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Abstract

Overexpression of matrix metalloproteinases (MMPs) has been associated with increased tumor aggressiveness and metastasis
dissemination. We investigated whether the contrasting metastatic behavior of feline and canine osteosarcoma is related to levels
and activities of MMP2 and MMP9. Zymography and immunohistochemistry were used to determine expression levels of MMP2
and MMP9 in canine and feline osteosarcoma. Using immunohistochemistry, increased MMP9 levels were identified in most
canine osteosarcomas, whereas cat samples more often displayed moderate levels. High levels of pro-MMP9, pro-MMP2, and
active MMP?2 were detected by gelatin zymography in both species, with significantly higher values for active MMP2 in canine
osteosarcoma. These findings indicate that MMP?2 is probably involved in canine and feline osteosarcoma and their expression
and activity could be associated with the different metastatic behavior of canine and feline osteosarcoma.

Résume

La surexpression de métalloprotéases de matrice (MPMSs) a été associée avec une augmentation de I'agressivité des tumeurs et de la
dissémination métastasique. Nous avons cherché a savoir si le comportement métastasique contrastant d’ostéosarcomes félin et canin est relié
aux quantités et a l'activité de MPM2 et MPM9. La zymographie et I"immunohistochimie ont été utilisées afin de déterminer les niveaux
d’expression de MPM?2 et de MPM9 dans des ostéosarcomes canins et félins. En utilisant I'immunohistochimie, des quantités augmentées de
MPM9 ont été identifiées dans la plupart des ostéosarcomes canins, alors que les échantillons félins montraient plus souvent des quantités
modérées. Des niveaux élevés de pro-MPM9, pro-MPM2, et de la MPM?2 active ont été détectés par zymographie sur gélatine chez les
deux espéces, avec des valeurs significativement plus élevées pour de la MPM?2 active dans les ostéosarcomes canins. Ces données indiquent
que MPM2 est probablement impliquée dans les ostéosarcomes canins et félins et que leur expression et activité pourraient étre associé avec
le comportement métastasique différent des ostéosarcomes canins et félins.

(Traduit par Docteur Serge Messier)

unclear, further knowledge of molecular mechanisms affecting OS
metastatic outgrowth is badly needed.
Matrix metalloproteinases 2 (MMP2) and MMP9 belong to the

Introduction

Osteosarcoma (OS) is the most common bone tumor in both the

canine and feline species. It accounts for approximately 80% of
primary bone tumors in dogs and 70% in cats (1-3). While canine
and feline OS share the same clinical indicators and exhibit similar
histological features, tumor behavior is considerably different in
dogs and cats (4). Dogs die from the consequences of lung metas-
tases in most cases. Therefore, the prognosis is poor for canine OS,
the recurrence rate is high, and the survival time is low (5,6). The
median survival time ranges from 3 mo to 1y (7). In contrast, cats
show increased long-term survival compared to dogs, ranging from
approximately 13 to 64 mo (8). In addition to the decreased meta-
static rate of 5% to 10%, the overall incidence of OS is notably lower
in cats than in dogs (9,10). As the reasons for these differences are

MMP (matrix metalloproteinase) family, several members of which
have been shown to contribute to development of OS in humans
(11,12). This protein family is divided into different subgroups
according to substrate specificities, such as collagenases, gelati-
nases (MMP2 and MMP9), stromelysins, matrilysins, MT-MMPs
(membrane-type matrix metalloproteinases), and others (13,14).
Both MMP2 (gelatinase A) and MMP9 (gelatinase B) are type-IV
collagenases that are expressed by multiple cell types as well as cells
associated with bone tissue (15,16). Most MMPs are secreted as latent
precursors and activated by means of a proteolytic mechanism, fol-
lowed by an autocatalytic cleavage of the cysteine-zinc bond (14,17).
The activity of MMPs is regulated at the transcriptional level (18)
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Table la. Clinical data from dogs with primary osteosarcoma (0S)

