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Summary

Degradation of the extracellular matrix and angnegs are associated with tumour invasion and
metastasis in human and canine neoplasia. Matrialloproteinases (MMPSs), tissue inhibitors
of metalloproteinases (TIMPs) and vascular endathglowth factor-A (VEGF-A) are key
mediators of these respective processes. Masuoatiur (MCT) is the most common malignant
cutaneous tumour in dogs. MCTs are always congd-potentially malignant, but their true
metastatic potential is unknown. In the preserttystsamples from seven grade 1, 22 grade 2 and
six grade 3 MCTs were subjected to quantitativé-treee polymerase chain reaction and
immunohistochemistry (IHC) to evaluate MMP-2, MMP-membrane-type 1 MMP
(MT1-MMP), TIMP-2 and VEGF-A mRNA and protein expston. Gelatin zymography (GZ2)
was also performed to evaluate MMP-2 and MMP-9viagtiMMP-9 and VEGF-A mRNA
increased with histological grade, while TIMP-2 @ssed with increasing grade. Gene
expression data obtained for MMP-9, VEGF-A and TiRIRvere confirm ed by IHC for
evaluation of the respective proteins. In contrtd¥JP-2 and MT1-MMP had variable, but
similar, expression for both mRNA and protein. Diesthe high variability observed, there was
correlation between MMP-2 and MT1-MMP mRNA expresdir= +0.91,P< 0.0001). The
MMP-2:TIMP-2 and MMP-9:TIMP-1 mRNA ratios showed gnbalance between MMPs and
their specific inhibitors in MCTs, which increasedth the histological grade. Finally, the
activities of both latent and active forms of MMRuy2d MMP-9 were evaluated by GZ and there

were significant increases in their activities wilhcreasing histological grade and



immunohistochemical expression. This study dematestrthat MMP-9, TIMP-2 and VEGF-A
expression is related to histological grade andjsstg that these markers are possible indicators

of malignancy and targets for therapeutic strategie

Introduction

The degradation of the extracellular matrix (ECM{l &ascular angiogenesis are key factors for the
growth and progression of tumours (Liodaal., 1991; Kimet al., 1993; MacDougall and
Matrisian, 1995; Stetler-Stevenson, 1996; Kastail.,2006; Nakaichet al.,2007).The invasion of

a tumour relies on extracellular proteolysis, whihargely mediated by matrix metalloproteinases
(MMPs) produced by neoplastic cells. MMPs are ailfawf zinc-containing, calcium-dependent
endopeptidases secreted by various cell typesmapliicated in a wide range of physiological events
(e.g. trophoblast inva-sion, development, endom@etemodelling, ovula-tion, angiogenesis, wound
healing, bone resorption and cell migration) ad a&lin pathological processes (Loukopowdbsl.,
2003; Nagekt al.,2004). In veterinary medicine, the role of MMPs Ihaeen evaluated in canine
meningitis-arteritis (Schwartet al., 2010), chronic valvular disease (Auppedeal., 2009),
arthritis (Muir et al.,2007) and tumours (Loukopoul@s al.,2003; Takagiet al., 2005) including
oronasal tumours (Nakaicki al.,2007), mammary tumours (Hirayaretal.,2002; Papparellat

al., 2002; Kawaiet al.,2006; Arestet al.,2011) and mast cell tumours (MCTs; Leibneral.,
2000). In these tumours, invasion and metastasie eeen associated with MMP-mediated
breakdown of the ECM.

Within the MMP family, the group of gelatinases tgpe-IV collagenases, including MMP-2
(gelatinase-A), MMP-9 (gelatinase-B) and membrampetl MMP (MT1-MMP), are studied most
often. Like all MMPs, MMP-2 and MMP-9 are produ@izymo-gens, which are activated by protein
cleavage to be-come proteolytic enzymes (Loukopoetoal., 2003). MT1-MMP was the first
MT-MMP identified, as a major physiological actiwatof pro-MMP-2 (Sateet al.,1994). MMP
proteolytic activity is controlled at both the mRNa&nd protein levels by specific en-dogenous
inhibitors, the tissue inhibitors of metallo-proiases (TIMPS) (Gomeet al., 1997). TIMP-2 is the
specific inhibitor of MMP-2, but there is evidertbat the process of pro-MMP-2 activation requiles t
formation of a ternary complex consisting of thee@ninal domain of pro-MMP-2, TIMP-2 and
MT1-MMP (Papparellaet al., 2002). The balance between MMPs and TIMPs appearbet
important for ECM regulation and homeostasis (Aulgpet al. 2009).

