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Abstract. Cutaneous mast cell tumors (MCTs) are among th& ommmon neoplasms
in dogs and show a highly variable biologic behauitistological grading, cell proliferation
markers, and KIT immunohistochemistry are typicaked to predict post-surgical prognosis. In
the present study, c-KIT messenger RNA (MRNA) esgiten was measured in canine MCTs
and its relationship with tumor grade, immunohis@mical staining pattern, post-surgical
prognosis, and mutations was investigated. A sicanit increase of ¢-KIT mRNA was observed
in MCTs versus healthy skin and surgical marginatdflons were observed in 8.3% of cases.
The KIT staining pattern was investigated for bgtading systems. In particular, staining
pattern Il was associated with grade Il (G2) arBINBCTs, while staining patterns | and Il were
associated with G1 and G2 MCTs. Considering therZaistological grading, the high grade
was mainly associated with pattern Il (71%) wlitiile low grade was associated with patterns Il
(70%) and | (28%). A weak association between thedaining pattern and outcome was also
observed. The results obtained suggest that c-KKNAis overexpressed in canine MCT,
although the fold variations were not associatdtl ¥ie protein localization or complementary
DNA mutations. These observations suggested tlea? #tvents were independent. The
histological grading and the KIT staining patteavé prognostic value as previously published.
Staining pattern | could be especially helpful regicting a good prognosis of G2 MCTs.
Sequence mutations were not necessarily suggestav@orse prognosis, but might be useful in

choosing a chemotherapy protocol.

Key words: c-KIT; dogs; mast cell tumor; messenger RNA exgies quantitative real-

time polymerase chain reaction.



Introduction

Dogs frequently develop solitary and multiple maedt tumors (MCTSs) that account for
approximately 6% of all canine neoplasms and 20%kivf tumors>** In human beings,
cutaneous mastocytosis is rare and behighile the biological behavior of canine MCTs is
often difficult to predict* Some MCTs are benign, develop slowly, and pefsistears, while
other MCTs may have malignant behavior and exindpitd progression, metastases, and
eventual deatf The etiology of MCTs is still unknown but it isgsumably multifactorial with
a well-documented breed genetic predisposition,(Baxers) that may influence individual

susceptibility to the tumor and increased aggressigs:

“2Eyen the anatomic location has an
effect on prognosis, as MCTs that originate inrthg bed, oral cavity, muzzle, or inguinal,
preputial, perineal, and mucocutaneous areas hétea a worse clinical progno$s.

The Patnaik histological grading syst8rmnd clinical staging are the most frequently
used and internationally recognized MCT prognastimmeter§3* Histologically, MCTs are
graded as well (grade |, G1), moderately (grad&®), or poorly differentiated (grade Ill, G3)
tumors. Grade Ill MCTs are usually more aggresaiv@ have a greater possibility of metastasis
than G2 MCTs? The clinical staging classifies MCTs by the exteftheir growth. Stage 0 is
usually assigned to tumors that are incompletetysexi from the dermis or lack regional lymph
node involvement. Stages | and Il encompass singhers that are confined to the dermis
without or with lymph node involvement. Stage Idaplasms include multiple dermal tumors or
large, infiltrating tumors without or with lymph de involvement. Stage IV includes neoplasms
with distant metastasé&Despite increasing use, the prognostic aspediistflogical grading

are still subject to debat@ This is especially the case for G2 MCTs that mayehconsiderable

variation in biological behavidt: Assignment of MCT histological grade has variedag



pathologists, and these dissimilarities mostly aepen the subjective parameters such as
invasiveness, cellularity, and cellular morphold§¥.0 improve concordance among
pathologists and to provide better prognostic $icgmce, a 2-tier histologic grading system has
been proposed.

Other prognostic markers including microvessel igrf mitotic index?’*°and markers
of cellular proliferation and growth rate, suchaagyrophilic nucleolar organizer regions,
proliferating cell nuclear antigen, and MKi-67 imnareactivity***?“°have been investigated in
canine MCT.

The study of the c-KIT receptor (KIT or clusterdifferentiation [CD]117) has been
recently done to explain the pathogenesis of camit@neous MCT& This receptor is a surface
growth factor that is normally expressed in ma#is¢®Cs) and is encoded by the proto-
oncogene c-KIT. This gene encodes for a transmemalisgoe Il tyrosine kinase which is the
receptor for stem cell factor. The protein considtan extracellular domain with 5
immunoglobulin-like domains (encoded by exons 1a3fansmembrane domain (exon 10), and
an intracellular domain (exons 11-21). The intda¢a domain is further divided into a negative
regulatory juxtamembrane domain (exons 11 and d@)acytoplasmic tyrosine kinase domain
that is split by an insert into adenosine 5'-trightoate (ATP)-binding (exon 13) and
phosphotransferase lobes (exon *f)igand binding triggers receptor dimerization,iaating
the tyrosine kinase, and results in autophosphiboylaThis cascade of events causes
phosphorylation of exogenous substrates leadinipwmstream signal transduction phenomena

with subsequent proliferation, migration, and diigtiation of MCs, hematopoietic stem cells,

germ cells, and melanocyt¥s.



A ligand-independent mechanism has been proposexpiain MC proliferatiort. Two
types of alteration were hypothesized. First, T gene amplification and/or overexpression
might increase the cell response to normal groathof levels or the occurrence of receptor
dimerization, even in the absence of the activatgand*® Second, c-KIT genetic modifications
of the juxtamembrane and tyrosine kinase domaias (hutations, insertions, deletions) might
enhance the constitutive phosphorylation of KlTeggor, resulting in ligand-independent KIT
activation and ensuing tumor developm@nt.