Case Canine 0S
number Subtype Grade Age (y) Breed Genderd Localization

1 Fibroblastic 3 8 Great Dane m/n Appendicular

2 Fibroblastic 3 5 Boxer f/n Appendicular

3 Chondroblastic 2 13 Mixed f Appendicular

4 Chondroblastic 2 12 Sheep dog m Extraskeletal

5 Telangiectatic 3 7 Boxer f Lung metastasis

6 Osteoblastic 2 8 Saint Bernard f Appendicular

7 Osteoblastic 3 6 Saint Bernard /n Appendicular

8 Osteoblastic 2 10 Mixed /n Appendicular

9 Osteoblastic 2 9 Mixed /n Appendicular
10 Osteoblastic 2 15 Pinscher f Extraskeletal
11 Osteoblastic 3 11 Munsterlander f Axial
12 Osteoblastic 2 7 Leonberger f Appendicular
13 Osteoblastic 2 11 Dachshund m/n Appendicular
14 Osteoblastic 2 12 Pinscher /n Appendicular
15 Osteoblastic 2 9 American Stafford /n Appendicular
16 Mixed 2 1 Rhodesian Ridgeback m Appendicular
17 Poorly differentiated 3 7 Mixed m Appendicular
a Gender: f/n — female, neutered; m/n — male, neutered.
Table 1b. Clinical data from cats with primary osteosarcoma (0S)
Case Feline OS
number Subtype Grade Age (y) Breed Gender® Localization
1 Fibroblastic 1 10 Europ. short hair f Axial
2 Fibroblastic 2 15 Europ. short hair m/n Appendicular
3 Osteoblastic 2 12 Europ. short hair m/n Appendicular
4 Osteoblastic 2 4 Europ. short hair m/n Appendicular
5 Osteoblastic 1 6 Europ. short hair f/n Axial
6 Mixed 1 13 Europ. short hair f/n Appendicular
7 Mixed 2 12 Europ. short hair f Appendicular
a

or at the protein level by RECK (reversion-inducing-cysteine-rich
protein with Kazal motifs), o, M (&, macroglobulin), endostatin, or
TIMP (tissue inhibitor of metalloproteinases), which are the most
often described natural MMP inhibitors responsible for controlling
the degradation of extracellular matrix (ECM) (19-21).

High levels of MMP2 and MMP9 expression and activity have
been shown to be associated with tumor aggressiveness, metastasis
dissemination, and poor survival time in human and mouse models
(22-24). Their importance in cancer progression is due to their ability
to degrade components of the ECM, especially basement membrane
components, including type-IV (25) and type-V (26) non-fibrillary
collagens, type-VII collagen (27), type-X collagen (28), elastin (29),
and fibronectin (30), which in turn facilitate tumor cell invasion and
metastatic progression (22,31,32). Tumor progression with detach-
ing of cells from the primary site, migration through the basement
membrane into the circulatory system, and subsequent spread
into the lung to form a metastatic colony is a process that occurs
regularly in human osteosarcoma patients (33,34) and requires the
active participation of gelatinases. Consistent with this model, there
is considerable evidence that MMPs contribute to osteosarcoma
metastasis development (22,35,36). Although significantly enhanced

Gender: f/n — female, neutered; m/n — male, neutered.

levels of MMP2 and MMP9 have been reported in human and canine
osteosarcoma (31,37,38), MMP2 and MMP9 levels in feline OS tumor
samples have not yet been investigated.

The objective of this study was to determine and compare the
levels and activity of MMP2 and MMP?9 in canine and feline OS by
means of gelatin zymography to find out whether the contrasting
tumor behaviors in canines and felines are correlated with different
levels of gelatinase activity. Immunohistochemistry for MMP2 and
MMP9 was conducted to localize their distribution within the cor-
responding OS tumor tissue sample.

