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Abstract

The expression of Ki67, BCL-2 and COX-2 was invgetied in 53 canine cutaneous mast cell
tumors (MCTs) by immunohistochemistry and quantitateal time PCR (qPCR), to evaluate
their prognostic significance and the associatidth wther well accepted prognostic markers,
such as the histologic grading and the mitotic in(dl). MCTs were graded according to
Patnaik grading system and the novel 2-tier gradysgem proposed by Kiupel. The number of
mitotic figures/10 high-power fields (MI) was coedt Both grading systems were significantly
associated with prognosis. However, while the Rlatjieading system carried an excellent long
term prognosis for grade 1 MCTs, it was of limifgdgnostic value for grade 2 MCTs with 23%
being associated with high mortality. The accor@doetween pathologists was strongly
improved by the application of the 2-tier gradiygtem and 71% of high grade MCTs were
associated with a high mortality rate. Ml and K{@dtein expression were significantly
associated with grading and survival. No significassociation between BCL-2 protein
expression and either grading system or healthsstahas observed.. Statistically significant
association was observed betw&1L-2 MRNA expression and the Patnaik grading system,
being significantly higher in Grade 2 than in Grdd&lo statistically significant differences were
detected between low and high grade MCTs accotditige Kiupel grading system. The
increasedBCL-2 MRNA level was significantly associated with iresed mortality rate. The
COX-2 protein was detected in the cytoplasm of resife cells, in 78% of the MCTs
investigated. However, neither association withttireor grade nor with the health status was
observedCOX-2mRNA was significantly up-regulated in MCTs comggto surgical margins
and control skin tissue, but it was neither asgediavith tumor grade nor with survival.

Key words: BCL-2, COX-2,dog, mast cell tumors, immunohistochemistry, Kigfdgnosis,

gPCR



Canine cutaneous mast cell tumor (MCT) is a comnmewplastic disease in dogs, accounting for
7-21% of all cutaneous neoplasms. Canine MCTs hanrable biologic behaviors, ranging from
solitary benign masses that can be cured with syiaene, to systemic and potentially fatal
metastatic diseadé.?

The prognostic significance of several markersctorine MCT, including the histological
grading>**°%*%the mitotic index;"*>*?>*"the staining for argyrophilic nucleolar organizer

regions (AgNORs§;?1 670

immunohistochemistry for proliferating cell nualeatigen
(PCNA)-*1%>"%5 well as for Ki67°>"°have been previously investigated. No single facto
accurately predicts the biological behavior orregponse to treatment in dogs affected by
MCTs, and clinical factors, including location, tansize, breed, sex and clinical stage, can
influence the outcom&.

Numerous histopathological grading systems hava pegposed to prognosticate canine
MCTs>%**° Among them, the classification proposed by Pateai. (19847° is the most
frequently used system, but it is influenced byjscive inter-observer variations and
intratumoral heterogeneify:*® As a result, various attempts have been undertmkese more
objective methods to assess the grade of MCTsmpoove concordance among pathologists and
provide better prognostic significance, a 2-tiatdlogic grading system has been recently
proposed? The diagnosis of high-grade MCT is characterizgdry one of the following
criteria: at least 7 mitotic figures in 10 high-pavfields (HPFs); at least 3 multinucleated cells i
10 HPFs; at least 3 bizarre nuclei in 10 HPFs; damggaly

The prognostic importance of the mitotic index (M) dogs with cutaneous MCT, has been
evaluated in different studié&*°>**'Data reported by Romansik al. (2007}’ stated that Ml

correlates directly with tumor grade; furthermdbes median survival time for dogs with a Ml

5 was significantly longer (70 months) than forgaavith a Ml > 5 (2 months), regardless of
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grade>’ However, the study conducted by Elstdral (2009} states that a stratification in 3
groups with cut-points at 1 and 7 mitoses per 1641B superior to the stratification previously
proposed by Romansit al. (2007)>" Nevertheless, the Ml is an objective measure anghakp
to limit inter-observer variation in the histologlevaluation of MCTs. A problem that remains
to date is that the various studies have propostteht cut-off values and thus the data are still
difficult to apply in a diagnostic setting.

Ki67 is a nuclear protein that is expressed iraelive phases of the cell cycle but it is not pnése
in noncycling celld®* The relative number of Ki67-positive cells is usedietermine the
proliferation index or the relative number of celldively involved in the cell cycle (growth
fraction)'®4*®3A high Ki67 expression in MCTs was associated \Witlteased mortality, the
rate of local recurrence and metasta$is’° Since Ki67 emerged to be a prognostic factorithat
independent of histological graffe’’Ki67 immunohistochemistry can be used as an dbect
prognostic marker in MCTs.

Members of the BCL-2 family of proteins play impant roles in regulating cell survival and
apoptosis® The BCL-2 family includes pro-apoptotic memberd anti-apoptotic proteins such
as BCL-2 and BCL-xL that inhibit apoptosis by bloukthe release of cytochromé“c.
Overexpression of BCL-2 and BCL-xL can predispa@sedoplastic transformation causing
aberrant accumulation of cefil/°in fact, an increased expression of BCL-2 and BClhas

been found in a variety of different cancét3>*2%9n many neoplastic cells, it has been shown
that a high expression of BCL-2 and BCL-xL corretatvith resistance to conventional
chemotherapy>3"8In vitro studies have demonstrated that survival of muaimhuman mast
cells also depends on BCL-2 and BCL-4%%"®#%A recent study provides evidence that in
patients with mastocytosis, the expression of BQiré2ein in mast cells was significantly

enhanced compared to contrdiglthough the mechanism by which BCL-2 family priote
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promote neoplasia is not fully understood, it idl\wecepted that enhanced expression of BCL-2
and BCL-xL allows cells to live longer and thusazumulate genetic alteratioh® No data are
available about the possible role of BCL-2 in canlWiCTs progression and prognosis.
Cyclooxygenase-2 (COX-2) is a member of the famiflgyclooxygenase enzymes that catalyze
the conversion of arachidonic acid to prostagla@Gn(PGG2). PGG2 is further metabolized to a
variety of other prostaglandins (PG) and thrombesafTXA)°® The role of COX-2 in neoplasia
has already been investigated in deiftH:***®Specific mechanisms whereby COX-2 contributes
to the development of malignancies include thehitioin of cellular apoptosis, promotion of
tumor angiogenesis, increased tumor cell motilitgt anvasiveness, immunomodulatory activity,
and the conversion of procarcinogens to carcinagens

COX-2 protein expression has been associated wainpsis in human breast carcinotfia,
malignant mesothelioma,squamous cell carcinomiaand chronic myelogenous leukemmia.
Overexpression of COX-2 has been previously idieatiin a variety of canine neoplasms,
including intestinal carcinomi,transitional cell carcinoma of the bladder (TG&3quamous

cell carcinoma® mammary carcinomd,and renal cell carcinonfd,even though the prognostic
significance of COX-2 expression in these cancassrot been clearly established. In both
humans and dogs, these findings prompted the iigagisin of the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) therapeutically. NSAIBserged to be as efficacious as
conventional chemotherapy in dogs with TCC and sgaamous cell carcinoma, even though
these drugs are not COX-2-specific and the levield3@X-2 expression in these tumors is
variable3>?

Previousn vitro experiments have demonstrated rapid and tranggergégulation oCOX-2
gene in activated mast cetfsHowever, the findings of a previous immunohistontwl study

suggested that canine MCT do not express COX-2jorat any appreciable fashién.
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In the present study, Ki67, BCL-2 and COX-2 protaind gene expression have been
investigated in canine cutaneous MCTs by immunobigmistry (IHC) and quantitative real
time RT-PCR (gPCR), in order to evaluate their pamgic significance and their association

with other well accepted prognostic markers, swgctha histologic grading and the Ml.