At present, KIT immunohistochemistry reactivity atslpattern of distribution have been
used as diagnostic criteria for canine MCTBlormal and abnormal patterns of KIT expression
have been described including a “surface-associatasiembranous pattern with an
immunopositivity of the cell membrane, a cytoplasmperinuclear pattern where KIT is detected
in the cytoplasm of neoplastic MCs close to thdews; and a diffuse pattern where MCs have
diffuse KIT expression throughout the cytopla&tf*’The presence of aberrant cytoplasmic
KIT localization has been correlated with a redupest-surgical survivaf®

A large number of c-KIT mutations have been idesdifin canine MCTs, mostly
localized in exon 1§°1929.38404%ccasionally in exons 8 andYand sometimes in exon 17.
Exon 11 mutations usually consist of internal tandkiplications and have been associated with
higher grade MCTs and an increasing incidenceafrrent disease and dedth.

With the exception of a kinetic study in which cIKinessenger RNA (mRNA) levels
were measured in blood samples of dogs sufferimg MCTs* no reports concerning c-KIT
gene expression in canine MCTs of different higjadal grades have been published according
to the authors’ knowledge. In the present study pibtential mechanism of c-KIT gene

amplification/overexpression was evaluated usirgngjtative real-time reverse transcription



polymerase chain reaction. Furthermore, the redatigpp between c-KIT gene
amplification/overexpression and KIT staining patieumor grade, post-surgical prognosis, and
mutations were investigated.

Materials and methods
Case selection, tissue specimens, and clinical data

Overall, 60 confirmed cases of spontaneous caniteneous MCTs were obtained from
veterinary clinics of northern Italy throughout tyears 2007-2009. Patients were enrolled in the
study after the registration of breed, age, sembuer of tumors, tumor size and anatomical
location, and treatments. All dogs underwent s@algégcision of the entire tumor, and the
diagnosis was confirmed by histological examinatiaraddition, outcome data, including local
or distant recurrence, metastasis, and cause tf,deere recorded. A distant recurrence was
defined as the development of an additional massegl far from where the original mass was
observed. Outcome time was defined as the time &ata of diagnosis to date of the last
outcome or death.

For total RNA extraction, aliquots from the cenfpalt of the tumor mass (up to 100 mg
each) and from the surgical margin (SM; 3 cm wideje aseptically collected during surgical
intervention and immediately stored in RNA stalgitian solutiofi at —20°C until use. Skin
samples, obtained from adult pathogen-free Beags grovided by GlaxoSmithKline Research
Centre (Verona, Italy) and from adult dogs notauffg from neoplasm and euthanized in
veterinary clinics of Padua due to poor generabld@ms or traumas (i.e., car accidents), were
used as controls for the relative quantificatiomgehe expression data. Cutaneous biopsies were
collected in sterility up to 30 min after euthamaand stored in RNA stabilization solution until

use.



Histology and immunohistochemistry

After surgical excision, all MCTs were fixed in 108utral buffered formalin, routinely
processed, and paraffin-embedded. Four-micronlsa@ions were cut for hematoxylin and
eosin staining and immunohistochemical detectiokl®freceptor. The tumor grade was
determined according to Patn®iky consensus of 3 pathologists (Vascellari, Caatoinand
Vercelli). Furthermore, the recently proposed 2-iistologic grading system (low and high
grade) for MCTs was appli€d.

Immunohistochemistry was carried out by an autochatenunostainef.Sections were
deparaffinized in xylene, rehydrated in graded mthhaand rinsed in distilled water. The heat-
induced antigen retrieval was performed in 10 mMithte buffer (pH 6.0) at 98°C.
Endogenous peroxidases were neutralized by incub#ie sections in 3%28, in phosphate
buffered saline (PBS). Sections were incubated Wil diluted polyclonal rabbit anti-human
KIT receptomprimary antibod{ for 15 min at room temperature. A horseradisioyieiase
system and 3,3-diaminobenzidine tetrahydrochloride wesed as detection system and
chromogen, respectively. Sections were then costiaieed with Mayer hematoxylin. The
specificity of the immunostaining was verified Imgubating sections with PBS instead of the
specific primary antibody. Three KIT receptor patgeof localization were considered: a)
perimembrane (pattern 1); b) focal to stippled gy&smic (pattern Il); and c) diffuse cytoplasmic
(pattern 111). Each MCT was classified based onghevalent staining pattern of the neoplastic
cell population.

Total RNA isolation and reverse transcription
Total RNA was isolated using TRIzol readeatcording to the manufacturer’s

instructions. Samples were then purified with asieal phenol-chloroforfrextraction step.



Total RNA concentration and quality (260/280 an@/280 nm absorbance ratios) were
measured by using a spectrophotonieted a denaturing deélectrophoresis. To generate
complementary DNA (cDNA), 2g of total RNA and a commercial cDNA transcriptkitf
were used, following manufacturer’s instructionsn@plementary DNA was finally stored at —
20°C until use.
Quantitative real-time polymerase chain reaction

The cDNA was used as a template for the c-KIT gR&say. The c-KIT primer pairs and
the appropriate human Universal ProbeLib?4tyPL) probe were selected from the extracellular
domain (exon 6, which does not represent a hotfspohutations) of the canine c-KIT mRNA
sequence published in the Ensembl Genome Brows&ECAFT00000003274) by using UPL
Assay Design Centre web service default paramel@escanine c-KIT transcript was amplified
with 5-CCTTGGAAGTAGTAGATAAAGGATTCA-3’ (forward pr'meli), 5'-
CCCAATTTGCAACCTTGAAC-3’ (reverse primer), and numit@) human UPL. Calibration
curves, using a 4-fold serial dilution of a cDNAghaevealed PCR efficiencies close to 2 and
error values < 0.2. The canine CGI-119 and GOLGAtexchosen as reference genes for the
absence of tissue- and pathological-dependentelifées in their MRNA expressiéhThe
amplification efficiency of target and referencenge was approximately equal. No statistically
significant differences in the reference genesesgion profile of healthy and pathological
samples were observed.