The infiltrative growth of tumours also dependsamgiogenesis. Tumours may produce blood vessel
growth-stimulating factors such as vascular endiathgrowth factor (VEGF, also called VEGF-A),
which acts as a potential autocrine growth factor rieoplas-tic cells. VEGF is a homodimeric

heparin-binding protein with several different mohs generated by alternative splicing (Ladonstry



al., 2007). In physiological conditions, VEGF is es&@rior the formation of blood vessels in embryos,
induces vascular perme-ability and stimulates drediail cell proliferation (Wolfesberget al.,2007).

It also stimulates abnormal angiogenesis in saldaur growth and metastasis (Ribagtial., 1999;
Takanameet al.2000; Elpeket al.,2001; Ranieret al.,2002, 2003; lamarocet al.2003; Kondeet al.,
2006; Tunaet al., 2006). VEGF expression has been evaluated in cansm@mary carcinoma
(Restucciet al., 2002; Qiuet al., 2008), seminoma (Restucei al., 2003), intracranial meningi-oma
(Matiaseket al.,2009) and lymphoma (Gentiliet al.,2005; Wolfesbergest al., 2007, 2008). Crosstalk
between VEGF and MMPs has recently been descride@F signalling via VEGFR-2 induces
the expression of MMP-2, MMP-9 and MT1-MMP, whickgdade the matrix to allow for endothelial
sprouting (Funahaskt al.,2011).

MCTs are the most common cutaneous tumour of tlge(dbamm and Vail, 2007). MCTs are
always considered potentially malignant, but thieie met-astatic potential is not entirely known
(Welleet al.2008). Currently, the prognostic significance of MiS assigned through histological
grading, but numerous studies have shown signtficdifferences between well- and
poorly-differentiated MCTs in terms of survival & and disease-free intervals. In particular, the
prognosis for intermediate MCT (grade 2) is difficto predict: the tumour might be-have in a
benign fashion or recur and metastasize. Well-tifidated tumours have a metastatic rate of <10%,
intermediate tumours are considered low to modenateetastatic potential and undifferenti-ated
tumours have a much higher metastatic rate (55e3@&tle et al., 2008). Uncontrolled cellular
proliferation plays a significant role in the pregsion of canine MCTs (Sal&tial.,2002; Scaset al.,
2006; Websteet al.,2007; Gil da Costat al.,2007). Despite these issues, information about ECM
degradation and vascular angiogenesis in caninaneous MCT is sparse. MMPs have been
evaluated only at the catalytic activity level thgh gelatin zymography (GZ) in samples from
grade 2 and 3 tumours (Leibmanal.,2000) and VEGF has been detected at the proteah beyv
immunohistochemis-try (IHC) (Mederkt al.,2010) and by enzyme-linked immunosorbent assay
(ELISA) analysis (Patrunet al., 2009). Thus, in order to better under-stand the ail ECM
degradation and angiogenesis in canine MCTs ofmifft histological grades, the aim of the present
study was to evaluate the mRNA and protein exprassi MMP-2, MMP-9, MT1-MMP, TIMP-2
and VEGF-A in MCTs subdivided by histological grd@atnaiket al.,1984). The catalytic activities

of both latent and active forms of MMP-2 and MMRv8re also evaluated.

M aterials and M ethods

Case Selection and Tissue Sampling
Fresh tissue samples were obtained from 35 dogaigerwent surgery for MCT. The consent of

the owners to use the tissues for research purpae®btained. Only samples of suitable size and



quality were included in the study. After excismfrthe entire tu-mour, multiple samples (50e100 mg)
were collected from the central core of the masstdtal RNA iso-lation, aliquots were immersed in
RNAlater solution (Applied Biosystems, Foster CiBalifornia, USA) and stored at -20°G until
used. For GZ, aliquots were frozen at -20°G ursi#ldl The remaining tissue was formalin-fixed and

paraffin wax-embedded for microscopical examinatod IHC.