Materialsand Methods

This prospective study was performed on a hetemmenpopulation of confirmed cases of
spontaneous canine cutaneous mast cell tumorsygoidg follow-up for over a year. For all
patients age, breed, gender, number and anatolmozdion of the tumor and data about
therapeutic treatment were collected. Cases weheded in the study based on the meeting of
the following inclusion criteria: 1) all dogs undemt surgical excision of the entire tumor and
the diagnosis was confirmed by histological exatnima 2) adequate formalin-fixed paraffin
embedded tissues for immunohistochemistry, asasgedlliquots from the central part (core) of
each tumor, stored in RNAlafésolution, for RNA extraction were available; 3ymalete
follow-up data, including local or distant recurcenmetastasis and cause of death, were
recorded for a minimum period of 12 months. Follogvtime was defined as the time from date
of diagnosis to date of the last follow-up or death

The histological grading was assigned followingnét systerm and the novel 2-tier grading
system, recently proposed by Kiugelal. (2011)% by consensus of 3 pathologists (MV, AC,

AV). The number of mitotic figures/10 HPFs (MI) wesunted.

Immunohistochemistry:
Immunohistochemistry was carried out by an autochatenunostainer (Bond — maxXTM,

Menarini Italia, Italy). Four-um sections were degginized in xylene, rehydrated in graded

6



ethanol and rinsed in distilled water. The heaticetl antigen retrieval was performed in 10 mM
citrate buffer (pH = 6.0) at 98°C. Endogenous pelases were neutralized by incubating the
sections in 3% kD, in PBS (phosphate buffered saline); sections wengbated with primary
antibodies against Ki67 (MIB-1 mAb, 1:50, DAKO, @arteria, CA), BCL-2 (pAb, 1:250,
Sigma Aldrich, Suffolk, UK) and COX-2 (SP21, mAb5Q, Thermo Scientific, Fremont, CA)
proteins, for 30 min at room temperature. The HRRAMBpolymer refine detection system and
the 3,3 diaminobenzidine tetrahydrochloride (DABYrevused as detection system and
chromogen, respectively. Sections were then costaieed with Mayer’'s hematoxylin. The
specificity of the immunolabeling was verified mcubating sections with PBS instead of the
specific primary antibody. As positive controlsctsens from a lymphoma for Ki67, skin for
BCL-2 and kidney for COX-2 were selected from disgues and included in each
immunohistochemical run. All positive controls shemlv nuclear immunolabeling of the
neoplastic cells for Ki67; cytoplasmic immunolabeliof the basal cell of the epidermis and
adnexae for BCL-2; and cytoplasmic immunolabelifithe cells of the macula densa for COX-
2. For each sample, a total of 500 cells were @xliahd the positivity for Ki67 and BCL-2 was
expressed as the average number of immunoposéliseper 100 cells, evaluated in five
randomly selected HPFs (x400) (Ki67 and BCL-2 indespectively); for COX-2, a separate
score staining for distribution and intensity wageg to all positive-staining tumors. A COX-2
staining distribution score from 0 to 3 was assigteeall tumors, where 0 = 0%, 1 =< 30%, 2 =
30-60%, 3 = > 61% of positive cells in five randgretlected 400x fields. The COX-2 staining
intensity was defined as the strength of the signpbsitive-staining tumors, with 0 = no signal,
1 = weak signal, 2 = moderate signal, and 3 = gtsignal. The COX-2 staining index was

obtained by multiplying the COX-2 staining distrilmn and intensity scores.



Gene expression:

Aliquots from the core of the tumor (up to 100 nagd from 3 cm wide surgical margins (SM, n
= 30) were aseptically collected during surgicéimention and immediately stored in
RNAlatef® solution (Applied Biosystems, Foster City, CA);20°C, until use. Skin samples
from control dogs [pathogen-free Beagle generopsdyided by GlaxoSmithKline Research
Centre (Verona, Italy) and adult dogs not suffefiagn neoplasm and euthanized in veterinary
clinics of Padua for serious traumas] were alstectgd.

Total RNA was isolated using TRIZoteagent (Invitrogen, Carlsbad, CA) according ® th
manufacturer’s instructions. Samples were therfipdrivith a classical phenol-chloroform
extraction step. Total RNA concentration and qudR60/280 and 260/230 nm absorbance
ratios) were determined using Nanodrop ND-1000tspplotometer (Nanodrop Technologies,
Wilmington, DE) and denaturing gel electrophoréSigma Aldrich, Munich, Germany).

To generate cDNA, two micrograms of total RNA ahd High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster CiGA) were used according to the
manufacturer’s procedure. Complementary DNA waas #tered at -20°C until use.

Canis lupus familiarisnRNA sequences of selected genes (see table &)ol&ined from
GenBank and Ensembl Genome Browser web sites/(httbi.nIm.nih.gov/ and
http://lwww.ensembl.org/). Primer pairs and probesexchosen using the UPL Assay Design
Centre web service (Roche Diagnostics, Basel, vé@rd; https://www.roche-applied-
science.com/sis/rtpcr/upl/index.jsp) and defautapeeters. Primer pairs were designed to span
an exon-exon junction to avoid genomic DNA ampdfion, and primers sets were subjected to
primer test analysis (http://eu.idtdna.com/anali&eplications/OligoAnalyzer/Default.aspx) to
exclude dimer synthesis. Each set of primers wéasged in the 300-600 nM range. Agarose

gel electrophoresis confirmed the amplificatioraafingle amplicon of the expected size. The
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sequence, the length and the concentration of piaies, the amplicon size and the human UPL
probe used for the amplification are shown in téble

For the measurement of gPCR efficiency, calibratiorves were obtained after the amplification
of decreasing amounts of a cDNA pool serially @ditat four-fold intervals. gPCR efficiencies
close to 2 and error values < 0.2 were obtaindulgtd). Canin€CGl-119andGOLGAlwere
chosen as reference genes for the absence ofsisset pathological states-dependent
differences in the mRNA expression, as previousported’

gPCR was performed on 2ub of 50-fold diluted cDNA (about 5 ng) in a finabume of 10uL

by using 1X LightCyclet 480 Probe Master containing 100 nmol/L of the ateld human UPL
probe and LightCycler 480 Instrument (Roche DiagnssBasel, Switzerland) with standard
PCR conditions. Resulting data were analyzed amadtfied with the LightCycler 480 software
release 1.5.2 (Roche Diagnostics, Basel, Switze)larsing the second derivative maximum
method>®> The messenger RNA relative quantification (RQ) pegormed by using theACt
method®® Tumor samples and surgical margins values weedlfiexpressed as fold-changes

(A.U.), such as normalized to the RQ mean valuepotrol skin samples.

Statistical analysis:

All statistics were carried out using STATA 9.24@iCorp LP, College Station, Texas, USA).

The MCT was considered as the statistical univaBate analyses were used to process the data;
because of the relatively small sample size, masgociated to the mortality, multivariable
analysis came out to be difficult to apply and hesdid not often converge. Variables such as
age, sex, breed and adjuvant therapy were notaenesi in this study. Given the low size of the
G3 MCTs (n=3) for the Patnaik grading system, th&lysis was performed considering G1

versus G2 and G1 versus G2 + G3.



The association between prognosis (i.e. mortadity) the histological grading was assessed by
the Fisher’s exact test.

The distributions of values of MI, protein and gexgression of Ki67, BCL-2 and COX-2,
compared with both the histological grading systams the outcome, were evaluated
performing the Mann-Whitney test; in addition, thaluation of the homogeneity of variances
across the groups was carried out by the non-paranest proposed by Brown and Forsythe
(1974)/ replacing the mean with the median.

