX-2 expression in
canine and feline invasive carcinomas: correlation with clinicopathological features
and prognostic molecular markers. Breast Cancer Research and Treatment 2006; 98:
115-120.

Mohammed SI, Khan K, Sellers R, Hayek M, De Nicola D, Wu L, Bonney P and
Knapp D. Expression of cyclooxygenase-1 and 2 in naturally-occurring canine cancer.
Prostaglandins, Leukotrienes and Essential Fatty Acids 2004; 70: 479-483.

Queiroga F, Alves A and Pires I. Expression of COX-1 and COX-2 in canine
mammary tumours. Journal of Comparative Pathology 2007; 136: 177-185

Dias Pereira P, Lopes CC, Matos AJF, Santos M, Gartner F, Medeiros R and Lopes C.
COX-2 expression in canine normal and neoplastic mammary gland. Journal of
Comparative Pathology 2009; 140: 247-253.

Lavalle GE, Bertagnolli AC, Tavares WL and Cassali GD. COX-2 expression in
canine mammary carcinomas: correlation with angiogenesis and overall survival.
Veterinary Pathology 2009; 46: 1275-1280.

Beam SL, Rassnick KM, Moore AS and Mc Donough SP. An immunohistochemical
study of COX-2 expression in various feline neoplasms. Veterinary Pathology 2003;
40: 496-500.

Sayasith K, Sirois J and Doré M. Molecular characterization of feline COX-2 and
expression in feline mammary carcinomas. Veterinary Pathology 2009; 46: 423-429.
Subbaramaiah K and Dannenberg AJ. Cyclooxygenase 2: a molecular target for cancer

prevention and treatment. Trends in Pharmacological Sciences 2003; 24: 96-102.



11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

. Murakami M, Naraba H, Tanioka T, Semmyo M, Nakatany Y, Kojima F, lkeda T,
Fueki M, Ueno A, Oh S and Kudo I. Regulation of prostaglandin E2 biosynthesis by
inducible membrane-associated prostaglandin E2synthase that acts in concert with
cyclooxygenase-2. Journal of Biological Chemistry 2000; 275: 32783-32792.

Jabbour HN, Milne SA, Williams AR, Anderson RA and Boddy SC. Expression of
COX-2 and PGE synthase and synthesis of PGE(2) in endometrial adenocarcinoma: a
possible autocrine/paracrine regulation of neoplastic cell function via EP2/EP4
receptors. British Journal of Cancer 2001; 85: 1023-1031.

Ermert L, Dierkes C and Ermert M.  Immunohistochemical expression of
cyclooxygenases isoenzymes and downstream enzymes in human lung tumours.
Clinical Cancer Research 2003; 9: 1604-1610.

Radmark O and Samuelsson B. Microsomal prostaglandin E synthase-1 and 5-
lipoxygenase:potential drug targets in cancer. Journal of Internal Medicine 2010; 268:
5-14.

Sugimoto Y and Narumiya S. Prostaglandin E receptors. Journal of Biological
Chemistry 2007; 282: 11613-11617.

Foulton AM, Ma X and Kundu N. Targeting Prostaglandin E receptors to inhibit
metastasis. Cancer Research 2006; 66: 9794-9797.

Seno H, Oshima M, Ishikawa TO, Oshima H, Takaku K, Chiba T, Narumiya S and
Taketo MM. Cyclooxygenase-2 and prostaglandin E(2) receptor (EP2)-dependent
angiogenesis in Apc (A716) mouse intestinal polyps. Cancer Research 2002; 62: 506-
511.

Chang SH, Ai Y, Breyer RM, Lane TF and Hla T. The Prostaglandin E2 receptor EP2
is required for cyclooxygenase-2 mediated mammary hyperplasia. Cancer Research
2005; 65: 4496-4499.