Gene Expression

Total RNA was isolated using TRIzol reagent (In-egen, Carlsbad, California, USA) according
to the manufacturer's instructions. The samplesewsrified with classical phenolechloroform
extraction. The total RNA concentration and qualitgre evaluated with a NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies, Wilmingfelaware, USA) and by denaturing gel
electrophoresis.

First-strand cDNA was synthesized from 2 mg ofltBi§lA in a final volume of 20 ml using the High
Capacity cDNA Reverse Transcription Kit (AppliedoBystems) according to the manufacturer's
protocol and stored at -20°G until used. The cDNa#swised as a template for the quantification of
MMP-2, MMP-9, MT1-MMP, TIMP-2 and VEGF-A by quardiive real-time reverse transcriptase
polymerase chain reaction (QPCR) in a Light Cyel80 Instrument (Roche Diagnostics, Basel,
Switzerland) using standard PCR conditions. CaniigGF-A (GenBank reference seguences:
NM_001003175.2, NM_001110502.1 and NM_00111050&d$ ampli-fied with 8CGT GCC CAC
TGA GGA GTT-3 (for-ward primer, 300 nM final concentration) afeGCC TTG ATG AGG TTT
GAT cC-3 (reverse primer, 300 nM) and human Universal Pridbery (UPL) probe number 9
(100 nM), while ca-nine MMP-2, MMP-9, MT1-MMP, TIMR and the reference genes
transmembrane Bcl-2-associated X protein inhibmamtif containing 4 (CGI-119) and golgin A1
(GOLGA-1) were amplified with the primer pairs adBL probes reported in Arestial.(2011). The
gPCR assay was performed as described by Agesl (2011). Calibration curves revealed PCR
efficiencies close to 2.0 and error values < 0&feRnce gene amplification revealed the absence of
significant differences in expression profile betwegroups. Crossing point (CP) values were obtained
using the Light Cycler 480 software release 1.R0che Diagnostics) and the second derivative
maximum method (Rasmussen, 2001). The normalizafigfCR target genes in each sample was
performed us ing firstly the arithmetic mean orehce gene gvalues (AGRampe = Gr agetgene— Mean @
ference gengs@nd secondly using the AGp of a calibrator safACr sampe= AGp sampe- AGp cdipdOr).
Finally, relative quantification values (RQ) weralculated using the following formula:
RQample = 24P sam0k(| jyak and Schmittgen, 2001).

Immunohistochemistry



Serial sections (4 mm) on charged slides were desveor IHC. Primary antibody incubation was
performed by an automated system (Ventana Medisde®s, Tucson, Arizona, USA). The details
of IHC for MMP-2, MMP-9, MT1-MMP and TIMP-2 have ba described previously (Arest

al., 2011). A polyclonal rabbit antiserum specific foE&F (Santa Cruz Biotechnology Inc.,
Santa Cruz, California, USA; diluted 1 in 200) walso used. Subsequent incubation with
biotinylated anti-mouse IgG secondary antibody,atigition of 3,3-diaminobenzidine substrate and
the haematoxylin counterstain were performed usilegautomated system. Negative control slides
were incubated with isotype-matched immunoglobulin.

Ten fields on each slide in which labelling was aept were evaluated at x400 magnification.
Labelling was considered negative or positive atiogrto whether there was cytoplasmic expression of
the target molecule. The intensity and the pergent labelled tumour cells were recorded. All
evaluations were performed in blinded fashion bngehndependent pathologists (LA, SB and AA)
.Discordant samples were re-evaluated by the inga&irs and a consensus evaluation was used
for definitive analysis. An intensity score of Osmgiven if no labelling was detected, 1 if thereswa
weak to moderate labelling, 2 if moderate to strtaigelling was present and 3 if strong labelling
was detected. A total score for each field examimasl obtained by multiplying the intensity score by
the percentage of labelled cells. A final ratio émé standard deviation) was obtained after avegagi
the 10 selected fields. An image analysis systandbnsisted of an Olympus BX51 microscope and

software analysis (analySIS, Soft im-aging systelmenster, Germany) was used.

Gelatin Zymography

The gelatinase activities of both latent (proenzymezymogens) and mature MMP-2 and MMP-9
were evaluated by GZ (Arestial.,2011). Culture medium conditioned by A2058 melanaris was
used as a control to identify the pro-MMP-9 gelalyic band, while conditioned media from
HT1080 fibrosarcoma cells was used for the actwe$ of MMP-2 and MMP-9 and small amounts
of pro-MMP-2 (Daviest al.,1993). The activities of MMP-9 and MMP-2 in 20 nflaonditioned
media from the two respective cell lines were dadims 100 arbitrary units (AU). The bands were
guantified using an image analysis system thatistedsof a Gel-Doc 2000 and Quantity One software
(Bio-Rad, Hercules, California, USA).