Quantitative PCR was performed using a commensgtimertt using standard PCR
conditions. A volume of 2.5 ul of 1:50 diluted cDNed the 1x hot start reaction nflix,
containing 100 nmol/l of the selected human UPLbpravere used. Data were analyzed and

quantified with the instrument softwdtdy using the second derivative maximum metffod.



For the relative quantification of c-KIT mRNA, thCt method was use€d.The
relative quantification values of tumors and SMsevexpressed as fold changes, which are
normalized to thACt mean value of control skin samples to whom @éitrary value of 1 was
assigned.
Amplification and sequencing of ¢c-KIT exons 8, 9,rad 11

Exons 8, 9, and 11 were chosen to disclose c-Klfatians, as they represent the most
common and frequent sites of c-KIT mutationgwo microliters of 50-fold diluted cDNA were
used as a template for the PCR amplification. Rerstwvere carried out in a thermocytley
using 16.5 pmol of each primet,5 U of DNA polymerastand 20QuM deoxyribonucleotide
triphosphate mi 1.5 mM MgC}, and 1x reaction buffé(final concentrations). Primers pairs
used are reported in Table 1. Oligonucleotidegkans 8 and 9 were designed ex novo using
Primer3 software (http://primer3.sourceforge.nath)jle for exon 11, published primers were
used*? The following PCR conditions were used: an actirastep at 95°C for 2 min, 35 cycles
of 30 sec at 95°C, 45 sec at 55°C or 65°C (for X9, and 11, respectively), 45 sec at 72°C,
and a final extension step of 5 min at 72°C. Ampi& were visualized in a 2% agarbgel
electrophoresis. When 2 bands, different in lerftapproximately 50 bp, were obtained for the
presence of internal tandem duplication or deleti@mds were first individually excised and
then purified using a commercial Ritf only 1 band was obtained, the PCR product waifipd
according to the manufacturer’s protocol. All theified templates were directly sequenced on
an automated sequenéday using a commercial cycle sequencing &écording to the
manufacturer’s instructions. Unincorporated terrorawere removed by isopropyl alcohol
precipitation. Samples were sequenced starting both forward and reverse primers used for

the PCR amplification. Sequences were finally comgdy using the software ChromasPro'1.5.



Statistical analysis

To evaluate the distribution of the KIT stainingtpen compared to the histological
grading and outcome data, the Fisher exact testuses The prognostic significance of the KIT
staining pattern was quantified by means of negaiivd positive predictive values, considering
the prognosis as the gold standard.

To evaluate the distribution of the ¢c-KIT gene egsion based on the 2 histological
grading systems and the prognosis, and to compamRNA expression in MCTs and control
skin samples and SMs, respectively, the Mann—-\WHitest was used. Given the low size of the
G3 MCTs (1 = 3), the analysis was performed considering GsugeG2, and G1 versus G2 and
G3. The comparison of c-KIT mRNA expression in MG&l SMs was performed using the
Wilcoxon signed-ranks test. The survival time wasgestigated by means of Kaplan—Meier
survival analysis, stratified by KIT patterns, ahd log rank test was used to compare the
survival among groups. For all analyses, the so&8v@TATA v. 9.2' was used, and a valuePf
< 0.05 was considered as statistically significant.

Results
Clinical and pathological features of tumor patiens

Overall 60 MCTs were collected from 59 dogs. Bothlen(22) and female (34) dogs
were included in the study. The sex was not aviglédy 3 cases. The mean age at surgery was 8
years (range: 3—13 years). The following breedswepresented: crossbred (17), Boxer (10),
Labrador Retriever (10), English Setter (3), Gol&astriever (3), Dachshund (2), Cocker Spaniel
(2), Dogo Argentino (2), American Staffordshire fier (1), Boston Terrier (1), Bouvier des
Flandres (1), Bulldog (1), Cane Corso (1), Dalmat®d), pit bull (1), and Shi Tzu (1). For 2

dogs, the breed was unknown.
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According to the Patnaik classification, 32 G1,&5 and 3 G3 MCTs were diagnosed.
The distribution of the cases according to theeRHistologic grading system consisted of 53
low-grade (32 G1, 21 G2) and 7 high-grade (4 G@33 MCTSs.

Fifty-one out of the 59 dogs that underwent a nfedow-up period of 18 months
(range: 3—36 months) were considered for prognestiduations. Thirty-eight patients were still
alive at the end of the study period (follow-upgan12—-36 months); 3 of the dogs showed
development of an additional MCT at a site disteoh that in which the original mass was
observed, and were still alive at the end of thewtEight dogs showed clinical signs of MCT
recurrence at the initial tumor site and died oreneuthanized for progressive MCT disease. The
mean survival time was 8.5 months (range: 3—13 h®)nFive patients died for other diseases,
not correlated with MCT.

KIT immunohistochemistry

Fifteen MCTs showed a predominant KIT stainingeratt (25%; Fig. 1A), 39 MCTs a
staining pattern 1l (65%; Fig. 1B), and 6 a diffics@oplasmic pattern Il (10%; Fig. 1C). The
distribution of the staining pattern in G1, G2, &8 or low- and high-grade MCTs is reported
in Table 2. A significant association between th& &taining pattern and the Patnaik grading
system was observeR € 0.013). Particularly, staining pattern Il wasosgly associated with
the G2 and G3 MCTs, while both patterns | and ltenmainly associated with G1 and G2
MCTs. Considering the 2-tier histological gradiagsignificant association was observed
between grading and KIT staining patten<(0.001): the high-grade was mainly associated
with pattern Il (71%) while the low-grade was asiated with patterns Il (70%) and | (28%).