Materials and methods

A total of 24 OS samples (17 canine, 7 feline) were collected over a
period of 4 y (2009 to 2013). Tissue samples were obtained by surgery
during therapeutic interventions or by necropsy, according to the
rules of the local ethical committee. Fresh samples were aliquoted
for gelatin zymography, shock frozen in liquid nitrogen, and stored
at —80°C until use. Samples for pathohistological examination,
including tumor grading according to Kirpensteijn et al (6) and
immunohistochemistry, were fixed in buffered 4% formaldehyde,
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embedded in paraffin (FFPE samples), and stained with hematoxylin
and eosin (H&E). Decalcification of tissue samples using 8% ethyl-
enediamine tetra-acetic acid (EDTA) was carried out for histology
when necessary.

Animal data

Clinical and pathohistological data, including breed, gender, age,
tumor localization, subtype of OS, and tumor grade, are summarized
in Tables Ia and Ib.

Immunohistochemistry

Formalin-fixed paraffin-embedded (FFPE) tissue sections (5 pm
thickness) were mounted on glutaraldehyde-activated 3-aminopropyl-
triethoxysilane (APES)-coated slides. Dehydration was followed by
removal of endogenous peroxidases with 0.6% hydrogen peroxide
(H,0,) in 40% methanol. Unspecific binding of the primary antibody
was minimized by incubating the tissue sections with 1.5% normal
goat serum (PAA, Pasching, Austria) for 30 min. The sections were
pretreated for epitope retrieval in a steamer for 30 min in 0.1 M citric
acid buffer (pH 6.0) and subsequently cooled down to room tempera-
ture for 20 min.

Immunohistochemical staining for MMP2 and MMP9 was done
using polyclonal antibodies (rabbit anti-MMP2, dilution 1:100;
Abcam, Cambridge, United Kingdom and rabbit anti-MMP9, dilu-
tion 1:100; Abnova, Heidelberg, Germany) overnight at 4°C. After
washing with phosphate-buffered saline (PBS), the tissue sections
were incubated with the secondary antibody (Bright Vision Poly-
HRP-anti-rabbit; Immunologic, Duiven, Netherlands) for 30 min at
room temperature. Sections were then washed in PBS and developed
with 10 mg DAB (3,3'-diaminobenzidine; Sigma-Aldrich, Vienna,
Austria) in 50 mL Tris-hydrochloride (HCI) buffer pH 7.4 with
50 pL 30% H,O, for 10 min at room temperature. Finally, sections
were counterstained with hemalumn, dehydrated, and mounted in
xylene-soluble mounting medium (Consul Mount; Thermo Scientific,
Waltham, Massachusetts, USA).

Histological sections of canine and feline placenta were used as
positive tissue controls for MMP2 and MMP9 immunohistochemis-
try. Negative controls were conducted by substituting the primary
antibody with PBS. According to the manufacturer’s datasheet, the
antibodies used are not suitable for distinguishing between latent
and active forms. The expression of MMP2 and MMP9 in tumor
tissue was semi-quantitatively assessed using 2 histological values,
the area of positively stained cells and the signal intensity. Distinct
brown-labeled cells were regarded as positive. The staining pattern
was evaluated independently by 2 investigators (CG and IW). The
area of positively stained cells of either MMP2 or MMP9 was scored
on a scale from 1 to 3 (1: < 25%; 2: 25% to 50%; 3: > 50%) and the
average staining intensity was scored on a scale from 1 to 3 (1: mild,
2: moderate, 3: marked). For calculating the immunopositivity score
(IPS), the percentage area of positive cells was multiplied with the
staining intensity (39). The final integer values were scored as IPS I
(1t02),IPST (3to4), and IPSIII (6 to 9).