Statistical Analysis

Statistical analysis of the gene expression andd@Z was performed using the non-parametric
KruskaleWallis test followed by Dunn's post teste Torrelation between target gene mRNA data and
between mMRNA and protein activity results was perél using a Spearman non-parametric test. For
all of these analyses, GraphPad InStat 2.01 sadt¢&an Diego, California, USA) was used arfél a



value < 0.05 was considered significant.
To compare the IHC scores, differences in percges-avere calculated with the Chi-square test. The
SPSS 17.00 (SPSS Inc., Chicago, lllinois, USA)graosmme was used.

Results

The study included samples from 35 MCTs from 359dagh a median age of 7.9 £2.7 years.
Of the 35 tumours, seven were histological grad&lwere grade 2 and six were grade 3. Male
(14; three neu-tered) and female (17; two neuteded} were included in the study and in four
cases the gender was not recorded. The followiregds were represented: crossbred (10),
boxer (6), Labrador retriever (5), dogo Argentin®d),( golden retriever (2), American
Staffordshire bull terrier (1), dachshund (1), bead.), Boston terrier (1), cocker spaniel (1),
Dalmatian (1), dogue de Bordeaux (1), rottweilex, English setter (1) and Siberian husky (1).

Gene Expression

All of the target genes were expressed in each M@mple (Table 1). Between tumour grades,
significant differences were found only for TIMPaBere less TIMP-2 mRNA was found in grade 3
compared with grade 2 tumours (P<0.05). In conttastre was a progressive, but not significant,
increase in MMP-9 and VEGF-A expression with insne@ histological grade. MMP-2 and its
specific activator (MT1-MMP) showed the same geq@ession pro-fildr= +0.91,P< 0.0001; Fig.

1). The MMP-2:TIMP-2 and MMP-9:TIMP-1 mRNA ratioswere also  determined.
Progressive, but not significant, increases in lyatios were observed with increasing tumour
grade (Fig. 2).

Tablel

MMP-2, MMP-9, MT1-MMP, TIMP-2and VEGF-A mRNA expression

mRNA expression (AU)

Grade 1 Grade 2 Grade
MMP-2 2.54+0.68 7.45£3.50 203+ 161
MMP-9 0.62 +0.2( 1.27 +0.39 5.66 +3.67
MT1-MMP 1.19 +0.22 343 +£142 1.40 +0.66
TIMP-2 1.14+0.29 1.69+0.25 0.54+0.21
VEGF-A 0.86 +0.37 1.56 +0.42 1.92 £0.75

Data are expressed as the mean + standard error.
ab. cgignificant differences between grade 1 and 2egtathd 3 and grade 2 and 3, respectively
(KruskaleWallis test followed by Dunn's post test?<0.05).

Immunohistochemistry



MMP-2 and MMP-9 were present in all of the tumoexamined (Table 2). Both molecules were
lo-calized to the cytoplasm of mast cells, whilsiero-phils appeared negative. MMP-9 expression
was diffuse, while MMP-2 expression was multifoffaig. 3). Significant differences in the IHC
scores were observed for MMP-9 between the thradegrof MCT (P<0.05). The most intense
expression was in grade 3 MCTs (Fig. 4 and Fig.uppkementary material). The same
behaviour was also observed for MMP-2, but thisraitireach statistical significance (Fig. 3 and Fig
1 supplementary material). MT1-MMP protein was obsé in all tumours with cytoplasmic
immunolabelling of few scat-tered neoplastic ceitiata not shown). MT1-MMP expression
increased with tumour grade without reaglstatistical significance. In contrast, TIMP-2
expression was stronger in grade 1 than in grad€38s (P<0.01) (Fig. 5 and Fig. 1 supplementary
material). Finally, VEGF-A expression was strongegrade 3 than in grade 1 MC{B < 0.001; Fig.

6 and Fig.1 supplementary material). Labelling wesnly of the cytoplasm of neoplastic cells, in

particular those cells adjacent to blood vessels.
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Fig. 1. Spearman correlation analysis between MMP-2 aidl \IMP mRNA expression.