Misdorp W, Else RW, Hellmen E and Lipscomb TP. Histological classification of
mammary tumours of the dog and the cat. In: World Health Organization International
Histological Classification of Tumours of Domestic Animals. Armed Forces Institute
of Pathology, American Registry of Pathology, Washington DC, 1999: 16-27.

Pefia L, De Andrés PJ, Clemente M, Cuesta P, Pérez-Alenza MD. Prognostic value of
histological grading in noninflammatory canine mammary carcinomas in a prospective
study with two-year follow-up: relationship with clinical and histological
characteristics. Veterinary Pathology 50: 94-105.

. Elston CW and Ellis 10. Pathological prognostic factors in breast cancer. I. Value of



22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

histological grade breast cancer: experience from a large study with a long-term
follow-up. Histopathology 1991; 19: 403-410.

Mehrotra S, Morimiya A, Agarwal B, Konger R and Badve S. Microsomal
prostaglandin E2 synthase-1 in breast cancer: a potential target for therapy. Journal of
Pathology 2006; 208: 356-363.

Millanta F, Asproni P, Cancedda S, Vignoli M, Bacci B and Poli A.
Immunohistochemical Expression of COX-2, mPGES and EP2 Receptor in Normal
and Reactive Canine Bone and in Canine Osteosarcoma. Journal of Comparative
Pathology 2012; 147: 153-160.

Ristiméki A, Sivula A, Lundin J, Lundin M, Salminen T, Haglund C, Joensuu H and
Isola J. Prognostic significance of elevated Cyclooxygenase-2 expression in breast
cancer: Cancer Research 2002; 62: 632-635.

Timoshenko AV, Xu G, Chakrabarti S, Lala PK and Chakraborti C. Role of
prostaglandin E2 receptors in migration of murine and human breast cancer cells.
Experimental Cell Research 2003; 289: 265-274.

Rao CV and Reddy BS. NSAIDs and chemoprevention. Current Cancer Drug Targets
2004; 4:29-42.

Zhu S, Zhong S and Shen Z. Targeting the inflammatory pathways to enhance
chemotherapy of cancer. Cancer Biology and Therapy 2011; 12: 95-105.

Caughey GE, Cleland LG, Penglis PS, Gamble JR and James MJ.  Roles of
cycloxygenase (COX)-1 and COX-2 in prostanoid production by human endothelial
cells: selective up-regulation of prostacyclin synthesis by COX-2.  Journal of
Immunology 2001; 167: 2831-2838.

Knottenbelt C, Chambers G, Gault E and Argyle DJ. The in vitro effects of piroxicam
and meloxicam on canine cell lines. Journal of Small Animal Practice 2006; 47: 14-
20.

De M Sousa CH, Toledo-Piza E, Amorin R, Barboza A and Tobias KM. Inflammatory
mammary carcinoma in 12 dogs: clinical features, cyclooxygenase-2 expression, and
response to piroxicam treatment. The Canadian Veterinary Journal 2009; 50: 506-510.
Mukherjee D, Nissen SE and Topol EJ. Risk of cardiovascular events associated with
selective COX-2 inhibitors. The Journal of the American Medical Association 2001,
286: 954-959.

Caughey GE, Roughead EE, Pratt N, Killer G and Gilbert AL. Stroke risk and
NSAIDs: an Australian population-based study. Medical Journal of Australia 2011;



33.

34.

195: 525-529.

Lascelles BD, Blikslager AT, Fox SM and Reece D. Gastrointestinal tract perforation
in dogs treated with a selective cyclooxygenase inhibitor: 29 cases (2002-2003).
Journal of the American Veterinary Association 2005; 227: 1112-1117.
Bulman-Fleming JC, Turner TR and Rosemberg MP. Evaluation of adverse events in
cats receiving long-term piroxicam therapy for various neoplasms. Journal of Feline
Medicine and Surgery 2010; 12: 262-268.

35.Jiménez P, Piazuelo E, Cebrian C, Ortego J, Strunk M, Garcia-Gonzales MA,

36.

