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Abstract

In many human cancers, the expression of the prostaglandin receptor EP4 (EP4R) is associated with the development of
malignancy and a poor prognosis. The expression of EP4R has not yet been evaluated in canine tumors. The objective of this
study was to characterize the messenger RNA (mRNA) expression of EP4R in canine osteosarcoma (OSA). Gene expression
of EP4R was evaluated using RNA in-situ hybridization (RNAscope). In all canine OSA samples evaluated, strong universal
positive expression of EP4R was identified. Gene expression was significantly higher in OSA tissue samples than in normal
nasal turbinate bone, possibly implicating EP4R in the pathogenesis of canine OSA.

Réesume

Dans de nombreux cancers humains, I'expression du récepteur des prostaglandines EP4 (EP4R) est associée au développement d’une
malignité et a un mauvais pronostic. L'expression d’'EP4R n’a pas encore été évaluée dans les tumeurs canines. L' objectif de cette étude était
de caractériser I'expression de I’ ARN messager (ARNm) de I'EP4R dans I'ostéosarcome canin (OSA). L'expression génique de 'EP4R a été
évaluée en utilisant I'hybridation in situ d’ARN (RNAscope). Dans tous les échantillons canins OSA évalués, une forte expression positive
généralisée d’EP4R a été identifiée. L'expression génique était significativement plus élevée dans les échantillons de tissus OSA que dans

I'0os normal du cornet nasal, ce qui impliquait peut-étre EP4R dans la pathogenese de I'OSA canin.

Osteosarcoma (OSA) is diagnosed in 85% of canine malignant
skeletal tumors, making OSA the most common canine primary
bone tumor (1). Osteosarcoma is an aggressive neoplasm, with
destructive local bone involvement and over 90% of dogs develop-
ing distant metastatic disease within 1 y of diagnosis (1). Standard
of care includes amputation or limb-sparing procedure (surgical
or radiation therapy-based), followed by adjuvant chemotherapy.
Amputation alone typically results in a survival time of 5.4 mo (1).
Several adjuvant chemotherapy protocols have been assessed, result-
ing in a large range of median survival times (7 to 18 mo) (1). Despite
aggressive therapy, most dogs with OSA succumb to metastatic
disease, which indicates that alternative treatment modalities are
needed to improve overall outcome.

Inflammation and immune activation triggered by a carcino-
genic stimulant can promote the development of cancer (2). This
is typically mediated through upregulation of non-specific pro-
inflammatory cytokines and enzymes, the most important of which
is the cyclooxygenase enzyme 2 (COX-2). This enzyme stimulates
angiogenesis, inhibits apoptosis, and promotes cell proliferation and
motility through production of prostaglandin E2 (PGE2) (2). The
activities of PGE2 are mediated through its 4 recognized receptors
[EP1 receptor to EP4 receptor (EPIR to EP4R)] on the surface of the
target cells (3).

(Traduit par Docteur Serge Messier)

Canine OSA has been shown to overexpress COX-2, suggesting
that COX-2 is a reasonable therapeutic target (4). Blocking COX-2,
however, decreases the production of complementary prostanoids
that are important in homeostasis and could result in significant side
effects (5). Treatment options that target the prostaglandin pathway
more specifically may therefore be advantageous.

Many malignancies in humans and dogs have been shown to
overexpress COX-2 and/or PGE2 (6,7). In addition, the EP recep-
tors, EP4R in particular, are expressed and associated with the
development of malignancy and poor prognosis in several human
cancers (8). Although characterization of the canine EP4R has been
completed (9) and expression of EP2R has been confirmed in canine
OSA (4), it is unknown if EP4R is overexpressed in canine OSA.

Based on the available human and canine literature, it is reason-
able to hypothesize that expression of EP4R may be present in
canine OSA and may play a role in its development and progression.
The objective of this study was to evaluate the gene expression of
EP4R in canine OSA using the novel in-situ hybridization platform,
RNAscope.

Archived biopsy and necropsy tissue specimens maintained by the
Department of Veterinary Pathology at Iowa State University were
searched for tissue samples of formalin-fixed, paraffin-embedded
appendicular OSA and normal nasal turbinate bone. The aim was
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Table 1. Characterization of evaluated appendicular osteosarcoma samples.