A weak association between the KIT staining patsera the local recurrence or survival

time was also observe® € 0.06). It is noteworthy that 7 out of 8 dead slagere affected by
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MCT with patterns I1§ = 4) and Il o = 3), while 82% of dogs with a KIT staining pattdt or

Il were still alive 12 months after surgery. Thusthe current survey, the cytoplasmic
localization of KIT (patterns Il and 11l) was notg@od predictor of a worse prognosis (Positive
Predictive Value [PPV] = 17.5%, 95% Confidence iingé [Cl]: 7.34-32.8%), while the
perimembranous localization of KIT was indicatifeaaqyood prognosis (Negative Predictive
Value [NPV] = 92.3%, 95% Cl: 64—99.8%).

The survival probabilities at 12 months were 0192 (L3, 95% CI: 0.56-0.98), 0.94 £
34, 95% CI: 0.77-0.98), and 0.1 6, 95% CI: 0.11-0.80) for patterns I, Il, and Il
respectively. Considering the entire outcome petiloel 3 groups showed different survival
curves P = 0.0054; Fig. 2).
c-KIT messenger RNA expression

The c-KIT mRNA expression was measured, througR@R) approach, in control skin
tissue, in 30 SM biopsies and 59 MCTs. The trapsevas amplifiable and quantifiable in all the
samples examined.

A statistically significant increase in the c-KI€me expression was observed between
the MCTs and the control skin samples: the med&ne/was equal to 71.98- and 0.86-fold
changes (arbitrary units), respective®y< 0.001; Fig. 3). Similar results were obtained
comparing the MCTs and SN & 0.001; Fig. 4A). In contrast, the c-KIT gene esgwmion in SM
(median value of 1.23-fold changes) and contrah sisisue was almost equal (Fig. 4B).

Taking into account the 2 histological grading eys$, median values of c-KIT gene
expression were 52.69-, 90.79-, and 124.14-foltdrighan control skin tissue in G1, G2, and
G3 MCTs, respectively; in contrast, 71.81- and 124old values were noticed in low- and

high-grade MCTs. Despite the increase of mMRNA keashong histological subgroups, a
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significant association between c-KIT gene expoesand the MCT histological grade was
never observed.

Furthermore, in terms of health status, alive asadddogs showed a mean value of c-
KIT mRNA amount of 71.64- and 122.24-fold versustecol tissue, respectively. No significant
relationship between c-KIT gene expression andadiseecurrence as well as overall survival
time was observed.
c-KIT mutations

The presence of alterations in the c-KIT cDNA sexwpgewas investigated in 59 tumor
biopsies. A portion of the c-KIT extracellular ligd:binding domain (exons 8 and 9) as well as
of the juxtamembrane domain (exon 11) was amplifigee agarose gel electrophoresis
separation of PCR products showed that 3 out afiBfdrs contained a larger band in addition to
the expected one. An extra band, below the expextedwas also noticed in an additional
sample. These findings were respectively suggesfipessible duplications and 1 deletion. In
Figure 5, an agarose gel with a duplication in ekbns shown. The aforementioned bands were
individually excised, purified, and sequenced; game approach was applied to all of the PCR
products of exons 8, 9, and 11, to screen the patgmesence of mutations too small to be seen
as separate bands. As a result, 1 additional rontatas found.

As a whole, mutations in the c-KIT cDNA were obsshm 5 tumors (8.5%); in
particular, 1 in exons 8 and 9 and 4 in exon 144F6, 7). Two mutations were identified in
patients with G1 MCTs (2/31, 6.5%), 2 in patienitffering from a G2 MCT (2/25, 8.0%), and 1
in a G3 MCT (1/3, 33.3%). Considering the altenvmtiistological classification, 4 and 1
mutations were recorded in low- and high-grade MG@&spectively. In exons 8 and 9 (see

nucleotide and protein sequences in Fig. 6), adBHernal tandem duplication (ITD), resulting
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in the insertion of the amino acid sequence QILfhatresidue 421 (ITB"*?) was observed, as
previously describetf

In the c-KIT juxtamembrane domain, 2 duplicatiomgrame of 45 bp (corresponding to
15 amino acids) and 1 of 36 bp (corresponding tarhho acids), located near the 3’ end of
exon 11, were noticed (see nucleotide and proeginences in Fig. 7). In detail, an ITD causing
a tandem repeat within the protein sequence afluesi Prg;s-Asnsgo, corresponding to the Dup2
previously describet? was observed; furthermore, an ITD of residuesdghess and an ITD
of residues Thy~Prosgs were herein identified. Finally, a deletion enc@sging 27 bp at the 5’
end of exon 11, with a consequent 9 amino acidstidel (LysssLysses1), was also detected. This
latter mutation confirmed what has been previohsiyothesized?

Five patients displayed c-KIT mutations, but reenoe and death were observed in only
1 case corresponding to a G3 or a high-grade M&Blized at the scrotum and characterized by
a pattern Il of c-KIT protein localization. Thehatr 4 MCTs with c-KIT sequence alterations
were characterized by c-KIT staining pattern II.

Discussion

The goal of the current study was to evaluate patectKIT gene amplification and/or
overexpression in canine MCTs and investigateeitstionship with the histological grade, c-
KIT protein receptor localization, alterations hetc-KIT cDNA sequence, and clinical outcome
data. Several attempts have been made to devedpatlve methods to clarify the biological
behavior of MCTS! A gPCR approach is considered a reliable, higahsiive, rapid, and
economic tool to obtain quantitative data. Its ubefss has been evaluated in this respect.