Gelatin zymography

Zymography was carried out according to Walter et al 2005 (40).
Gelatinases (MMP2, MMP9) in their precursor and active forms

were detected by means of gelatin zymography. Fresh frozen OS
tissue was cut into small pieces (2 to 3 mm?), then homogenized
in 500 pL EDTA buffer [10 mM Tris-HCI pH 7.5, 140 mM sodium
chloride (NaCl), 5 mM EDTA, 1 mM phenylmethylsulphonyl fluo-
ride (PMSF), 1 mM dithiothreitol (DTT), 1% Triton X-100] using a
TissueRuptor (Qiagen, Hilden, Germany). The tissue homogenate
was mixed with an equal volume of Tris/glycine/SDS sample buffer
(Thermo Fisher Scientific, Waltham, Massachusetts, USA). Protein
concentrations of the lysates were determined using the Bradford
assay and aliquots of 10 pg protein lysate were loaded on non-
reducing 4% polyacrylamide stacking gels and 10% resolving gels
(gel thickness 1.0 mm), containing 0.1% gelatin (Sigma-Aldrich) as
a substrate.

Electrophoresis was conducted for 30 min at 130 V, then 90 min
at 100 V with Tris/glycine/SDS running buffer (Thermo Fisher
Scientific) in a Mini-Protean Cell (Bio-Rad, Hercules, California,
USA). After electrophoresis, gels were washed with renaturing
buffer (Thermo Fisher Scientific) for 45 min and incubated with
developing buffer (Thermo Fisher Scientific) overnight at 37°C.
Gels were stained with 0.5% Coomassie Brilliant Blue R-250 for 2 h
and destained with a mix of methanol, acetic acid, and water, at a
volume ratio of 4:1:5, until gelatinases became clearly visible as white
bands. Gels were scanned with an Image Scanner III (GE Healthcare
Life Sciences, Munich, Germany) and quantified by densitometry
analysis using Quantity One software (Version 4.4.0; Bio-Rad). For
each lane/sample, band intensities of active and pro forms of MMP2
or MMP9 were expressed as relative percentage of overall activity
of the respective gelatinase. Human recombinant gelatinases were
used as a standard of pro- and active MMP2 (cat no. PF037 and
PF023; Calbiochem/EMD Millipore, Billerica, Massachusetts, USA)
and MMP9 (cat no. PF038).

A zymography inhibition assay was conducted by supplement-
ing the developing buffer with 20 mM EDTA, which resulted in a
complete absence of bands. The results obtained for pro- and active
MMP2 and MMP9 were analyzed statistically using Student’s t-test;
values of P = 0.05 were considered significant.

Immunohistochemistry

Matrix metalloproteinase 2 (MMP2) and MMP9 were detected in
all canine and feline OS samples (24/24) using immunohistochem-
istry. In addition to tumor cells, multiple other cell types, such as
osteoblasts, chondroblasts, fibroblasts, macrophages, or endothelial
cells of blood vessels, showed positive staining for MMP2 and
MMP9. The immunoreactivity was mainly cytoplasmic and, in
rare cases, weak staining of the ECM, mainly osteoid matrix, was
detected (Figure 1). The IPS scores for MMP2 and MMP9 expression
in canine and feline OS are given in Tables Ila and IIb. Most (71%)
canine OS samples displayed high MMP9 values (IPS III), whereas
far fewer samples rated as IPS I and IPS II were detected (6% and
23%, respectively). In contrast, a noticeably lower proportion of the
feline OS samples were rated as IPS III (43%) and the MMP9 values
of more samples scored as IPS II (57%) compared with canine cases
(23%). Immunoscoring for MMP?2 revealed that almost half of the
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Figure 1. Distribution of the different immunostaining levels scored from 1 to 3 (1 = mild, 2 = moderate, 3 = marked) (a to c¢). Mild staining intensity (a),
moderate staining intensity (b), and marked staining intensity (c), including the negative control for MMP9 (inset). Canine osteoblastic OS (case no. 6)
with marked staining intensity for MMP2 (d) and MMP9 (e) were scored as IPS Ill. Typical osteoblast-like cells producing osteoid matrix are shown.
Feline osteoblastic 0S (case no. 21) with marked staining intensity for MMP2 (f) and MMP9 (g) were scored as IPS lIl. The latter 2 panels show a
heterogeneous cell pattern indicating whirl formation of spindle-shaped cells. Note also the intense staining of tumor cells and blood vessels, particu-
larly in the area of tumor cell whorls (black arrowhead). Area of osteoid matrix surrounded by tumor cells is marked (grey arrowhead). Bar = 50 pm.