Sample Breed of dog Anatomic location Histologic diagnosis

1 Doberman pinscher Left distal radius Osteoblastic osteosarcoma

2 Labrador retriever Right proximal femur Osteoblastic osteosarcoma

3 Labrador retriever Left proximal tibia Osteoblastic osteosarcoma

4 Australian shepherd Left proximal humerus Osteoblastic osteosarcoma

5 Mixed breed Left distal tibia Osteoblastic osteosarcoma

6 Rat terrier Left distal femur Osteoblastic osteosarcoma

7 Mixed breed Left distal radius Fibroblastic osteosarcoma

8 Shetland sheepdog Right proximal humerus Fibroblastic osteosarcoma

9 Shetland sheepdog Left proximal humerus Chondroblastic osteosarcoma
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Figure 1. EP4AR mRNA expression metrics in canine osteosarcoma and normal nasal turbinate bone. Data presented as mean +/- 95% confidence

interval (Cl) of mean and individual data points.

* Denotes differences were statistically significant.

to collect 9 specimens each of appendicular OSA and normal bone
with adequate RNA for analysis. Based on preliminary data, a
power calculation indicated that 9 specimens in each group would
be statistically adequate to identify a difference of 2 transcript
copy numbers/cell between tumor and normal bone (alpha = 0.05,
beta = 0.2). The Veterinary Teaching Hospital and Department of
Veterinary Pathology allowed the authors to use the clinical data
and samples from specimens gathered through routine clinical
assessment and care.

The RNAscope mRNA in-situ hybridization platform (Advanced
Cell Diagnostics, Newark, California, USA) was used to evaluate
messenger RNA (mRNA) expression of EP4R gene ptger4 in the
appendicular OSA and normal bone tissue samples. According to
the manufacturer’s instructions and as previously reported (10),
single-plex, manual chromogenic RNAscope analysis was con-
ducted with an RNAscope 2.5 High Definition (HD)-RED Assay
(Catalog #322350; Advance Cell Diagnostics). Briefly, 3 sections of
each paraffin-embedded OSA specimen were cut to a 5-pm depth.
Preparations were baked for 1 h at 60°C, deparaffinized, and protease
treated to expose RNA. The 3 sections were then hybridized sepa-
rately with a test probe targeting canine ptger4 (Probe CI-PTGER4,
Catalog #499011; Advanced Cell Diagnostics), a positive control
probe targeting canine housekeeping gene ubc (CI-UBC Positive
Control, Catalog #409851; Advanced Cell Diagnostics), and a nega-
tive control probe targeting Bacillus subtilis dapB (DapB Negative
Control, Catalog #310043; Advance Cell Diagnostics).

Hybridization to target mRNA was carried out by incubating the
preparation with the respective probe at 40°C for 2 h in a HybEZ
hybridization oven (Advanced Cell Diagnostics). Subsequent wash
and signal amplification steps were taken according to the manufac-
turer’s protocol. Target mRNA was detected using alkaline phospha-
tase Fast Red chromogenic stain (Catalog #320701; Advanced Cell
Diagnostics). Samples were also stained with hematoxylin (American
Master Tech Scientific, Lodi, California, USA) to allow visualization
of nuclei. To initially assess the performance of the ptger4 RNAscope
experimental probe, ptger4 expression was assessed in 2 sections
each of normal canine heart, lung, and kidney tissue. Expression of
ptger4 has previously been reported in these canine tissues (9) and
was identified in all 3 tissue types with the RN Ascope analysis with
this ptger4 probe.

For each hybridized slide, 10 400X magnified non-overlapping
microscopic field views were digitally photographed. Digitized
photomicrographs were then evaluated with the RNAscope image
analysis software HALO with the RNAscope Modules (Indica
Labs, Albuquerque, New Mexico, USA) (11). For tumor samples,
the neoplastic cells were manually identified post-processing and
gated for EP4R analysis. To ensure neoplastic cells were appropri-
ately identified for analysis, a hematoxylin and eosin histological
correlate of the exact tissue block was simultaneously evaluated.
For normal tissue samples, the appropriate normal cell popula-
tion was manually identified and gated for analysis. Samples were
considered to have adequate residual RNA for ptger4 expression
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Figure 2. Analysis of ptger4 transcription in a section of nasal turbinate bone (A, B, C) and osteosarcoma (D, E) following RNAscope mRNA in-situ
hybridization with hematoxylin counterstain. A — Native photomicrograph to be analyzed for copy numbers/cell, H-score, and percentage transcript
expression using HALO software with RNAscope modules. B — Nasal turbinate bone was manually gated (blue line) for analysis. C — HALO-generated
probe markup from which copy numbers/cell, H-score, and percentage transcript expression are calculated. D — Native photomicrograph to be analyzed
for copy numbers/cell, H-score, and percentage transcript expression using HALO software with RNAscope modules. E — HALO-generated probe markup
from which copy numbers/cell, H-score, and percentage transcript expression are calculated; no blue gate line applied since entire field consisted of

neoplastic cells.

analysis if the corresponding positive control ubc hybridization
yielded > 15 transcript dots/cell in > 90% of the target cells. Average
transcript copy numbers/cell, percent probe positive expression
(percent of cells positive for EP4R mRNA), and H-score (a weighted
expression scale used to evaluate heterogeneity in marker expression;
A Guide for RNAscope Data Analysis, Advanced Cell Diagnostics)
were calculated for ptger4 expression based on the cumulative
analysis results of the 10 digitized photomicrographs for the slide.
These metrics allow the gene expression within a specific cell type
and tissue context to be quantified and expression across tumor
types to be compared.

