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ABSTRACT

Background: Bovine enzootic haematuria is a chronic, non-infectious disease caused by the ingestion of bracken Pteridium 
aquilinum that contain ptaquiloside, substance responsible for the development of neoplasms in combination with bovine 
papillomavirus infection. Studies examining metalloproteinases have shown that these enzymes may be useful as prognostic 
markers and many studies have correlated the intratumoural microvessel density and incidence of metastasis in a variety 
of cancers, including bladder cancer. This study aimed to evaluate the urothelial morphology and vasculature and quantify 
the expression of the enzyme metalloproteinase-2 in the bladder lesions of bovine with enzootic haematuria.
Materials, Methods & Results: Forty bladders with macroscopic lesions were subjected to routine histological process-
ing. The material was stained using the Hematoxylin-Eosin (HE) and Weigert’s resorcin-fuchsin staining methods. The 
morphometric analysis included the measurement of the total thickness of the urothelium. Microscopically, the lesions 
were differentiated as neoplastic or non-neoplastic, and the vascular changes were characterised as vascular proliferation, 
ectasia, dilation and thickening and the material stained using the Weigert’s resorcin-fuchsin method was used to evaluate 
sclerosis and the vascular fibroelastosis. The metalloproteinase expression was evaluated using an anti-metalloproteinase-2 
antibody. The main non-neoplastic lesions found in the urothelium included clear cell metaplasia, dysplasia, hyperplasia, 
haemorrhage, cystitis cystica and Brunn’s nests and the neoplastic lesions were haemangioma, myxoma, transitional cell 
carcinoma, adenocarcinoma, in situ carcinoma and haemangiosarcoma. The urothelium measurements revealed differences 
between the epithelial thicknesses of bladders with and without neoplasms. The bladder vasculature evaluation revealed 
the frequent occurrence of different pathological aspects, such as vascular proliferation, dilation, expansion, ectasia and 
thickening; more severe vascular proliferation, thickening and fibroelastosis were observed in bladders with neoplasms. 
Metalloproteinase-2 expression was observed in the epithelial cells, fibroblasts, endothelial cells and smooth muscle cells 
present in the tumour tissue and was a significant increase in the expression of MMP-2 in the neoplasms of mesenchymal 
origin compared to the neoplasms of epithelial origin. 
Discussion: The presence of a large variety of non-neoplastic lesions indicates the possibility that there are other factors 
concomitant to BEH involved. Epithelial hyperplasia and metaplasia, for example, could be the result of damage caused by 
bovine papillomavirus type 2 or even an altered urine pH. Furthermore, it is believed that the bladder has the capacity to 
generate various types of neoplasms due to the different histological components of the bladder, thus enabling it to generate 
both mesenchymal and epithelial lesions. The thickness of the urothelium was greater in all the quadrants with neoplasms 
compared to the quadrants without neoplasms. These data revealed that it is possible to use less invasive diagnostic imaging 
methods to characterise bovine enzootic haematuria and to measure tumour progression based on the severity of vascular 
changes. The vascular proliferation and thickening were significant in bladders with neoplasms, which may be explained 
by the fact that tumours require an extensive vascular supply. In addition, many tumours release vascular growth factors 
and promote neovascularisation. The intensity of the immunostaining of metalloproteinase-2 differed among the different 
types of neoplasms. However, due to the diversity of the tumours, it was not possible to establish a relationship between 
metalloproteinase-2 expression and tumour progression.
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INTRODUCTION 

Bovine enzootic haematuria (BEH) is a chron-
ic, non-infectious disease, characterised by the devel-
opment of neoplasms in the bladder mucosa, caused 
by the spontaneous ingestion of Pteridium aquilinum. 
Affected animals present with intermittent haematuria, 
followed by death caused by anaemia [17,31,37].

The ptaquiloside that is present in the plant 
is the main agent responsible for the development of 
neoplasms [1,11]. However, bovine papillomavirus 
type 2 (BPV-2) infection is commonly observed in 
animals with BEH, and its action has been linked to 
the carcinogenic compounds found in plant [34,46]. 

Interactions between the tumour and its mi-
croenvironment result in the production of proteolytic 
enzymes that are essential for tumour development 
[14,23], between them, metalloproteinase 2 (MMP-2) 
is capable of degrading collagen and plays an impor-
tant role in tumour progression [5]. Studies examining 
MMP in various types of neoplasms have shown that 
these enzymes may be useful as prognostic markers [2].