In order to categorize the parameters Ki67, BCln@ @OX-2 and, therefore, identify a cut-off,
ROC curve analysis was applied considering theattyrias reference variable; the area under
curve (AUC), as an estimate of the performancéeftést, and sensitivity (Se), specificity (Sp),
positive and negative predictive values (PPV an¥ NBspectively) were calculated. For MI, the
cut-off = 5 was used. The direction and the strierdthe associations were reported as the odds
ratio with the 95% confidence interval (ClI).

The Mann-Whitney test was used to compare mRNAesgion in MCTs with control skin
samples. The comparison between mRNA expressibtCiis and surgical margins was
performed using the Wilcoxon signed-ranks test.

The Spearman’s Rho index was calculated to evatbateorrelation between protein and mRNA
expression of Ki-67, BCL-2 and COX-2.

The survival time was investigated by means of KagVeier survival analysis; the two grading
systems and the different categorized parametas eomsidered as stratification variables. The

log rank test was used to compare the survival gngooups.

Results
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The time course of the study covered a periodvef yiears (2006 — 2010), and a total of 53
MCTs from 51 dogs that met the inclusion criteriergvenrolled in the study. Both male (18) and
female (30) dogs were included in the study. Thedgewas not available for 3 cases. The mean
age at surgery was 7 years (range 3-13 years)follbeiing breeds were represented: crossbred
(14), Boxer (9), Labrador retriever (10), Englisttt8r (3), Golden retriever (3), Cocker Spaniel
(2), Dogo Argentino (2), Dachshund (1), Boston iezr(l), Bouvier des Flandres (1), Bulldog
(1), Cane Corso (1), Dalmatian (1) and Pitbull Bt 1 dog the breed was not available. Two
dogs were affected by two MCTs that were surgicaMgised at the same time. Both dogs were
still alive at the end of the study period (24 d7dmonths of follow-up time, respectively) and

no local or distant recurrence of the tumor werseoed.

The mean follow-up time was 18 months (range 3)-Birty-eight patients were still alive at
the end of the study period (follow up range 1B-+x®nths); two of them received adjuvant
chemotherapy. Three dogs showed development additiamal MCT at a site distant from

where the original mass was observed, and wetalstié at the end of the study. Eight dogs
showed clinical signs of MCT recurrence at thaahiumor site and died or were euthanized (2
dogs) for progressive MCT disease. All of thesesdmegeived adjuvant chemotherapy. The mean
survival time was 8.5 months (range 3 — 13 monftkisg patients died for other diseases, not

correlated with MCT.

Histological grading and Ml

Twenty-eight MCTs were classified as Grade 1 (@2)as Grade 2 (G2) and 3 as Grade 3 (G3),
according to Patnaik system. The full concordamaersy pathologists was 100% for the
diagnosis of G3, 70% for the diagnosis of G2 anth 76r G1. In the remaining cases the grade

was attributed by the consensus of at least twiogbagists.
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Overall 8 dogs died for progressive MCT disease niortality rate was 0% in G1 MCTs, 23% in
G2 MCTs (5 cases) and 100% in G3 MCTs (3 cases)si@ering the survival analysis stratified
by Patnaik grading system (figure 1), G2 MCTs shibwaesurvival probability of 0.91 (n=21,
95% CI: 0.68 — 0.97) and 0.85 (n=17, 95% CI: 0.@195) at 6 and 12 months, respectively,
stabilizing at 0.72 (n=10, 95% CI: 0.44 — 0.87¢aft5 months. The survival curves of G1 and
G2 MCTs were significantly different (p = 0.006 h&three G3 MCTs presented 3, 6 and 9
survival months, respectively.

By the 2-tier grading system, all the pathologidemntified 46 MCTs as low (L) grade and 7 as
high grade (H), and the mortality rate was 6% mlthgrade (3 cases) and 71% in the H grade
MCTs (5 cases). The survival probability at 12 nmasrfor L grade MCTs was 0.95 (n=40, 95%
Cl: 0.83 — 0.98) and decreased to 0.92 from 15 hsoft=29, 95% CI: 0.77 — 0.97) until the end
of the follow-up period. With regard to H grade M&The 7 cases showed a quick decrease of
the survival curve during the follow-up period, wfgcantly different from L grade MCTs (p <
0.001) (figure 2).

Both grading systems were significantly associatgd prognosis (p < 0.001). Considering G2
and G3 altogether, the Patnaik grading showeda $@0% (95% CI: 63.1%-100%) and a Sp of
62% (95% CI: 46.5%-76.2%), while the 2-tier gradsygtem had a Se of 62.5% (95% CI:
24.5%-91.5%) and a Sp of 95.6% (95% CI: 84.9%-99.9%e Patnaik system had a PPV of
32.0% (95% CI: 14.9%-53.5%) and a NPV of 100% (I3Br8B7.7%-100%), while in the 2-tier
grading system the PPV and NPV were 71.4% (95%2@*-96.3%) and 93.5% (95% CI:
82.1%-98.6%), respectively. Combining the two gngdystems, all G1 MCTs were classified
as L grade and, similarly, all G3 MCTs were clasdifas H grade. The 82% of G2 MCTs were
identified as L grade versus the 18% of H gradewsl$ significantly associated with both

grading systems (p < 0.001) and with prognosis (p081). The 53 tumors were divided into 2
12



groups on the basis of the MI: group 1 (n =48) Wwith< 5, and group 2 (n = 5) with Ml > 5. The
mortality rate was significantly different betwetre two groups (p = 0.001): 92% of subjects
with MI <5 were still alive while 80% of dogs with M| > 5eve dead at the end of the study
period; furthermore the two groups showed diffemanvival curves (p < 0.001; figure 3). In our
survey, the Ml had a Se of 50% (95% CI 15.7% - &).a8nd a Sp of 97.8% (95% CI 88.2% -
99.9%); the PPV was 80% (95% CI: 28.4% - 99.5%)thed\NPV was 91.7% (95% CI: 80.0% -

97.7%).

Ki67

By immunohistochemistry, the nuclei of Ki67 posgtigells were labelled brown, no
immunolabeling was observed in the cytoplasm arsitipe cells were uniformly distributed in
the neoplastic tissue in all cases (figure 4). Adow to Patnaik grading system, the median
value of the Ki67 index was 2.5, 6.0 and 20.6 far G2 and G3 MCTs, respectively. A
significant association between Ki67 protein expi@s and the grade was observed (p = 0.024)
comparing G1 versus G2 + G3; a less pronouncedrdiite was found comparing G1 versus G2
(p = 0.092). Interestingly, the variability of Kig#otein expression in G1 group was
significantly lower than G2 (p = 0.022) and G2+@®3=(0.004). According to the 2-tier grading
system, the Ki67 index was significantly lower igtade than in H grade MCTs (p = 0.002). In
addition, increased Ki67 counts were significambgociated with an increased incidence of
MCT-related mortality (p = 0.049). The cut-off valthat better discriminated MCTs associated
with patient mortality was determined by the RO@vels analysis and was equal to 10.6. The
area under the curve (AUC) showed a value of ®B2«(CI: 0.52 — 0.92) as a measure of the
global performance of the test. Using this cut-poire correctly classified 79% of the 53 MCTs

and the Se and Sp were respectively 62.5% (95%4%% - 91.5%) and 82.2% (95% CI: 67.9%
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- 92%). The PPV and NPV were 38.5% (95% Cl: 13.988.4%) and 92.5% (95% CI: 79.6% -
98.4%) respectively. The probability of dying fopatient affected by a MCT with a Ki67 index
> 10.6 was 8 times higher than for a dog with a lovedue (OR: 7.7, 95% CI: 1.16-57.22).
Overall 3 out of 40 MCTs with Ki67 index < 10.6 s&d MCT related mortality; six-months and
1-year survival probabilities were 0.95 (n=39, 96%0.81 - 0.98) and 0.92 (n=34, 95% CI. 0.77
- 0.97), respectively. Five out of 13 MCTs with Rithdex> 10.6 caused MCT related mortality;
the survival probability observed was 0.92 (n=13%9CI: 0.57 - 0.98) at 6 months and 0.77 at
12 months (n=10, 95% CI: 0.44 - 0.92). The two salvcurves were significantly different (p =
0.006) (figure 5). A moderate correlation betweed7/Kprotein and gene expression (Spearman’s
rho = 0.45) was also observed. No statisticallyisicant differences in Ki67 gene expression
were detected among control skin tissue, surgieagms (SM) and MCTs. Furthermore, no
association betweefi67 mRNA and Patnaik grading system was observed. iGemsg the 2-

tier system, in the H grade MCTs a wide variability<i6 7 mRNA levels was recorded (p <

0.001). Similarly, the gene expression data wetessociated with the outcome.