Table?2

MMP-2, MMP-9, MT1-MMP, TIMP-2 and VEGF-A IHC

LHC seore Significance
Grrade | Grade 2 Grade 3
MMP-2 3414292 78.3+39.1 159.0+21.2 ns
MMP-9 9194103 18724543 27934232 P<0.05
MTI-MMP 45.3+23.0 103.4+25.2 183.3+31.4 ns
TIMP-2 1824 +12.2 1432L£178 9734+103 P<0.0l
VEGF-A 1066 +9.6 2001.3+155 291.34+4.7 P < 0.001

ns, not significant.



Gelatin Zymography

Active and inactive forms of MMP-9 and MMP-2 wereasured by GZ (Fig. 7). The activities of
MMP-9 and MMP-2 were calculated in AU per 10 ngpobtein. The pro-MMP-9 band was
present in all samples examined by GZ. The actnahge in grade 1 tumours was 2.3e60.2 AU, in
grade 2 tumours 71.0e134.3 AU and in grade 3 MC3k.2e218.9 AU. Thirty-four tumours
exhibited bands for the active form of MMP-9. Tlo#haty ranged from 0 to 40.3 AU for grade 1,
54.3e192.6 AU for grade 2 and 160.3e248.0 AU fadgr3 tumours. Pro- and active-MMP-9
activities progres-sively increased from grade 3 kCTs. Both were higher in grade 3 than in grade
(P < 0.05), in grade3 than in gradgHA < 0.001) and in grade 2 than in grade 1 tumdBrs0.01;
Fig. 7B). Furthermore, the activity of the MMP-Qdat form was significan tly higher than that of
the active forn{P < 0.05) in grade 2 and 3 MCTs. Densitometric vald¢seactive form of MMP-9
were also correlated to MMP-9 mRNA expresgion 0.37,P < 0.05).
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Fig. 2. (A) MMP-2:TIMP-2 and (B) MMP-9:TIMP-1 mRNA ratiosn grade (G) 1, 2 and 3 MCTs.
Data (mean * standard error) are expressed in Abtissical analysis: Kruskale Wallis test followbg Dunn's

post test.



Bands for the latent and active forms of MMP-2 wiexend in 97% and 94% of MCTSs, respectively.
A progressive increase in MMP-2 gelatinolytic aityiwvith histological grade was observed. The
activity of pro-MMP-2 was 0e31.4 AU, 28.7e164.0 Addd 65.3e149.7 AU in grade 1, 2 and 3
tumours, respectively. The activity of active-MMPsas 0e23.9 AU, 13.2e169.7AU and
70.8e161.2 AU in grade 1, 2 and 3 MCTs, respegtivgignificant differences were obtained for
pro-MMP-2 in grade 1 versus grade 2 and in gradeefsus grade 3P < 0.001) and for
active-MMP-2 in grade 1 versus grade 2 (P<0.01)imgdade 1 versus grad€3< 0.001) (Fig. 7C).
Pro-MMP-2 activity was significantly higher thanti@e-MMP-2 only in grade 1 sampléB < 0.05).

Fig. 3. Grade 3 MCT showing intense expression (multifdoacoalescing distribution) of MMP-2. IHC.x200.
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Fig. 4. Grade 3 MCT showing intense and diffuse expraseibMMP-9. IHC. x400.
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Discussion

Dogs are at risk for cutaneous MCT, which accotortsip to 21% of all skin tumours (Thamm and
Vail, 2007). The diagnosis of MCT by cytology osttopathology is straightforward in the majority of
cases, but forming an accurate prognosis is moaenging (Welleet al., 2008). The biological

behaviour of MCT is highly variable, in particuldor intermediate-grade tumours. Some



intermediate-grade tumours have a benign behawidle others exhibit aggressive growth and a

high frequency of local and distant recurrence (gtlal.,2008).