A D’Agostino Pearson test was used to assess normality of copy
number per cell, H-score, and percent probe positive expression for
OSA and normal bone. A simple t-test was used to assess differences
in these parameters between OSA and bone. Statistical significance
was defined as P < 0.05. Quantitative parametric data are presented
as mean * 95% confidence interval (CI) of mean and nonparametric
data are presented as median * range. Statistical comparisons were
done using a commercially available software package (Prism 6;
GraphPad Software, San Diego, California, USA); power calculation
was conducted with a separate software package (MedCalc Software,
Ostend, Belgium).

Fourteen appendicular OSA and 13 normal nasal turbinate sam-
ples were evaluated to identify 9 of each with sufficient mRNA for
analysis (see Table I for details of the 9 OSA samples). These samples
(all OSA and all normal turbinate) expressed EPAR mRNA. The mean

copy number per cell [OSA 1.10, 95% CI: 0.53 to 1.74; nasal turbinate
0.18, 95% CI: 0.11 to 0.24; P-value 0.0022]; H-score (OSA 37.4, 95%
CI: 20.9 to 53.6; nasal turbinate 6.1, 95% CI: 3.9 to 8.3; P-value 0.0001);
and percent probe positive scores (OSA 22.6, 95% CI: 14.5 to 30.8;
nasal turbinate 3.8, 95% CI: 2.3 to 5.4; P-value 0.0001) were statisti-
cally higher in the OSA samples (specifically the malignant OSA
cells) than in the normal nasal turbinate samples (Figures 1 and 2).

It was found that the canine OSA tumor cells had significantly
higher gene expression of EP4R than the normal turbinate cells.
Although the true cell of origin in the development of OSA is still
debatable, recent literature suggests that OSA most likely forms
from mutated osteoblasts or cells that are committing to being of
osteoblast lineage (12). The 2 most important EP receptors on nor-
mal osteoblasts are EP2 and EP4 (13). Notably, in a recent model of
periodontal disease, the human OSA cell line Saos-2 was used to
evaluate the impact of lipopolysaccharide (LPS) on the production
of PGE2 and expression of EP4R. It was found that exposure to
LPS significantly increased PGE2 production and subsequent gene
expression of EP4R (14).

Prostaglandin signaling through EP4R stimulates monocytes to
form mature osteoclasts, leading to the classic osteolysis seen in met-
astatic bone lesions (15). Specifically, direct cell-cell contact between
the tumor cells and osteoblasts activates the NFkB/mitogen-
activated protein (MAP) kinase pathway, increasing expression of
COX-2. Subsequently, increased COX-2 leads to additional PGE2
secretion, which binds to EP4R on nearby osteoblasts, increasing
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production of receptor activator for NFkB ligand (RANKL), induc-
ing osteoclastogenesis via receptor activator for NFkB (RANK) (15).
Inherently increased EP4R expression would likely promote this pro-
cess. Expression of RANKL has been identified in canine OSA (16),
the presence of which could theoretically be attributed to increased
EP4R, which would make EP4R an attractive therapeutic target.

The expression of EP receptors is associated with the development
of malignancy and poor prognosis in several human cancers (8).
Positive gene expression of EP4AR mRNA in canine OSA samples
suggests that EP4R expression may play a role in the pathogenesis
and development of canine OSA.

While this is exciting preliminary data, it must be interpreted in
light of the small sample size and the inherent differences between
appendicular bones, which are normally affected by OSA, and nasal
turbinate bone, which was used as the control tissue. The impact
of prolonged decalcification on the interpretation of RNAscope is
not known. Anecdotally, it does not appear to affect results, but out
of an abundance of caution, it was elected to use nasal turbinate
bone that requires less decalcification, potentially having less of
an impact on the results. In addition, this work is limited in scope
and does not confirm the protein expression of EP4R. Similarly, the
prognostic value of increased EP4R expression and its potential as a
viable therapeutic target was not fully evaluated. As this represents a
pilot and proof-of-concept study, additional tumor specimens, along
with appendicular bone and reactive bone, the protein expression of
EP4R, and its value as a therapeutic target will need to be evaluated
to confirm the results of this study.
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