canine OS samples (47%), scored as IPS III, a lower number scored
as IPS I (35%), whereas only 18% scored as IPS II. After MMP2
immunostaining in feline OS, most samples were scored as IPS II or
equally distributed between IPS I and IPS III. As a result, most canine
OS samples exhibited IPS III values for MMP9 and MMP2, whereas
feline OS samples were mostly scored as IPS II for both MMPs.

T
SO LS L

Due to the low number of cases per tumor subtype, it was not
possible to correlate MMP2 or MMP9 immunohistochemistry with
the different tumor subtypes. In the canine osteoblastic OS group
(n = 10), however, most of the samples were scored as IPS III for
MMP9, whereas for MMP2, they were assessed equally as IPS I and
IPS III.
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Table lla. Inmunopositivity score (IPS) for MMP9 expression
in canine and feline osteosarcoma (0S)

Table llb. Imnmunopositivity score (IPS) for MMP2 expression
in canine and feline osteosarcoma (0S)

MMP9 MMP2
Case Case
Subtype numbers IPS | IPS I IPS 1l Subtype numbers IPS | IPS I IPS I
Canine 0S Canine 0S
Fibroblastic 1,2 — 1 1 Fibroblastic 1,2 — 2 —
Chondroblastic 3,4 — 1 1 Chondroblastic 3,4 1 — 1
Telangiectatic 5 — — 1 Telangjectatic 5 — — 1
Osteoblastic 6 to 15 1 2 7 Osteoblastic 6to 15 5 — 5
Mixed 16 — 1 Mixed 16 — — 1
Poorly differentiated 17 — — 1 Poorly differentiated 17 — 1 —
Total (% integer values) 6 23 71 Total (% integer values) 35 18 47
Feline OS Feline OS
Fibroblastic 18, 19 — 2 — Fibroblastic 18, 19 1 1 —
Osteoblastic 20 to 22 — 2 1 Osteoblastic 20 to 22 — 2 1
Mixed 23,24 — — 2 Mixed 23, 24 1 — 1
Total (% integer values) — 57 43 Total (% integer values) 29 43 29
Table Ill. Detection of levels of pro- and active MMP2 and MMP9 in canine and feline osteosarcoma
(0S) samples using gelatin zymography
Mean (%) = SD
Case
Subtype numbers Pro-MMP9 Active MMP9 Pro-MMP2 Active MMP2
Canine 0S
Fibroblastic 1,2 89.0 = 5.7 11.0 £ 5.7 745 + 2.1 255 +2.1
Chondroblastic 3,4 92.0 2.8 8.0=*28 67.0 = 24.0 33.0+ 241
Telangiectatic 5 94.0 £ — 6.0 + — 57.0 + — 43.0 £+ —
Osteoblastic 61to 15 91.1+49 8.9*+49 53.3 + 16.4 46.7 = 16.4
Mixed 16 89.0 = — 11.0 + — 58.0 £+ — 42.0 £ —
Poorly differentiated 17 85.0 £+ — 15.0 £ — 86.0 £ — 14.0 = —
Feline OS
Fibroblastic 18, 19 90.0 £ 7.1 10,0+ 7.1 84.5 + 3.5 15.5 + 3.5
Osteoblastic 20t0 22 88.0 £ 7.0 12.0 + 7.0 75.7 + 10.3 24.3 = 10.3
Mixed 23,24 95.0 = 1.4 50+ 1.4 73.0 + 4.2 27.0 £ 4.2
SD — standard deviation.
Gelatin zymography highest relative value of active MMP9 was observed in the poorly