BCL-2

The BCL-2 protein was detected in the cytoplasmeafplastic mast cells and positive cells were
uniformly distributed in the neoplastic tissue Ihcases (figure 6). However, no significant
association between BCL-2 protein expression ai e grading systems nor health status
was recorded. A significant lowBCL-2 mRNA expression in neoplastic tissues comparel wit
surgical margins (p < 0.001) and control skin sasplas observed (p < 0.001). No correlation
between gene and protein expression data was deétgpearman's rho = -0.11). TBEL-2

MRNA expression was significantly higher in G2 thaG1 MCTs(p = 0.012), as well as in the

group of G2 + G3 than in G1 (p = 0.014). On thetay, no differences were detected between
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L and H grades. Notwithstanding, the H grade MOTmased a significantly higher variability in
theBCL-2 mRNA expression than L grade MCTs (p = 0.015).

Different distributions oBCL-2 mRNA data between alive and dead dogs were higielih

being the median value 0.17 AU and 0.32 AU, respelgt(p = 0.024). Furthermore a significant
different variability was observed in the two greyp = 0.028). The best identified cut-off of the
BCL-2mRNA expression was 0.22 AU (AUC: 0.74; 95% C&@)- 0.93) which allows to
correctly classify the 65% of cases. The Se andf&CL-2 mRNA were 75.0% (95% CI: 34.9%
- 96.8%) and 63.6% (95% CI: 47.8% - 77.6%), while PPV and NPV were 27.3% (95% CI:
10.7% - 50.2%) and 93.3% (95% CI: 77.9% - 99.2%gpectively. In terms of odds ratio, the
probability of dying for a dog witBCL-2mRNA value> 0.22 AU was 5 times higher than for a
dog with a lower value (OR: 5.25; 95% CI. 0.79 -Z5j. Overall, 2 out of 30 cases wBICL-2
MRNA value < 0.22 AU died because of their MCTs-®ionths and 1-year survival
probabilities were 0.97 (n=30, 95% CI: 0.78 - 0.88) 0.93 (n=25, 95% CI: 0.76 - 0.98),
respectively. Six out of 22 cases WBEL-2 mRNA value> 0.22 AU died because of their
MCTs. Six-months and 1-year survival probabilitresre 0.91 (n=21, 95% CI: 0.68 - 0.97) and
0.81 (n=17, 95% CI: 0.57 -0. 92), respectively. Tdgrank test provided a p-value of 0.057

(figure 7).

COX-2

By immunohistochemistry the COX-2 protein was digéén the cytoplasm of neoplastic cells,

in 78% of the MCTs investigated (figure 8). A stgoassociation between the distribution and the
intensity of the COX-2 staining was observed (Spwar's Rho = 0.79). Notwithstanding, neither
an association with the tumor grade nor with thathestatus was highlighte@OX-2mRNA

was significantly higher in MCTs compared with saaymargins (p < 0.001) and control skin
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tissue (p < 0.001). No correlation between genepratkin expression was observe®X-2
MRNA levels were not associated with either thelgrg systems. A higher variability of the
MRNA values was observed in H grade than in L gM@d's (p < 0.001). The same distribution
of COX-2mRNA values between dead and alive dogs was o&derv

Detailed results of Ki67, BCL-2 and COX-2 expressiaccording with both the grading systems

and prognosis have been summarized in tables %.and

Discussion

In the present study, the prognostic significarfceome markers involved in cell proliferation
and apoptotic pathway have been investigated, derisg both the protein and mRNA
expression, in canine cutaneous MCTSs.

Two different histologic grading system have begpliad, in order to compare their prognostic
significance and the relationship with the expm@ssf the markers investigated.

The Patnaik grading system, based on M, locabratinvasiveness and cellular differentiation,

emerged to be scarcely repeatable among diffeshbfmgists’*®

and of limited prognostic
value for G2 MCTs, as these tumors behave unpaalict*"* In our survey, the most significant
inter-observer variation in grading was betweena®d G2 MCTs. All dogs with G1 MCT were
still alive at the end of the study period, withewtdence of tumor recurrence. On the contrary,
all dogs with G3 MCT died for MCT recurrence andaséasis, with a mean survival time of 6
months (from 3 to 9). Five dogs out of 22 (23%)hwatG2 MCT died for progressive MCT
disease with a mean survival time of 10 monthafdbto 15 months). These results are in
accordance with previous published data, indicatiag well differentiated MCTs (G1) carry an

excellent long-term prognosis, while anaplastic@&Ts are characterized by poor long term

prognosis'® The behavior of intermediate (G2) MCTs is mordidlift to predict. The majority of
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G2 MCTs are cured with wide surgical reseclbhut between 5 and 22% metasta$fzéIn
order to eliminate the ambiguity of intermediatadg MCTs and to better predict the biological
behavior, an alternative 2-tier grading systemetas the number of mitotic figures in
combination with cellular atypia has been receptlyposed for cutaneous MC¥%In our

survey, the accordance between pathologists waisgtyrimproved by the application of this 2-
tier grading system. The cases classified as Hegk#@Ts, showed a quick decrease of the
survival curve during the follow-up period, sige#ntly different from L grade MCTs; the
mortality rate was 71% for H grade MCTs and 6%lfgrade MCTs, with a PPV and NPV of
71.4% (95% CI: 29%-96.3%) and 93.5% (95% CI: 829886%), respectively. According with
this new classification, H grade MCTs have a higk of aggressive behavior, while low-grade
tumors should be clinically monitored and furthewgnosticated with other prognostic
markers®® In any case, other prognostic markers are stroregjyired to better define the
prognosis of MCTs. Particularly, the Ml and the Kigrotein expression seem to have the
highest prognostic value, as already observederatudies:**°"*-"%n our survey, MCTs with
a MI > 5 had lower survival times and higher motyalates than MCTs with M 5.
Furthermore, the probability of dying for a patiaffected by a MCT with a Ki67 index10.6
was 8 times higher than for a dog with a lower gaRrevious studies have investigated the
prognostic significance of Ki67 protein expressiomMCTs, and different cut-off values have
been proposed. Notwithstanding, different methodsount the Ki67 positive cells fraction have
been used among different studi&s’®leading to different cut-off values. Standardiaatof

the Ki67 positive cells counting method among défe pathologists, should be helpful to
determine the better cut-off value to help theician to assess the prognosis of MCTs.

The possible role of the anti-apoptotic moleculed.lBOn canine cutaneous MCT progression

has never been investigated before. In human patdfected by cutaneous mastocytosis, the
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expression of BCL-2 protein and mRNA were signifitga enhanced if compared with healthy
controls, suggesting that prolonged survival of theais may be associated with increased mast
cell numbers? In our study, a significant decreaseB§EL-2 mRNA expression in neoplastic
tissues compared with surgical margins and coskiol samples was observed. This finding
could be explained by the presence of differerisdgpes in skin samples (SM and control skin),
including non neoplastic cells, such as the bgsighelium, that could constitutively express
different levels of specific genes. On the contragmples collected from the core of the tumor,
did not include the epidermis. Thus, results ofggexpression from surgical margins are mainly
representative of skin expression, while those fremor samples are mainly representative of
neoplastic mast cells expression.