Degradation of the ECM and basement membrane ccenpoand angiogenesis act in a coordinated
manner in the growth and progression of severahbno-and animal tumours (Loukopouleisal.,
2003; Patruncet al., 2009). These complex processes are mainly regulayeMMPs and their
specific inhibitors (ECM and basement membrane adgjion) and VEGF (angiogenesis). Few
data are available on the roles of MMPs and VEGHK-Aanine MCTs (Leibmart al., 2000;
Loukopouloset al.,2003; Patrunet al.,2009; Mederleet al.2010). To the best of our knowledge,
this is the first study describing the expressiérviP-2, MMP-9, MT1-MMP, TIMP-2 and
VEGF-A in canine MCTs using an integrated appro&aom mRNA to protein, by means of
both gPCR and IHC. GZ was also performed to evalii¥iP-2 and MMP-9 gelatinolytic activity.
MMP-2 and MMP-9 have been identified by GZ in 2desaof canine MCT of histological grades 2 and
3 (Leibmaret al.,2000) and in two cases of oral multifocal MCT by &2 IHC (Loukopoulost al.
2003). In those studies, normal tissue adjacenthédumour was also considered. In the present
study the activity of both latent and active forofisMMP-9 and MMP-2 was evaluated in grade 1, 2
and 3 MCTs and these data were compared with IHK®CR results. Both latent and active forms
of MMP-9 and MMP-2 were found in almost all tumownrsd proen-zyme activity was generally
higher than that of the active form for both gelases. GZ showed a signifi-cant increase of thegma
active forms of MMP-9 and MMP-2, correlated witlstological grade, as previously observed by
Leibmanet al. (2000) in canine MCT and by Loukopoulesal. (2003) in other tumour types. In
general, the production of gelatinases is corrélatgh its biological behaviour: tumours produce
more MMP-9 and MMP-2 than non-neoplastic tissue rmuadignant tumours produce significantly
more MMP than their benign counter-parts (Loukopsutt al., 2003). The grade-dependent
expression observed through zymography was confirambéhe mRNA and protein levels. Increased
MMP-9 mRNA expression was correlated with IHC scamd with act-MMP-9 optical density by GZ.
In contrast, MMP-2 expression was more variablespde a grade-dependent increase in MMP-2
activity, the immunohistochemical expression wasnufltifocal distribution and there were no
significant differences between grades in termpeastentage cells labelled or intensity of labelling
Moreover, there was high variability at the leviejene expression for MMP-2.

The results obtained here for MMP-2 are in contvatit previously published data. The invasion
and malignant potential of many canine solid tursof{g.g. lymphoma, mammary tumours and
oro-nasal tumours) have been associated with isedeaxpression of MMP-2 (Hirayans al.,
2002; Papparellat al.,2002; Loukopoulost al.,2003; Gentiliniet al.,2005; Nakaichet al.,2007;
Aresuet al.,2011), while a minor role for MMP-9 in these tum®bas been hypothesized because of its

wide expression in normal cells, including macrag@gsgmand vascular smooth muscle cells (Nakaichi



et al.,2007) or for the fact that the active form of MMRwvEs identified in only three cases among 51
tumours (Loukopoulost al.,2003). In contrast, the results of the presentystagjht suggest that
MMP-9, rather than MMP-2, represents the key fattdECM degradation by mast cells in canine
MCTs and conse-quently in tumour aggressivenessratignancy.

MT1-MMP is one of the main activators ofMMP-2. Mawactive MT1-MMP is expressed on the cell
surface, where it binds and activates pro-MMP-2d88tal.,1994). Overexpression of MT1-MMP
in tumour cells enhances human tumour growth an@stasis (Souliét al., 2005). In veterinary
oncol-ogy, MT1-MMP has been detected by IHC in sanmhammary tumours, where its expression
was observed in the cytoplasm of tumour and strazeld (Papparell@t al., 2002; Aresuet al.,
2011). Both studies revealed increased expresditmTda-MMP in association with MMP-2 in
canine mammary car-cinomas and emphasised thetediun of stromal cells to the development of a
pro-invasive micro-envi-ronment (Papparedlaal., 2002; Aresuwet al.,2011). In the present study,
MT1-MMP mirrored MMP-2 behaviour at both the proteand mRNA levels. MMP-2 and
MT1-MMP were both detected by IHC predominantlyhe cytoplasm of tumour cells, and they
showed multifocal distribution that increased imte of percentage of labelled cells and intensity
score with histological grade. At the gene expmstevel, MT1-MMP showed the same pat-tern of
expression of MMP-2 and was positively correlateithWwIMP-2 expression. Thus, these results
confirm the relationship between these two proteitsSCM degradation (Wilét al.,1996).