37.

38.

39.

Santanders S, Alcedo J and Lanas A. Prostaglandin EP2 receptor expression is increate
in Barrett’s oesophagus and oesophageal adenocarcinoma. Alimentary Pharmacology
and Therapeutics 2010; 31: 440-451.

Kowalewski MP, Mutembei HM, Hoffmann B. Canine prostaglandin E2 synthase
(PGES) and its receptors (EP2 and EP4): expression in the corpus luteum during
dioestrus. Animal Reproduction Science 2008; 109: 319-329.

Muller-Decker K and Furstenberger G. The cycloxygenase-2-mediated prostaglandin
signaling is causally related to epithelial carcinogenesis. Molecular Carcinogenesis
2007; 46: 705-10.

Neumann N, Dulsner E, Furstenberger G and Miuller-Decker K.  The expression
pattern of prostaglandin E synthase and EP receptor isoforms in normal mouse skin
and preinvasive skin neoplasms. Experimental Dermatology 2007; 16: 445-53.

Heller DA, Clifford CA, Goldschmidt MH, Holt DE, Shofer FS, Smith A and
Sorenmo KU. Cyclooxygenase-2 expression is associated with histologic tumour type
in canine mammary carcinoma. Veterinary Pathology 2005; 42: 776-780.

40. Yoshimatsu K, Golijanin D, Paty PB, Soslow RA, Jakobbson PJ, DeLellis RA,

41.

Subbaramaiah K and Dannenberg AJ. Inducible microsomal prostaglandin E synthase
is overexpressed in colorectal adenomas and cancer. Clinical Cancer Research 2001;
7: 3971-3976.

Cui X, Yang SC, Sharma S, Heuze-Vourc’h N and Dubinett SM. IL-4 regulates COX-
2 and PGE2 production in human non-small cell lung cancer. Biochemical and
Biophysical Research Communications 2006; 343: 995-1001.

42. Watanabe T, Satoh H, Togoh M, Taniguchi S, Hashimoto Y and Kurokawa K. Positive

43.

and negative regulation of cell proliferation through prostaglandin receptors in NIH-
3T3 cells. Journal of Cell Physiology 1996; 69: 401-409.
Mohammed SI, Coffman K, Glickman NW, Hayek MJ, Waters DJ, Schlittler D, De



Nicola DB and Knapp DW. Prostaglandin E2 concentrations in naturally occurring
canine cancer. Prostaglandins, Leukotrienes and Essential Fatty Acids 2001; 64: 1-4.

44. Millanta F, Lazzeri G, Mazzei M, Vannozzi | and Poli A. MIB-1 labeling index in
feline dysplastic and neoplastic mammary lesions and its relationship with
postsurgical prognosis. Veterinary Pathology 2002; 39: 120-126.

45. Lana SE, Rutteman GR and Withrow SJ. Tumours of the mammary gland. In: Withrow
& MacEwen’s Small Animal Clinical Oncology, 4™ edn., Withrow SJ and Vail DM,
eds, Saunders Elsevier, St Louis, 2007: 619-636.



Table 1. Immunohistochemical expression of COX-2, mPGES-1 and EP2 receptor in the
canine and feline mammary tissues examined.

COX-2 COX-2 mPGES-1 EP2 receptor
Positive % Over- % Positive % Positive %
expression
DOG
Healthy 1 17 1 17 1 17 0 0
(n=6)
Hyperplasia 4 18 4 18 0 0 7 32
(n=22)
Adenomas 2 20 2 20 1 10 2 20
(n=10)
Carcinomas 36% 100 30" 83 27° 75 328 89
(n=36)
CAT
Healthy 0 0 0 0 0 0 0 0
(n=10)
Carcinomas 48** 96 41™ 82 33°° 66 27% 54
(n=50)