To date, few reports have been published that B&Rqto quantitate c-KIT mRNA in

canine tumor$®** In a previous study, c-KIT mRNA was measured i ttlood of MCT-
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affected dog&® The studs? detected c-KIT mRNA expression in tumor biopsiesvall as in

most blood specimens, although at lower levels. &heunt of mMRNA was highest in blood at
the time of surgery, decreased progressively betvwesnd 3 months after surgery, and remained
persistently low. No correlations were found betweeIT gene expression in blood and tumor
grading, degree of neoplasm differentiation, amickl prognosis® In the present study, c-KIT
gene expression was measured in MCT biopsies fefréift histological grades and compared
with the level of expression detected in SM andi@skin biopsies. A significant increase in c-
KIT gene expression was present in MCTs if comparigld both SM and control skin samples.
This result would be consistent with the ligandepdndent mechanism of MC proliferation,
such as c-KIT gene amplification and/or overexpoes®& However, evaluation of mMRNA data
versus health status in the present study laclkedtstally significant differences between dead
and living dogs. Therefore, c-KIT gene expressimhrnibt seem to be predictive of biological
behavior and only indicated proliferation of MCs.

At present, histological grading is often usedredtct the prognosis of canine MCT, but
the ambiguity of intermediate-grade tumors anddibgnostic expertise of pathologists have led
to questions concerning the relevance of the ctuhisiological grading systefi>**Thus, new
proposals for more accurate prediction of the lgilal behavior of canine cutaneous and
subcutaneous MCTs have been formuldt&dh the present study, the Patnaik and 2-tier
histological systems were used to classify MCT saard both systems were compared with
post-surgical clinical prognosis. Both histologickdssifications were associated with clinical
prognosis and KIT immunohistochemical stainingegratias previously reportéd®2”3149n
contrast, no statistically significant differendée<-KIT gene expression were observed among

G1, G2, and G3 or low- and high-grade MCTs. Thiusigis not possible to establish grade-
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specific cut-off points or to assign thresholdsmofimum and maximum c-KIT mRNA amounts
for each tumor grade. This problem might be thalted high variability in c-KIT mRNA
expression observed in groups G2, G3, and higheg@ado the small number of neoplasms
analyzed (especially G3 and high-grade MCTSs). Tioeeg evaluation of more neoplasms might
be helpful to determine if c-KIT gene overexpreasiould be a key factor in neoplastic
progression, as previously hypothesiZed.

The immunohistochemical staining of KIT receptastpin is still considered one of the
most useful prognostic parameters in canine MCliexiBus studie’s'®?>3#3%4%ften showed a
strong correlation between altered (cytoplasmicl) Bxpression and increased cellular
proliferation, higher histological grade, presente-KIT mutations, increased local tumor
recurrence, and/or decreased clinical survivalhécurrent survey, the KIT staining pattern was
associated with histological differentiation butsaanly weakly associated with the post-surgical
prognosis. The KIT staining pattern | was strorgggociated with a good prognosis. Dogs with
MCTs characterized by KIT patterns | and Il hadiginsurvival curves, while dogs with pattern
Il had a lower survival time, even if the Cl wagde. Thus, altered cytoplasmic localization of
the KIT protein did not seem to be predictive ef@se prognosis; however, this observation
might be influenced by the small number of dogs tled in the present survey. These findings
are in contrast with previous studies that higtkghthe prognostic value of cytoplasmic KIT
staining in association with an increased rateiofdr recurrence and decreased survival fime.
Furthermore, results of the present study indittzeKIT staining pattern is not related to an
overexpression of c-KIT mRNA. In a previous studg,correlation between KIT protein
expression and KIT protein localization was obseérivea tissue microarray using an

immunofluorescence approathraken together, these data suggest that thedéeeKIT
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MRNA expression is probably independent of prolesalization, tumor differentiation, and
tumor progression. Further studies will be requiednderstand the molecular mechanisms
underlying KIT pathways.

Alterations in the extracellular and juxtamembrdoenains of c-KIT, which represent
well-known hot spots for c-KIT mutations, were atsmsidered in the current study. The
analysis was performed on the cDNA sequence tdigilgHTD, deletions, or mutations causing
functional alterations. Mutations of the c-KIT sequae are usually found in 9-15% of
MCTs®“?and in the present study, the mutations accoute8l3%. One alteration in exons 8
and 9 and 4 alterations in exon 11 were observathrdy them, 2 ITDs and 1 deletion have been
previously describetf**while the ITD of residues PsgrPhegs and The;~Prosgg are novel
findings. Previously, the presence of mutationsengssociated with the tumor grafé;*®?
aberrant KIT protein localization, increased incide of tumor recurrence, and MCT-related
death® No clear relationships between the presence dffcafUtations and the above-
mentioned variables were obtained in the presedtysin fact, mutations were found in two G1,
two G2, and one G3 MCTSs, or in 4 low-grade andghgrade MCT. Only 1 tumor revealed
pattern Il of KIT protein localization, while ahe other tumors showed pattern Il localization.
In this respect, it has been previously shown dnedberrant pattern of distribution of KIT
protein may be present even without concurrent E4utations®, consequently, the previous
study hypothesized that ITD or deletions and chamg&IT localization might represent
separate events, occurring independently in thgrpesion of MCTSs. In the present work, only 1
patient with c-KIT mutation died because of the tunin contrast, 7 patients characterized by a
wild-type c-KIT sequence died of MCT or were eutlzad due to poor prognosis. Altogether,

the results confirm that c-KIT mutation-negative WECcould proliferate and behave in a
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malignant manne? Alternatively, the presence of c-KIT mutations kebaid the veterinary
oncologist to choose an appropriate chemotherapegimen. Furthermore, the use of tyrosine
kinase inhibitors may be considered because thegraptly are effective against c-KIT
mutation-positive MCT$?