Among tumor samples the mRNA levels were signifiyanigher in MCTs of grade 2 and 3
compared with grade 1, while no significant diffeces were observed between L and H grades.
A possible explanation of this latter finding cole the relative low number of H grade MCTSs,
as well as the high variability observed amongHhgrade MCTs. The gene expression appeared
to be associated also with prognosis. ParticulMi@Ts withBCL-2mRNA amounts 0.22 AU

had shorter survival time than those with lowereal Several studies on mast cell leukemia
show a BCL-2 over-expression, pointing out the ingoace of this anti-apoptotic protein in mast
cell homeostasis Other experiments reveal that upon stimulati@nthie aggregation of high-
affinity IgE receptors (FeRI), mouse mast cells synthesize the anti-apoptaticponent Al

rather than BCL-2° The role of survival/apoptosis-regulatory genemast cell activation has

not been fully defined. There are some reportderekpression and regulation of BCL-2 in mast
cells®427°8pegpite the wide-ranging ability of BCL-2 to protaaell survival, it is clear that in

a number of circumstances BCL-2 is not respongdsi@rotecting cells from apoptosis?’
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Therefore, it is possible that other members oBG&.-2 family may provide protective effects

in some specific biological processes.

In our survey, no significant association betwdenBCL-2 protein expression and the histologic
grade was observed. Furthermore, the expressiBbf2 protein does not seem to be related
with prognosis. These results could be linked &ohigh variability (SD, tables 4 and 5) observed
in each group of MCT (G1, G2, G3, L, H, alive arhd), as well as to the relative low number
of dogs with poor prognosis. Notwithstanding, loukiat the median values of BCL-2 protein
expression in different MCT groups, an increasimegd in G2+G3 vs G1, in H vs L grades
MCTs, as well as in dead vs alive dogs, has todtieed. The lack of correlation between gene
and protein expression data has been already eepiortiterature for other proteifi$®®and

might be due to both post-transcriptional and pestslational mechanisms of regulation that
involved BCL-2%"*A further explanation should be that mRNA relatieantification could be
influenced by cells composition of the sample, whitay include, non neoplastic cells, such as
stromal, vascular and inflammatory cells, that dazdnstitutively express different levels of
specific mRNAs. On the contrary, immunohistochergistlows to localize and semi-quantify
the protein exclusively in the neoplastic cellstHis respect, an approach that provides mRNA
extraction and amplification from cells obtainedotiigh the laser capture micro-dissection
technique might be useful in perspectives. Fuiitgstigations are in progress to better
elucidate the role of BCL-2 family members in tftmgenesis of canine MCTSs.

COX-2 seems to be involved in the processes ofgmaiit transformation and tumor progression
by affecting cell proliferation, mitosis, cell adfien, apoptosis, immune-surveillance and
angiogenesi&® COX-2 protein expression has been described ierabeanine tumors: 829411
Even though the role of COX-2 and its derived melitgds in tumorigenesis appears clear, the

prognostic significance of COX-2 expression in @rftas not been clearly established. Some
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studies reported that COX-2 immunohistochemicatctein was correlated with poorer
prognosis in canine and feline invasive mammargisamas’**>**¥and canine appendicular
osteosarcomas.Considering the evidence in supporting a roled@iX-2 in oncogenesis,
targeted inhibition of COX-2 might represent arernatting option for chemoprevention and/or
chemotherapy’ In human oncology COX-2 is recognized as a pratgipharmacological target
to prevent and treat several human turibféNSAIDs have been shown to be as efficacious as
conventional chemotherapy in dogs with TCC and sgaemous cell carcinonia®

A previous immunohistochemical study stated thatreaMCTs have no significant degree of
COX-2 expression, suggesting a lack of efficacthebe tumors to COX-2-selective inhibitdrs.
In the present study, the COX-2 protein was detelojeimmunohistochemistry in the cytoplasm
of neoplastic cells in 78% of the MCTs investigatédrthermore, we observed a significant
COX-2mRNA up-regulation in MCTs towards surgical masgand control skin. These
evidences suggest that COX-2 could play a role @iI8loncogenesis and that COX-2 inhibitors
may be useful in the prevention and/or treatmemiaoine cutaneous MCTs. However,
determination of COX-2 expression levels in MCTesloot appear to be useful as a prognostic
biomarker. Further investigations are needed tafgltne possible role of COX-2 in MCTs
pathogenesis and to assess the use of NSAIDs amtierapeutic and chemopreventive agents

in dogs.

In conclusion, this study provides novel informatetbout the expression of biomarkers involved
in neoplastic cells proliferation, survival and ppusis in canine cutaneous MCTs. Both protein
and gene expression levels have been investiggtedrbunohistochemistry and gPCR in

neoplastic tissues and correlations with tumoredéhtiation and prognosis have been
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considered. The prognostic value of grading, Mt Ki67 protein were confirmed. However, no
single marker can accurately predict the biologediavior of canine MCTs.
Acknowledgements

The contribution of Dr. Marina Martano to surgerasl collection of follow-up data, Dr. Chiara
Nassuato to immunohistochemical evaluation, Dr.aRdaria Lopparelli to biomolecular
analysis, and Dr. Elisa Baioni to statistical asalys kindly acknowledged.Moreover, authors
would like to thank the personnel of the Histop&dlgy Laboratory of the Istituto Zooprofilattico
Sperimentale delle Venezie for their skillful tecdal assistance, as well as Prof. llaria lacopetti
and Drs. Helen Poser, Barbara Carobbi and Pa@sofori for their contribution in providing

part of tumor and control samples included in thresent investigation.

Declaration of Conflicting I nterests
The authors declared that they had no confliciatefest with respect to their authorship or the

publication of this article.

Financial Disclosure/Funding

This work has been supported by a grant from &t Ministry of Health to the Istituto

Zooprofilattico Sperimentale delle Venezie (RC 14599/06).

21



References:

1. Abadie JJ, Amardeilh MA, Delverdier ME. Immunohishemical detection of
proliferating cell nuclear antigen and Ki-67 in rmesll tumors from dogsl Am Vet Med
Ass0c215:1629-34, 1999.

2. Aresu L, Giantin M, Morello M, Vascellari M, Castaayo M, Lopparelli R, Zancanella
V, Granato A, Garbisa S, Arico A, Bradaschia A, Matli F, Dacasto M. Matrix
metalloproteinases and their inhibitors in canir@mmary tumorsBMC Vet Reg:33,
2011.

3. Baghestanian M, Jordan JH, Kiener HP, Bevec D, AgiBritsch G, Mueller MR, Bankl
HC, Schernthaner GH, Lechner K, Valent P. Activatidd human mast cells through stem
cell factor receptor (KIT) is associated with exgsien of bcl-2Int Arch Allergy Immunol
129:228-236, 2002.

4. Baliga BC, Kumar S. Role of bcl-2 family of proteim malignancyHematol Oncol
20:63-74, 2002.

5. Bostock DE. The prognosis following surgical remlayamastocytomas in dogd.Small
Anim Practl4:27-41, 1973.

6. Bostock DE, Crocker J, Harris K, Smith P. Nucleagganiser regions as indicators of
post-surgical prognosis in canine spontaneous cedlsimoursBr J Cancer59:915-
918, 1989.

7. Brown MB, Forsythe AB. Robust test for the equatifywariancesJ Am Stat As89:
364-367, 1974.

8. Bullock ED, Johnson EM. Nerve growth factor induties expression of certain cytokine
genes and bcl-2 in mast cells - potential roleuivisal promotion.J Biol Chem

271:27500-27508, 1996.
22



9. Cervero C, Escribano L, San Miguel JF, Diaz-AguBtiBravo P, Villarrubia J, Garcia-
Sanz R, Velasco JL, Herrera P, Vargas M, Gonzaleikidwarro JL, Orfao A. Expression
of bcl-2 by human bone marrow mast cells and ieyexpression in mast cell leukemia.
Am J Hemato60:191-195, 1999.