The results of the zymography experiments are summarized in
Table III. All canine and feline OS samples investigated by zymog-
raphy were positive for both MMP2 and MMP9 (24/24). The pattern
showed white bands on the blue gel with an apparent molecular
weight ranging from 62 kDa to 92 kDa, as confirmed by co-migrating
human recombinant protein standards (Figure 2). MMP9 was
detected at 92 kDa (pro-MMP9) and 83 kDa (active MMP9). Bands
of MMP2 were present at 72 kDa (pro-MMP2), as well as at 66 kDa
(active MMP2) and rarely as an additional active MMP2 band at
62 kDa. Significantly lower levels (P < 0.01) of active MMP9 than the
inactive form were observed in all canine and feline tumor samples
(Figures 3a and 3b). Mean active MMP9 values, given as percentage of
total amount of the enzyme, ranged from 6.0% to 15.0% in the canine
OS and from 5.0% to 12.0% in the feline OS samples (Table III). The

differentiated subtype of canine OS, with the lowest value in the tel-
angiectatic OS case. In the cat, mixed-subtype OS samples exhibited
the lowest active MMP9 amount (5%) of all tumor subtypes.

Pro- and active MMP2 was variably distributed in canine
OS samples (Figures 3a and 3b). The portion of active MMP2 ranged
from 14.0% to 46.7% in canine OS samples and from 15.5% to 27.0%
in feline OS samples. The highest values of active MMP2 were
detected in the osteoblastic and telangiectatic OS subtypes; the low-
est amount was evaluated in poorly differentiated OS. In the feline
species, the mixed-subtype samples showed the highest relative
active MMP2 value. Canine samples revealed overall significantly
(P < 0.01) higher levels of active MMP2 than those of cats.

When comparing both methods of MMP detection, gelatin
zymography and immunohistochemistry, results shared similarities
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Figure 2. Examples of gelatin zymography pattern of canine and feline osteosarcoma (0S). Lane 1: human pro-MMP9 standard. Lane 2: human
pro- and active MMP2 standard. Canine tumor samples are shown from lane 3 to 8. Lane 3: osteoblastic OS (case no. 6); lane 4: fibroblastic 0S
(case no. 2); lane 5: mixed OS (case no. 16); lane 6: chondroblastic OS (case no. 4); lane 7: poorly differentiated OS (case no. 17); lane 8: telangi-
ectatic subtype (lung metastasis, case no. 5). Feline tumor samples are shown from lane 9 to 11. Lane 9: osteoblastic OS (case no. 21); lane 10:
fibroblastic OS (case no. 18); and lane 11: mixed OS (case no. 23). The molecular weights of pro- and active MMPs are indicated from 62 to 92 kDa.

according to the total amount of gelatinases. Summarizing immuno-
histochemistry revealed higher relative IPS scores for MMP2 and
MMP9 in canine than in feline samples and zymography showed
significantly higher amounts of active MMP2 levels in OS of the
canine species. The tumor grades of the analyzed feline and canine
OS samples were explicitly divergent between cats and dogs. Cats
expressed low and moderate tumor grade levels, whereas dogs
displayed significantly higher grades (Table I). No relationship was
identified when comparing MMP2 and MMP9 levels with tumor
grade values of feline and canine OS samples.