Several studies have described a close relatiotgtipeen SM and prognosis or
recurrence of G1 and G2 MC75In general, it is believed that tumor excisiomgsa 2-cm
lateral and a deep margin of one fascial plan@adeguate to completely excise G1 and G2
MCTs in dogs** However, many veterinary oncologists ask for mareurate prognostic
factors in cases of incomplete surgical excisiarthe present study, the classical histological
evaluation of MCT SM and c-KIT gene expression jigokere measured concurrently and
might be of prognostic usefulness.

In conclusion, the findings of the present studygast that c-KIT mRNA is
overexpressed in canine MCTs although the levetgeot expression, protein localization, and
c-KIT mutations are probably 3 independent evdfisthermore, c-KIT mMRNA overexpression
may to play a role in MC malignant transformatiomd goroliferation, but apparently does not
indicate the biological behavior of MCTSs. In comstréhistological grading and KIT staining
patterns confirm their prognostic value, particlyléine association of membrane-associated
protein localization and the presence of a googmosis for intermediate grade MCTs.

Acknowledgements

The authors would like to thank Prof. Ilaria lactipand Drs. Helen Poser, Barbara
Carobbi, and Patrizia Cristofori for their contrilmn in providing part of tumor and control
samples included in the present investigation. &fatiis work has been presented at the

ESVONC Annual Congress 2010 (Turin, Italy, March-29).

18



Sources and manufacturers
a. RNAlater®, High Capacity cDNA Reverse Transcoiptkit, ABI Prism® 3100 genetic
analyzer, BigDye® Terminator v3.1 Cycle Sequend{itgApplied Biosystems, Foster City,
CA.
b. Bond™-maX, A. Menarini Diagnostics S.r.l., Floce, Italy.
c. Dako North America Inc., Carpinteria, CA.
d. Invitrogen Corp., Carlsbad, CA.
e. Thermo Fisher Scientific Inc., Waltham, MA.
f. NanoDrop ND-1000, NanoDrop Technologies, Wilmorg Germany.
g. Sigma-Aldrich Chemie GmBH, Munich, Germany.
h. Universal ProbeLibrary, LightCycler 480 InstrumhelLightCycler480 software release 1.5.2,
High Pure PCR Cleanup Micro Kit; Roche Applied $ce, Indianapolis, IN.
i. Eurofins MWG Operon, Ebersberg, Germany.
J. TPersonal thermocycler, Biometra GmbH, Goettmgaermany.
k. GoTag® Flexi DNA polymerase, Colorless GoTag®xrbuffer; Promega Corp., Madison,
WI.
[. Technelysium Pty Ltd., Brisbane, Queensland,tralis.
m. StataCorp LP, College Station, TX.
Declaration of conflicting interests
The author(s) declared no potential conflicts ¢éiast with respect to the research,
authorship, and/or publication of this article.

Funding

19



This work was supported by grants from Istituto @iadilattico Sperimentale delle

Venezie (RC IZSVE 09/06) to Marta Vascellari, ArBeanato, and Mauro Dacasto.

References

1. Boissan M, Feger F, Guillosson JJ, Arock M: 208Rit and c-kit mutations in mastocytosis
and other hematological diseases. J Leukoc Bidl3o#~148.

2. Downing S, Chien MB, Kass PH, et al.: 2002, Blence and importance of internal tandem
duplications in exons 11 and 12 of c-kit in magdtenors of dogs. Am J Vet Res
63:1718-1723.

3. Fulcher RP, Ludwig LL, Bergman PJ, et al.: 20b@aluation of a two-centimeter lateral
surgical margin for excision of grade | and gradeutaneous mast cell tumors in dogs. J
Am Vet Med Assoc 228:210-215.

4. Gil da Costa RM, Matos E, Rema A, et al.: 2@0D117 immunoexpression in canine mast
cell tumours: correlations with pathological vategand proliferation markers. BMC
Vet Res 3:19.

5. Goldschmidt MH, Hendrick MJ: 2002, Tumours of 8kin and soft tissuel): Tumors in
domestic animals, ed. Meuten DJ, 4th ed., pp. 10Bb-Ibwa State University, Ames, IA.

6. Hendrick MJ, Mahaffey EA, Moore FM, et al.: 19®8stological classification of
mesenchimal tumours of the skin and soft tissuemofestic animaln: WHO
classification of tumours of domestic animals, 2-29. Armed Forces Institute of
Pathology, Washington, DC.

7. Horny HP, Sotlar K, Valent P: 2007, Mastocytostate of the art. Pathobiology 74:121-132.

20



8. Jones CL, Grahn RA, Chien MB, et al.: 2004, beda of c-kit mutations in canine mast cell

tumors using fluorescent polyacrylamide gel elggtiaresis. J Vet Diagn Invest 16:95—

100.

9. Kiupel M, Webster JD, Bailey KL, et al.: 201¥pPosal of a 2-tier histologic grading system

10.

11.

12.

13.

14.

15.

16.

for canine cutaneous mast cell tumors to more atelyrpredict biological behavior. Vet
Pathol 48:147-155.

Kiupel M, Webster JD, Kaneene JB, et al.: 200 use of KIT and tryptase expression
patterns as prognostic tools for canine cutaneast oell tumors. Vet Pathol 41:371—
377.