10.Costa C, Soares R, Reis-Filho JS, Leitdo D, AmeinaddeSchmitt FC. Cyclo-oxygenase
2 expression is associated with angiogenesis angHynode metastasis in human breast
cancerJ Clin Pathol55:429-434, 2002.

11.Dore M, Lanthier I, Sirois J. Cyclooxygenase-2 @gsion in canine mammary tumors.
Vet PathoM0:207-212, 2003.

12.Ebrahimi M, Roudkenar MH, Imani Fooladi AA, HalabiR, Ghanei M, Kondo H,
Nourani MR. Discrepancy between mRNA and Proteipréssion of Neutrophil
Gelatinase-Associated Lipocalin in Bronchial Epiitlva Induced by Sulfur Mustard.
Biomed Biotechnd010:823131, 2010.

13.Edwards JG, Faux SP, Plummer SM, Abrams KR, WdRd&rWaller DA, O'Byrne KJ.
Cyclooxygenase-2 expression is a novel prognoatiof in malignant mesothelioma.
Clin Cancer Re8:1857-1862, 2002.

14.Elston LB, Sueiro FA, Cavalcanti JN, Metze K. Thgbrtance of the mitotic index as a
prognostic factor for survival of canine cutanemast cell tumors: a validation study.
Vet Pathof6:362-364, author reply 364-365, 2009.

15.Findley HW, Gu L, Yeager AM, Zhou M. Expression aedulation of bcl-2, bcl-xI, and
Bax correlate with p53 status and sensitivity togpsis in childhood acute
lymphoblastic leukemieBlood 8:2986—-2993, 1997.

16.Fosslien E. Molecular pathology of cyclooxygenasae-@eoplasiaAnn Clin Lab Sci

30:3-21, 2000.
23



17.Fosslien E. Review: molecular pathology of cyclogasyase-2 in cancer-induced
angiogenesisAnn Clin Lab ScB1:325-348, 2001.

18.Gerdes J, Lemke H, Baisch H, Wacker HH, Schwabt&in$. Cell cycle analysis of a
cell proliferation-associated human nuclear antigeimed by the monoclonal antibody
Ki-67. J Immunol133:1710-1715, 1984.

19.Giles FJ, Kantarjian HM, Bekele BN, Cortes JE, Fe8e Thomas DA, Manshouri T,
Rogers A, Keating MJ, Talpaz M, O'Brien S, AlbiMr Bone marrow cyclooxygenase-2
levels are elevated in chronic-phase chronic mgdimikaemia and are associated with
reduced survivaBr J Haematoll19:38-45, 2002.

20.Gottschalk AR, Boise LH, Thompson CB, Quintangiéntification of
immunosuppressant-induced apoptosis in a murireeBline and its prevention by bcl-x
but not bcl-2Proc Natl Acad Sci US81:7350-7354, 1994.

21.Harris RE, Kasbari S, Farrar WB. Prospective stofdyonsteroidal anti-inflammatory
drugs and breast cancéncol Re6:71-73, 1999.

22.Harris RE, Alshafie GA, Abou-Issa H, Seibert K. @taprevention of breast cancer in
rats by celecoxib, a cyclooxygenase-2 inhibi@ancer Re$0:2101-2103, 2000.

23.Hartmann K, Artuc M, Baldus SE, Zirbes TK, HermesTBiele J, Mekori YA, Henz
BM. Expression of Bcl-2 abd Bcl-XL in cutaneous drwhe marrow lesions of
mastocytosisAm J Patholl63: 819-826, 2003.

24.Hinz B, Brune K. Cyclooxygenase-2—-10 years latd?harmacol Exp The300:367-375,
2002.

25.Heller DA, Clifford CA, Goldschmidt MH, Holt DE, M#redi MJ, Sorenmo KU.
Assessment of cyclooxygenase-2 expression in cdr@nmangiosarcoma, histiocytic

sarcoma, and mast cell tumbdiet Pathold2:350-353, 2005.
24



26.Hottendorf GH, Nielsen SW. Pathologic survey of @@irpated canine mastocytomas.
Zbl Vet Med Al4:272-281, 1967.

27.Hueber AO, Raposo G, Pierres M, He HT. Thy-1 triggaouse thymocyte apoptosis
through a bcl-2-resistant mechanishiexp Medl79:785—-796, 1994.

28.Khan KN, Knapp DW, Denicola DB, Harris RK. Expressiof cyclooxygenase-2 in
transitional cell carcinoma of the urinary bladadedogs.Am J Vet Re61:478-481,
2000.

29.Khan KN, Stanfield KM, Trajkovic D, Knapp DW. Ex@®&on of cyclooxygenase-2 in
canine renal cell carcinomelet Pathol38:116-119, 2001.

30.Kim YB, Kim GE, Cho NH, Pyo HR, Shim SJ, Chang $ark HC, Suh CO, Park TK,
Kim BS. Overexpression of cyclooxygenase-2 is dased with a poor prognosis in
patients with squamous cell carcinoma of the uéeciervix treated with radiation and
concurrent chemotherap§ancer95:531-539, 2002.

31.Kitada S, Andersen J, Akar S, Zapata JM, Takayan&a&gewski S, Wang HG, Zhang
X, Bullrich F, Croce CM, Rai K, Hines J, Reed J@pEession of apoptosis-regulating
proteins in chronic lymphocytic leukemia: corredais with in vitro and in vivo
chemoresponseBlood9:3379-3389, 1998.

32.Kitada S, Pedersen IM, Schimmer AD, Reed JC. Dysatign of apoptosis genes in
hematopoietic malignancie®ncogenel3:3459-3474, 2002.

33.Kiupel M, Webster JD, Bailey KL, Best S, DeLay ktisac CJ, Fitzgerald SD, Gamble
D, Ginn PE, Goldschmidt MH, Hendrick MJ, Howerth EYénovitz EB, Langohr |, Lenz
SD, Lipscomb TP, Miller MA, Misdorp W, Moroff S, Mianey TP, Neyens I, O'Toole D,
Ramos-Vara J, Scase TJ, Schulman FY, Sledge D, I8yne&, Smith K, W Snyder P,

Southorn E, Stedman NL, Steficek BA, Stromberg Y&lli VE, Weisbrode SE, Yager J,
25



Heller J, Miller R. Proposal of a 2-tier histologicading system for canine cutaneous
mast cell tumors to more accurately predict biatagbehaviorVet Pathol48:147-155,
2011.

34.Kluck RM, Bossy-Wetzel E, Green DR, Newmeyer DDeThlease of cytochrome ¢
from mitochondria: a primary site for bcl-2 regidat of apoptosisScience275:1132—
1136, 1997.

35.Knapp DW, Richardson RC, Chan TC, Bottoms GD, WidW&, DeNicola DB, Teclaw
R, Bonney PL, Kuczek T. Piroxicam therapy in 34 glagth transitional cell carcinoma
of the urinary bladded Vet Intern Med8:273-278, 1994.

36.Korsmeyer SJ. Bcl-2: a repressor of lymphocyte ldéatmunol Today3:285—-288,
1992.

37.Lavalle GE, Bertagnolli AC, Tavares WL, Cassali GIbx-2 expression in canine
mammary carcinomas: correlation with angiogenasisaverall survivalVet Pathol
46:1275-1280, 2009.

38.Livak KJ, Schimittgen TD: Analysis of relative geeepression data using real-time
quantitative PCR and thé"2"' method Methods25:402-408, 2001.

39.Maglennon GA, Murphy S, Adams V, Miller J, Smith Blunden A, Scase TJ.
Association of Ki67 index with prognosis for intezthate-grade canine cutaneous mast
cell tumoursVet Comp Oncd:268-274, 2008.