Chi square test analysis: * COX-2 expression was significantly higher (P < 0.05) in canine
mammary carcinomas than in healthy, hyperplastic and adenoma tissues. ** COX-2
expression was significantly higher (P < 0.05) in feline neoplastic mammary tissues than in
healthy tissues. " COX-2 overexpression was significantly higher (P < 0.05) in canine
mammary carcinomas than in healthy, hyperplastic and adenoma tissues. " COX-2
overexpression was significantly higher (P < 0.05) in feline neoplastic mammary tissues
than in healthy tissues. ° mPGES-1 expression was significantly higher (P < 0.05) in
canine mammary carcinomas than in healthy, hyperplastic and adenoma tissues. °° mPGES-1
expression was significantly higher (P < 0.05) in feline mammary tumours than in healthy
mammary tissues. ° EP2 receptor expression was significantly higher (P < 0.05) in canine
mammary carcinomas than in healthy, hyperplastic and adenoma tissues. ** EP2 receptor
expression was significantly higher (P < 0.05) in feline mammary tumours than in healthy
mammary tissues.



Table 2. Comparison between COX-2, mPGES-1 and EP2 receptor immunohistochemical
expression and canine carcinomas features. All comparisons were conducted using a chi
square test.

n=36 COX-2 ' m-PGE$-1 EP2 receptor
overexpression expression expression
positive  negative P positive  negative P positive  negative P
Age
< med!an 13 5 0.07 13 5 0.70 15 3 0.29
> median 17 1 14 4 17 1
Tumor size
<3cm 13 5 15 5 17 3
3to5cm 10 2 0.89 10 2 0.41 12 0 0.27
>5cm 3 2 2 2 3 1
Morphology
Co.mplex 24 4 0.47 6 2 1 7 1 0.89
Simple 6 2 21 7 25 3
Lymphatic
invasion
P03|tlye 10 1 0.42 10 1 0.14 11 0 0.15
Negative 20 5) 17 8 21 4
Differentiation
WDC 9 5 7 7 11
MDC 18 1 0.04 17 2 0.02 18 1 0.28
PDC 3 0 3 0 3
Overall survival
Alive 23 3 17 9 22 4
0.18 0.03 0.19

Dead 7 3 10 0 10 0




Table 3. Comparison between COX-2, mPGES-1 and EP2 receptor immunohistochemical
expression and feline carcinomas features. All comparisons were conducted using a chi square

test.
=50 COX-2 ' m-PGE_S-l EP2 receptor
overexpression expression expression
positive  negative P positive  negative P positive  negative P
Age
< med!an 18 7 0.16 17 0.77 14 11 0.78
> median 22 3 16 9 13 12
Tumor size
<2cm 13 5 9 9 8 10
2to3cm 16 2 0.45 13 0.19 9 9 0.29
>3cm 11 3 11 3 10 4
Lymphatic
invasion
Positive 24 5 19 10 17 12
. 0.57 0.93 0.44
Negative 16 5 14 7 10 11
Differentiation
WDC 11 2 9 4 7 13
MDC 22 6 0.89 17 11 0.62 11 28 0.01
PDC 7 2 7 2 9 9
Overall survival
Alive 7 7 2 12 1 13
Dead 33 3 0.001 31 5 0.001 26 10 0.001




Figure Legends

Figure 1. Immunohistochemistry for COX-2, mPGES-1 and EP2 receptor expression in
canine and feline mammary carcinomas. There is moderate to intense cytoplasmic
positivity in neoplastic epithelial cells in all the sections shown. A, B and C: canine
mammary malignant tumour showing COX-2 overexpression (A) and mPGES-1 and EP2
receptor expression (B and C, respectively). DAB, hematoxylin countestain, Bar, 100 um.
D, E and F: a feline mammary carcinoma showing COX-2 overexpression (D) and
mPGES-1 and EP2 receptor expression (E and F, respectively). DAB, hematoxylin

counterstain, Bar = 100 pum.
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