Kiupel M, Webster JD, Miller RA, Kaneene JBOZ0Impact of tumour depth, tumour
location and multiple synchronous masses on thgnasis of canine cutaneous mast cell
tumours. J Vet Med A Physiol Pathol Clin Med 52:2886.

Krick EL, Billings AP, Shofer FS, et al.: 200@ytological lymph node evaluation in dogs
with mast cell tumours: association with grade smdival. Vet Comp Oncol 7:130-138.

Kubo K, Matsuyama S, Katayama K, et al.: 1998guent expression of the c-kit proto-
oncogene in canine malignant mammary tumor. J Viad Bici 60:1335-1340.

Lee S, Jo M, Lee J, et al.: 2007, Identifiaatdd novel universal housekeeping genes by
statistical analysis of microarray data. J Biochdoi Biol 40:226-231.

Letard S, Yang Y, Hanssens K, et al.: 2008n@é&ifunction mutations in the extracellular
domain of KIT are common in canine mast cell tumbdtsl Cancer Res 6:1137-1145.

Linnekin D: 1999, Early signaling pathways aated by c-Kit in hematopoietic cells. Int J

Biochem Cell Biol 31:1053-1074.

21



17.

18.

19.

20.

21.

22.

23.

24.

25.

Livak KJ, Schimittgen TD: 2001, Analysis ofatVe gene expression data using real-time
quantitative PCR and thé*%*' method. Methods 25:402-408.

London CA: 2009, Tyrosine kinase inhibitorv@terinary medicine. Top Companion Anim
Med 24:106-112.

London CA, Galli SJ, Yuuki T, et al.: 1999, &mmeous canine mast cell tumors express
tandem duplications in the proto-oncogene c-kip Bematol 27:689-697.

London CA, Kisseberth WC, Galli SJ, et al.: 898xpression of stem cell factor receptor (c-
kit) by the malignant mast cells from spontanearsree mast cell tumours. J Comp
Pathol 115:399-414.

London CA, Seguin B: 2003, Mast cell tumorghia dog. Vet Clin North Am Small Anim
Pract 33:473—-489.

Morini M, Bettini G, Preziosi R, Mandrioli L:®4, C-kit gene product (CD117)
immunoreactivity in canine and feline paraffin segs. J Histochem Cytochem 52:705—
708.

Ohmori K, Kawarai S, Yasuda N, et al.: 200@&ntafication of c-kit mutations-independent
neoplastic cell proliferation of canine mast cellst Immunol Immunopathol 126:43-53.

Ozaki K, Yamagami T, Nomura K, Narama I: 20Bihgnostic significance of surgical
margins, Ki-67 and ciclin D1 protein expressiorgrade 1l canine cutaneous mast cell
tumor. J Vet Med Sci 69:1117-1121.

Passantino L, Passantino G, Cianciotta A,.eR@08, Expression of proto-oncogene C-kit
and correlation with morphological evaluations amine cutaneous mast cell tumors.

Immunopharmacol Immunotoxicol 30:609-621.

22



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Patnaik AK, Ehler WJ, MacEwen EG: 1984, Camim&aneous mast cell tumor: morphologic
grading and survival time in 83 dogs. Vet PathohB9-474.

Preziosi R, Sarli G, Paltrinieri M: 2004, Progtic value of intratumoral vessel density in
cutaneous mast cell tumors of the dog. J Comp Pa8@0143-151.

Rasmussen R: 2001, Quantification on the Ligbl€s. In: Rapid cycle real-time PCR:
methods and applications, ed. Meuer SC, Wittwal&kagawara K, pp. 21-34.
Springer, Heidelberg, Germany.

Riva F, Brizzola S, Stefanello D, et al.: 2085tudy of mutations in the c-kit gene of 32
dogs with mastocytoma. J Vet Diagn Invest 17:388--38

Romansik EM, Reilly CM, Kass PH, et al.: 200f{itotic index is predictive for survival for
canine cutaneous mast cell tumors. Vet Pathol £4:381.

Scase TJ, Edwards D, Miller J, et al.: 2006)i@amast cell tumors: correlation of apoptosis
and proliferation markers with prognosis. J VeetntMed 20:151-158.

Simoes JP, Schoning P, Butine M: 1994, Prografstanine mast cell tumors: a comparison
of three methods. Vet Pathol 31:637—-647.

Simpson AM, Ludwig LL, Newman SJ, et al.: 20B4%aluation of surgical margins required
for complete excision of cutaneous mast cell tunmodogs. J Am Vet Med Assoc
224:236-240.

Thamm DH, Vail DM: 2007, Mast cell tumots: Withrow and MacEwen’s small animal
clinical oncology, 4th ed., pp. 402-424. WB Sausdehiladelphia, PA.

Thompson JJ, Pearl DL, Yager JA, et al.: 2@Hhine subcutaneous mast cell tumor:

characterization and prognostic indices. Vet PadiBol 56—168.

23



36.

37.

38.

39.

40.

41.

42.

43.

Turin L, Acocella F, Stefanello D, et al.: 20@xpression of c-kit proto-oncogene in canine
mastocytoma: a kinetic study using real-time polsase chain reaction. J Vet Diagn
Invest 18:343—-349.

Webster JD, Kiupel M, Yuzbasiyan-Gurkan V: 20B&aluation of the kinase domain of c-
KIT in canine cutaneous mast cell tumors. BMC Caf6cg5.

Webster JD, Yuzbasiyan-Gurkan V, Kaneene JBI,:€2006, The role of c-KIT in
tumorigenesis: evaluation in canine cutaneous oestumors. Neoplasia 8:104-111.