40.Maiolino P, Cataldi M, Paciello O, Restucci B, De®& G. Nucleomorphometric analysis
of canine cutaneous mast cell tumour€omp Pathol33:209-11, 2005.

41.McEntee MF, Cates JM, Neilsen N. Cyclooxygenasggession in spontaneous

intestinal neoplasia of domestic doygt Pathol39:428-436, 2002.

26



42.Mekori YA, Gilfillan AM, Akin C, Hartmann K, Metcdé DD. Human mast cell
apoptosis is regulated through bcl-2 and bclXClin ImmunoR1:171-174, 2001.

43.Millanta F, Citi S, Della Santa D, Porciani M, PAli COX-2 expression in canine and
feline invasive mammary carcinomas: correlationh wiinicopathological features and
prognostic molecular markefBreast Cancer Re38:115-120, 2006.

44 Mukaratirwa S. Prognostic and predictive markersanine tumours: rationale and
relevance. A Reviewet Q27:52-64, 2005.

45.Mullins MN, Lana SE, Dernell WS, Ogilvie GK, WithroSJ, Ehrhart EJ.
Cyclooxygenase-2 expression in canine appendiost@&osarcomal. Vet Intern Med
18:859-865, 2004.

46.Murphy S, Sparkes AH, Smith KC, Blunden AS, Bream&]. Relationships between the
histological grade of cutaneous mast cell tumoniidags, their survival and the efficacy
of surgical resectiorVet Red54:743-746, 2004.

47.Northrup NC, Harmon BG, Gieger TL, Brown CA, Carimael KP, Garcia A, Latimer
KS, Munday JS, Rakich PM, Richey LJ, Stedman NLe@hAL, Howerth EW.
Variation among pathologists in histologic gradafganine cutaneous mast cell tumors.
J Vet Diagn Invest7:245-248, 2005.

48.Northrup NC, Howerth EW, Harmon BG, Brown CA, Cacheal KP, Garcia AP,
Latimer KS, Munday JS, Rakich PM, Richey LJ, StedN&, Gieger TL. Variation
among pathologists in the histologic grading ofisarcutaneous mast cell tumors with
uniform use of a single grading referent&/et Diagn Invest7:561-564, 2005.

49.0’Keefe DA. Canine mast cell tumoiget Clin N Am Small Anim Pra20:1105-1115,

1990.

27



50.Patnaik AK, Ehler WJ, MacEwen EG. Canine cutaneoast cell tumor: morphologic
grading and survival time in 83 dod#et Pathol?1:469-74, 1984.

51.Pestili de Almeida EM, Piche C, Sirois J, Doré MpEession of cyclo-oxygenase-2 in
naturally occurring squamous cell carcinomas insddgHistochem Cytoched®:867—
875, 2001.

52.Preziosi R, Sarli G, Paltrinieri M. Multivariatersival analysis of histological parameters
and clinical presentation in canine cutaneous elstumoursVet Res ComiBl:287—
296, 2007.

53.Queiroga FL, Perez-Alenza MD, Silvan G, Pefa L,d0@, lllera JC. Cox-2 levels in
canine mammary tumors, including inflammatory mamntarcinoma:
clinicopathological features and prognostic sigrifice Anticancer Re25:4269-4275,
2005.

54.Queiroga FL, Alves A, Pires |, Lopes C. ExpressibCox-1 and Cox-2 in canine
mammary tumoursl Comp Pathol36:177-185, 2007.

55.Rasmussen R. Quantification on the Light CyclerMeuer SC, Wittwer C, Nakagawara
K, eds.Rapid Cycle Real-Time PCR: Methods and Applicatiblesdelberg, Germany:
Springer; 2001:21-34.

56.Reddy ST, Wadleigh DJ, Herschman HR. Transcriptioegulation of the
cyclooxygenase-2 gene in activated mast c&l&iol Chen275:3107-3113, 2000.

57.Romansik EM, Reilly CM, Kass PH, Moore PF, LondoA. Mitotic Index Is Predictive
for Survival for Canine Cutaneous Mast Cell Tumdfst Pathold4:335-341, 2007.

58.Ruvolo PP, Deng X, May WS. Phosphorylation of Bai2l regulation of apoptosis.

Leukemial5:515-522, 2001.

28



59.Sakai H, Noda A, Shirai N, lidaka T, Yanai T, Mas€gShirai N, lidaka T, Yanai T,
Masegi T. Proliferative activity of canine mastléamours evaluated by
bromodeoxyuridine incorporation and Ki-67 expressioComp Pathol27:233-238,
2002.

60.Salomons GS, Smets LA, Verwijs-Janssen M, Hart Haarman EG, Kaspers GJ,
Wering EV, Der Does-Van Den Berg AV, Kamps WA. Bcfamily members in
childhood acute lymphoblastic leukemia: relatiopshwith features at presentation, in
vitro and in vivo drug response and long-term cliihioutcomelLeukemial3:1574-1580,
1999.

61.Scase TJ, Edwards D, Miller J, Henley W, Smith Kyriglen A, Murphy S. Canine mast
cell tumors: correlation of apoptosis and prolifema markers with prognosis.Vet Int
Med20:151-158, 2006.

62.Schmidt BR, Glickman NW, DeNicola DB, de Gortari Akhapp DW. Evaluation of
piroxicam for the treatment of oral squamous cattmoma in dogsl Am Vet Med Assoc
218:1783-1786, 2001.

63.Scholzen T, Gerdes J. The Ki-67 protein: from thevin and the unknowd. Cell
Physiol182:311-22, 2000.

64.Séguin B, Leibman NF, Bregazzi VS, Ogilvie GK, PesvBE, Dernell WS, Fettman MJ,
Withrow SJ.Clinical outcome of dogs with grade-Il mast celitrs treated with surgery
alone: 55 cases (1996-1999)Am Vet Med Assdi8:1120-1123, 2001.

65.Simoes JP, Schoning P, Butine M. Prognosis of eamast cell tumors: a comparison of
three methods/et Pathol31:637-647, 1994.

66.Taketo MM. Cyclooxygenase-2 inhibitors in tumorigsis (part I)J Natl Cancer Inst

90:1529-1536, 1998.
29



67.Thamm DH, Vail DM. Mast cell tumor$n: Withrow SJ, MacEwen EG, edé/ithrow
and MacEwen’s Small Animal Clinical Oncolognd edition. St. Louis MI: Saunders-
Elsevier; 2007:402-424.

68.Tu Y, Renner S, Xu F, Fleishman A, Taylor J, Wels¥escio R, Rettig M, Berenson J,
Krajewski S, Reed JC, Lichtenstein A. Bcl-x expressn multiple myeloma: possible
indicator of chemoresistand@ancer Re$8:256—-262, 1998.

69.Wang G, Lai FM, Lai KB, Chow KM, Kwan CH, Li KT, $to CC. Discrepancy between
intrarenal messenger RNA and protein expressighG# and ACE2 in human diabetic
nephropathyAm J NephroR9:524-31, 2009.

70.Webster JD, Yuzbasiyan-Gurkan V, Miller RA, Kanedie Kiupel M. Cellular
proliferation in canine cutaneous mast cell tumassociations with c-KIT and its role in
prognosticationVet Pathol4:298-308, 2007.

71.Weisse C, Shofer FS, Sorenmo K. Recurrence ratesitgs for grade 1l canine
cutaneous mast cell tumors following complete suaigexcisionJ Am Anim Hosp Assoc
38:71-732002.

72.Welle MM, Rohrer Bley C, Howard J, Ruefenacht SniGa mast cell tumour: a review
of the pathogenesis, clinical features, patholagytaeatmentVet Dermatoll9:321-339,
2008.