The gelatinolytic function of MMPs is also conteddl by TIMPs. In particular, TIMP-2 has dual
functions of inhibition/activation of MMP-2 (Lamltegt al.,2004). No reports are available of
the role of TIMP-2 in canine MCT; this has beernvastigated only in canine mammary tumours
(Kawaiet al.,2006; Arestet al.,2011). In the present study IHC and gPCR showebbthest level of
TIMP-2 expression in undifferentiated MCTs, whigipaars to be consistent with the primary MMP
inhibitory role played by TIMPs (Lambegt al.,2004).

Imbalances in the activities of MMPs and TIMPs ianelved in tumour progression (Liot& al.,
1991). MMP-2 mRNA increases with respect to TIMP+2nore aggressive tumours (Onistoal.,
1995; Caenazzet al., 1998; Nagelet al., 2004; Nakaichiet al., 2007); thus, the ratio of
enzyme:inhibitor mMRNA has been proposed as an eatigator of aggressiveness (Caenagtzal.,
1998; Nakaichiet al., 2007). In line with previous literature, a progigssincrease in the
MMP-2:TIMP-2 mRNA ratio according to tumour gradedamalignancy was obtained here.

To exert MMP-inhibiting or MMP-activating function¥IMP-2 binds preferably to MMP-2, while
TIMP-1 binds to MMP-9 (Stetler-Stevensat al., 1989; DeClerclet al., 1991). Based on this
evidence, the mRNA expression profile of TIMP-1 veaam-ined here, but no statistically significant
differences were obtained (data not shown). Neek#ls, the disturbed balance between MMPs and
TIMPs in MCTs, as evidenced by the MMP-2:TIMP-2 mKRNtio, was also confirmed by the



MMP-9:TIMP-1 mRNA ratio, where in more aggressiveClWs (grade 3) an imbalance of about
fourfold ver-sus grade 1 was obtained. Thus, theRVMTIMP-2 and MMP-9:TIMP-1 mRNA ratios
might be useful for predicting the behaviour of MCT

Angiogenesis is crucial for the development ofdstlimours and it is known that tumour-associated
ves-sels can supply oxygen and nutrients to turoells for several millimetres (Uchids al.,2008).
VEGEF is a major regulator of angiogenesis and amiat autocrine growth factor for neoplastic
cells (Kutet al., 2007). Recently, VEGF-A distribution has been ea#&dd in normal canine
tissues (Uchida&t al.,2008) and in canine mammary tumours, menin-gioiyiaghomas and MCTs
(Wolfesbergeet al.,2007, 2008; Qiet al.,2008; Matiaselet al.,2009; Millantaet al.,2010; Mederlest

al., 2010). Several studies have demonstrated significamelations between tumour grade and
angiogenic factors and/ or microvessel densitganine mammary gland tumours, basal cell
tumours and squamous cell carcinomas (Maicdihal.,2000; Restuccet al.,2002). Furthermore,
intratumoural microvessel density has been evaduateanine MCT and has been associated with
tumour recurrence and mortality (Preziesal.,2004). In the present study, VEGF-A was measured
in MCT samples by means of IHC and, for the fiiste, by qPCR. Both methods confirmed that
neoplastic mast cells constitutively ex-pressed ¥E&Gat both the mRNA and protein levels, as
described by Rebuzet al.(2007). Addition-ally, increasing VEGF-A mRNA andopein expression
according to histological grade was observed. Alamassociation was described by Patrehal.
(2009). The results obtained here might form trestdar development of new therapeutic strateges f
canine MCT. For example, the use of an anti-angimgeompound in association with other
chemotherapeutic agents might be beneficial imta@agement of non-resectable grade 2 and 3
MCTs. As an example, tyrosine kinase inhibitors hwiboth anti-angiogenic and direct
anti-neoplastic activities (inhibition of c-KIT tysine kinase activ-ity) might be employed. In this
respect, surprisingly, transcriptional data obtdihere for VEGF-A in grade 1, 2 and 3 MCTs were
significantly correlated with c-KIT mRNA levels (@anot shown).

In conclusion, the results of the present studglsnown the involvement of MMP-9 and VEGF-A in
the progression and malignancy of canine MCT. Thaaekers may be new novel therapeutic
targets, but future studies should collect clinioatcome data to further understand the potential

prognostic roles of these markers.
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