In the present study, the distribution and expression levels of pro-
and active MMP2 and MMP9 in canine and feline OS samples were
determined and compared. It has previously been demonstrated
that MMPs play a major role in OS tumor invasion and metastasis
development (22,41-43). Although expression of MMP2 and MMP9
in canine OS has been studied before, no data have been reported
on MMP expression in feline OS. Considering the significantly dif-
fering metastasis rates between the 2 species, we expected different
levels of MMP2 and MMP9 in canine than in feline OS. In canine
OS samples, we detected higher MMP9 immunostaining scores (IPS)
than those for MMP2. Immunohistochemistry was applied to assess
the distribution of MMP2 and MMP9 in tissue sections of feline and
canine tumors, but the antibodies used cannot distinguish between
active and pro-forms of these MMPs. Nonetheless, it is important to
determine the activity levels of MMPs, as they represent the func-
tional form of the enzyme, whereas the general expression of some
MMPs is almost ubiquitous (43-45).

Gelatin zymography is the state-of-the-art technique to quantify
MMP2 and MMP9 with a high specificity and sensitivity (19). As
expected, we could detect MMP2 and MMP9 in their precursor and
active forms in all OS samples. Significantly higher amounts of active
MMP2 were detected in canine OS samples than in feline samples.
One tumor sample (mixed feline OS, case no. 23) displayed an addi-
tional MMP2 form at the apparent molecular weight of 62 kDa. It has
been previously reported that the detection of this low molecular

weight form of active MMP2 is associated with high malignancy
and metastasis development in canine OS tissue (31,41). In contrast,
the feline case in our study was a grade I OS, which means that
we cannot suggest a correlation with malignancy and metastasis
activity.

The results discussed here are in line with previous reports for
canine primary OS samples, particularly the generally low expres-
sion of active MMP9 (31). The question of whether both gelatinases
are important in tumor progression and metastasis, or if only 1 is
the main player, is controversial and still under discussion. It has
been reported that high MMP2 expression is significantly associated
with poor prognosis and lower survival time in human OS patients
(46). Our experiments revealed that the canine OS samples showed
a higher relative amount of active MMP2 than the feline samples,
which might be related to the higher metastatic rate observed in
dogs. This differing result might also be due to the generally lower
OS tumor grade in felines, as Loukopoulus et al (31) reported a con-
nection between the amount of MMP and tumor grade in canine OS.
These researchers assumed that MMP9 does not play a major role
in the primary tumor or established metastasis environment, as the
active form of MMP9 was only present in 3 out of 76 canine tumor
tissues examined. Unlike this previous study (31), we found active
MMP9 in all OS samples examined, albeit at a minor expression
level. While we did not find a significant difference in the incidence
of active MMP9 between cats and dogs, MMP9 may also have a
significant function in tumor malignancy, including OS. It has been
reported that MMP9 is an important indicator of tumor progres-
sion in feline mammary tumors (47). The results of a meta-analysis
report propagate MMP9 as an effective OS biomarker for predicting
the survival chance in human patients affected by OS (48). Other
studies reported that overexpression of MMP9 was associated with
increased metastatic potential in rats (18). This study showed that
MMP2 was not overexpressed in transplantable rat OS with high
metastatic potential and that active MMP2 was not detectable in
all cases and therefore concluded that MMP2 is not involved in the
metastatic process (18). It has to be considered that these results are
based on studies of different tumors and species, and substantial
species-specific differences cannot be excluded.
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Figure 3. Levels of pro- and active MMP2 and MMP9 as assessed by gelatin zymography. Pro-MMP9 was expressed at significantly (P < 0.01) higher
levels than pro-MMP2 in canine and feline samples (a). In both species, the levels of active MMP2 were significantly (P < 0.01) higher than active
MMP9 (b). In feline OS samples, a significantly lower amount of active MMP2 was expressed (P < 0.01).

Our experimental approach revealed significant differences between
the canine and feline species regarding active MMP2, but not MMP9
in OS samples. It is therefore concluded that the striking differences
in canine and feline OS tumor behavior might be associated with the
expression and activity of MMP2. As the experiments were carried out
on only a small number of feline OS cases, however, further investiga-
tions are needed to increase knowledge about the regulation of MMPs
in OS, as well as their connection with clinical prognosis.
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