73.Williams CS, Mann M, DuBois RN. The role of cyclomenases in inflammation, cancer
and developmenOncogend8:7908-7916, 1999.

74.Willimott S, Wagner SD. Post-transcriptional andfptvanslational regulation of BCL-2.
Biochem Soc Trar8:1571-1575, 2010.

75.Xerri L, Hassoun J, Devilard E, Birnbaum D, BirgBel-x and the apoptotic machinery

of lymphoma ceB. Leuk Lymphom28:451-458, 1998.
30



76.Xiang Z, Ahmed AA, Moeller C, Nakayama K, HatakeyaB, Nilsson G. Essential role
of the prosurvival bcl-2 homologue Al in mast celtvival after allergic activationd.
Exp Med194:1561-1569, 2001.

77.Xu XC. COX-2 inhibitors in cancer treatment andvenetion, a recent development.
Anticancer Drug€l3:127-137, 2002.

78.Yang E, Korsmeyer SJ. Molecular thanatopsis: aodise on the BCL2 family and cell
death Blood 88:386—-401, 1996.

79.Yeatman CF, Jacobs-Helber SM, Mirmonsef P, Gille§iR, Bouton LA, Collins HA,
Sawyer ST, Shelburne CP, Ryan JJ. Combined stimonlatth the T helper cell type 2
cytokines interleukin (IL)-4 and IL-10 induces meusast cell apoptosid.Exp Med
192:1093-1103, 2000.

80.Yee NS, Peak I, Besmer P. Role of c-kit ligandroliferation and suppression of
apoptosis in mast cells. Basis for radiosensitigityvhite spotting and steel mutanis.

Exp Medl179:1777-1787, 1994.

31



Tables
Table 1 — Target and housekeeping genes seleatefPfoR analysis: description and GenBank

or Ensembl Genome Browser accession number.

Target genes Description Accession number
) Antigen identified by monoclonal
Ki67 _ _ ENSCAFT00000021024
antibody Ki67
BCL-2 B-cell Lymphoma 2 NM_001002949
COX-2 Prostaglandin-endoperoxide synthase 2 ENSCANFT R84 1

Reference genes

Transmembrane BAX inhibitor motif
CGI-119 . XM_531662
containing 4

GOLGA1l Golgi autoantigen, golgin subfamily a, 1 XM_537849
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Table 2 - Primers and human UPL probes used foRg&®aplification of target genes.

_ _ Primers _
Primer sequence (5-3) Primer _ UPL Amplicon
Genes concentration _
or reference length (bp) probe size (bp)
(nM)
) F: cccacctgtcctgaagaaaa 20
Ki67 F600/R300 22 88
R: tgtggtcacttccagttggtt 21
F: caga ctacgagt 18
BCL-2 99999 J99%99 F300/R300 114 124
R: tggacatctcggcgaaac 18
F: acctgatgactgtccaacacc 21
COX-2 F300/R600 137 72
R: tccacaatctcttttgaatcagg 23

Abbreviations: F, forward primer; R, reverse primer
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Table 3 - gPCR assays parameters: efficiency, fityemnd dynamic range.

Target genes Efficiency Error Dynamic range (Cp)
Ki67 1.997 0.007 23.77 — 35.66
BCL-2 2.024 0.005 26.08 — 37.74
COX-2 1.948 0.073 24.23 — 34.88
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Table 4: Association between Ki67, BCL-2 and CO¥ptbtein and mRNA expression) and the

histologic grades.

Ki67
Class Protein expression* MRNA (A.U.)
No. Median Mean SD pvalue Median Mean SD  Pvalue
Gl 28 250 391 442 1.51 2.24 2.33
G2 22 6.00 7.70 7.568'8242; 1.55 5.08 10.00 832}?
G3 3 20.60 20.069.21 2.25 6.59 851
Low 46 280 490 561 1.47 2.07 2.17
High 7 16.00 16.228.89 0.002 11.54 13.68 15.24 0.040
BCL-2
Protein expression* MRNA (AU)
No. Median Mean SD pvalue Median Mean SD  Pvalue
Gl 28 080 320 5.16 0.14 0.17 0.12
G2 22 200 455 5.888'22 0.25 0.56 1.42 8813;
G3 3 0.00 240 415" 0.16 0.22 0.13
Low 46 1.00 354 549 0.19 0.21 0.13
High 7 520 471 4.80 0.449 0.16 1.16 2.47 0.707
COX-2
Protein expression** MRNA (AU)
No. Median Mean SD pvalue Median Mean SD  Pvalue
Gl 28 200 259 274 7.19 11.95 13.87
G2 22 350 318 263 gjii 11.02 50.13 156.41 82(1);
G3 3 2.00 166 152 0.73 19.53 3259
Low 46  2.00 293 2.75 50.93 134.68 263.08
High 7 2.00 1.86 1.57 0.389 7.31 11.18 12.31 0.163

4 G1 versus G2

b G1 versus G2 + G3

* average of the number of immunopositive cells H&0 cells, evaluated in five randomly

selected HPFs
** COX-2 staining index. obtained by multiplyingglCOX-2 staining distribution and intensity

scores
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Table 5: Association between Ki67, BCL-2 and CO¥ptbtein and mRNA expression) and the

mast cell tumors-related mortality.

Ki67
Outcome Protein expression* MRNA (AU)
No. Median Mean SD pvalue Median Mean SD P value
Alive 45 2.80 543 6.23 1.56 3.52 7.07
Dead 8 11.70 11.85 9.84 0.049 1.26 4.27 6.16 0.949
BCL-2
Protein expression* MRNA (AU)
No. Median Mean SD pvalue Median Mean SD P value
Alive 45 1.20 3.66 5.54 0.17 0.19 0.13
Dead 8 2.30 3.90 4.69 0.729 0.32 1.11 2.28 0.024
COX-2
Protein expression** MRNA (AU)
No. Median Mean SD pvalue Median Mean SD P value
Alive 45 2.00 2.75 2.63 7.64 29.42 108.91
Dead 8 2.50 3.00 2.82 0.786 1225 1890 22.52 0.949

* average of the number of immunopositive cells H&0 cells, evaluated in five randomly

selected HPFs

** COX-2 staining index. obtained by multiplyingglCOX-2 staining distribution and intensity

scores

36



Figurelegends:

Fig. 1. Survival curves for mortality due to mast cumors (MCTSs), stratified by Patnaik
grading systef (G1: n = 28; G2: n = 22; G3: n = 3).

Fig. 2. Survival curves for mortality due to masli ¢umors (MCTS), stratified by the 2-tier
grading systerft (L: n = 46; H: n = 7)

Fig. 3. Survival curves for mortality due to masli cumors (MCTSs), stratified by Mitotic Index
(MI<5: n=48; MI>5: n =5)

Fig. 4. Skin; dog, MCT. By immunohistochemistry tineclei of Ki67 positive mast cells are
labeled brown and no cytoplasmic immunostain isl@vi. DAB, hematoxylin counterstain.

Fig. 5. Survival curves for mortality due to masli ¢umors (MCTS), stratified by Ki67 index cut
point (Ki67<10.6: n = 40; Ki6¥10.6: n = 13)

Fig. 6. Skin: dog, MCT. The cytoplasm of neoplastiast cells is labeled brown by
immunohistochemistry with the primary antibody agaiBCL-2 protein. The basal cell layer of
the epidermis is also labeled (lower right-hancheoy. DAB, hematoxylin counterstain.

Fig. 7. Survival curves for mortality due to mast cumors (MCTSs), stratified bBCL-2 mRNA
expression cut poinBCL-2<0.22 A.U.: n = 30BCL-2>0.22 A.U.. n = 22)

Fig. 8. Skin; dog, MCT. Cytoplasmic brown stainneplastic mast cells is observed by
immunohistochemistry with the primary antibody agaiCOX-2 protein. DAB, hematoxylin

counterstain.
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