Webster JD, Yuzbasiyan-Gurkan V, Miller RAakt 2007, Cellular proliferation in canine
cutaneous mast cell tumors: associations with c-4d its role in prognostication. Vet
Pathol 44:298-308.

Webster JD, Yuzbasiyan-Gurkan V, Thamm DH).eRQ08, Evaluation of prognostic
markers for canine mast cell tumors treated witiblstine and prednisone. BMC Vet
Res 4:32.

Welle MM, Bley CR, Howard J, Rufenacht S: 2008@nine mast cell tumours: a review of
the pathogenesis, clinical features, pathologytesatment. Vet Dermatol 19:321-339.
Zemke D, Yamini B, Yuzbasiyan-Gurkan V: 2002)titions in the juxtamembrane domain
of c-KIT are associated with higher grade masttceiors in dogs. Vet Pathol 39:529—

535.
Zwick E, Bange J, Ullrich A: 2002, Receptoragine kinases as targets for anticancer drugs.

Trends Mol Med 8:17-23.

24



Table 1.Primers for polymerase chain reaction amplifioamd sequencing of c-KIT exons 8,

9, and 11.
Expected
Exons amplicon
targeted Primer* Primer sequence (5'-3’) size (bp)
8 and 9 Exons_8-9 H TAAAAGGGAACGAAGGAGGC 423
Exons_8-9 R| TCAGCAAAGGTGTGAACAGG
11 Exon_11 F CAAATCCATCCCCACACCCTGTTCA 267
Exon_11 R | CACTTTCCCGAAGGCACCAGCACCCA

* F = forward primer; R = reverse primer.
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Table 2. Evaluation of c-KIT pattern versus the Patnaik artcer histologic grading

classifications of mast cell tumors (MCTSs).

No. of MCTs

c-KIT pattern G1 G2 G3 | Pvalue
Pattern | 9 6 0

Pattern Il 22 16 1 0.013
Pattern Il 0 4 2

Low grade | High grade

Pattern | 15 0

Pattern Il 37 2 <0.001
Pattern Il 1 5
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Table 3.c-KIT messenger RNA (mRNA) expression in mast tethors (MCTSs) following the

two criteria of histologic grading classification.*

c-KIT mRNA expression in MCT samples
G1 G2 P value
90.29 + 15.67 131.95 + 22.90 0.1233
G1 G2 and G3
90.29 + 15.67 131.07 £ 21.25 0.1215
Low grade High grade
104.67 £ 12.38 146.57 £ 65.43 1.000

Data are expressed as the mean + standard emwgagurement.
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Figure legends

Figure 1. Immunohistochemical staining of c-KIT in mast delnors. Three representative
images of c-KIT pattern protein localization. Kl@ceptor polyclonalA, pattern | with
predominant perimembrane c-KIT localization. B&kG9 um;B, pattern Il characterized by a
focal to stippled cytoplasmic c-KIT protein location. Bar = 25 um¢, pattern 11l with a
diffuse cytoplasmic KIT protein localization. Bar5 pum.

Figure 2. Survival curve of dogs with different c-KIT stamg patterns. Kaplan—Meier survival
plot stratified by different c-KIT staining pattexn

Figure 3. c-KIT messenger RNA (mMRNA) expression in skin cangal with mast cell tumors.
Level of c-KIT mRNA expression in control skin tiss(CTRL) and in tumor samples (MCT).
Data of relative quantification (RQ), obtained Iymg theAACt method, were transformed in
fold changes (means + standard error of measuresh@nbitrary units), which is normalized to
the mean RQ of control group (skin of healthy do&satistical analysis: Mann—Whitney test.
*** P <(0.001.

Figure 4. c-KIT messenger RNA (mMRNA) expression in surgioalrgins compared with mast
cell tumors (MCTs) and skin. Level of c-KIT mRNAm@ession in surgical margins (SA)
compared to MCTsA) and control skin tissue (CTRB). Data of relative quantification (RQ),
obtained by using th&ACt method, were transformed in fold changes (meastandard error of
measurement of arbitrary units), which is normalizethe mean RQ of control group (skin of
healthy dogs). Statistical analysis: Mann—Whitrest.t*** P < 0.001 (A); Wilcoxon signed-
ranks test (B).

Figure 5. Agarose gel electrophoresis of c-KIT exon 11 payase chain reaction (PCR)

products. Representative 2% agarose gel showingg?@Ricts obtained by the amplification of
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c-KIT complementary DNA (exon 11) in different masil tumors. Lanes 1, 2, and 4 contain
the wild-type sequence. In lane 3, the lower basrdesponds to the wild-type sequence, and the
upper one to a duplication. Lane M contains a 10@NA ladder.

Figure 6. c-KIT mutations of exons 8 and 9 evidenced ingdtesent study: nucleotide and
protein alignment of wild-type and mutated sequenbkicleotide and amino acid alignment of
c-KIT (exons 8 and 9) in the wild-type and mutaf&dl12 mast cell tumor) sequences. In T112,
the insertion of the amino acid sequence QILT iore& at residue 421 (IT® %) was noted.
Figure 7. c-KIT mutations of exons 11 evidenced in the pnestudy: nucleotide and protein
alignment of wild-type and mutated sequences. Nuicle and amino acid alignment of c-KIT
(exon 11) in the wild-type and mutated (T53, T900®&, and T132 mast cell tumors) sequences.
An internal tandem duplication (ITD) of residues65394, 576-590 (ITD2}: and 577-588 in
T53, T106, and T132 were observed, respectivelurher deletion of 9 amino acid residues,

comprised between 553 and 561, was identified it T9
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Figure 1
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Kaplan-Meier survivor function stratified by c-KIT pattern
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Figure 4
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Figure 5
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