Another important aspect of BEH includes 
the changes to the bladder vasculature. Many studies 
have correlated the intratumoural microvessel density 
(MVD) and incidence of metastasis and/or patient 
survival in a wide variety of cancers, including blad-
der cancer [36,44]. More, the tumour development in 
BEH is responsible for the macroscopic thickening of 
the bladder wall [15], this increased thickness can be 
used to diagnosis BEH using ultrasound [19].

Thus, the present study aimed to determine the 
pathological aspects of the bladder vasculature and 
assess the expression of MMP-2 in neoplastic bladder 
lesions to correlate them with neoplastic alterations and 
tumour progression.

MATERIALS AND METHODS

Sampling

In total, 40 bladders with macroscopic lesions 
and haematuria were collected from a slaughterhouse in 
Muniz Freire, state of Espírito Santo-ES, which receives 
animals from the municipalities in the Caparaó microre-
gion, where Pteridium aquilinum has been documented.

The collection of the bladders was authorised 
by the Institute for the Agricultural and Forest Pro-
tection of Espírito Santo [Instituto de Defesa Agro-
pecuária e Florestal do Espírito Santo (IDAF-ES)]. 

Urine was collected with the bladder, placed in 10 mL 
glass tubes, centrifuged and analyzed using a Neubauer 
chamber to assess the presence of macrohaematuria or 
microhaematuria. Only bladders that had blood in the 
urine were used in the study.

The collected bladders were transported to 
the Animal Pathology Department of the Federal 
University of Espírito Santo [Universidade Federal 
do Espírito Santo - UFES] and were sectioned using 
scissors along the ventral surface in the caudal-cranial 
direction. Each bladder was stored in a vial containing 
10% formalin and was divided into four quadrants. 
A fragment was collected from each quadrant, thus 
yielding four samples per bladder. When more than 
one tumour was detected in a quadrant, a fragment was 
collected from each tumour mass. In quadrants where 
there were no visible lesions, a random fragment was 
collected from the centre of the quadrant.

After removal, the samples were stored in 
plastic cassettes and underwent routine histological 
processing for paraffin embedding. Three-micrometre-
thick histological sections were then prepared using a 
microtome and placed on histological slides. The mate-
rial was stained using the Hematoxylin-Eosin (HE) and 
Weigert’s resorcin-fuchsin staining methods [17,54]. 
After staining, the slides were dehydrated and mounted.

Bladder morphometry

The material stained using the HE method 
underwent a general assessment of the morphological 
changes and classification of the lesions, which were 
classified as neoplastic or non-neoplastic, following the 
methodology described by Peixoto et al. [30]. 

The morphometric analysis was performed 
using a microscope coupled to an eyepiece camera 
Dino Lite & Dino Eye1 and the image analysis program 
DinoCapture1 2.0. The thickness of the urothelium was 
measured from the basement membrane to the apex of 
the epithelium. A total of 10 measurements were per-
formed along each sample, and the final thickness was 
established by taking the mean of all 10 measurements. 
The measurements were expressed in micrometers.

After compiling the data, analysis of variance 
(ANOVA) followed by a t-test at a 5% significance level 
were used to determine the significance of the results.

Bladder vasculature

Microscopically, the lesions were differenti-
ated as neoplastic or non-neoplastic, and the vascular 
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changes were characterized as vascular proliferation, 
ectasia, dilation and thickening according to the meth-
odology described by Oliveira [28].

The material stained using the Weigert’s 
resorcin-fuchsin method was used to evaluate sclero-
sis and the vascular fibroelastosis grade according to 
the classification described by Inoue et al. [20]. Ten 
arterioles in each sample were evaluated using a 40x 
objective. A score was provided for the fibroelastosis 
grade for each arteriole, and at the end of the analy-
sis, the mean value of ten arterioles was calculated to 
achieve an adequate classification.

All the data obtained during the experiment 
were compiled and analyzed using descriptive statisti-
cal analysis. For each variable studied, the nonparamet-
ric Mann-Whitney statistical test was applied, adopting 
a 5% significance level.

Expression of metalloproteinase-2

Bladder samples that showed signs of neo-
plasm in the HE is staining were used for immunohis-
tochemistry using a clone 42-5D11 anti-human MMP-2 
monoclonal antibody2.

For this procedure, the slides were initially 
immersed in 70% alcohol, dried and then immersed in 
a poly-L-lysine-based liquid glue. Three-micrometre-
thick histological sections were sectioned using a ro-
tary microtome, and the slides were then incubated in 
an oven at 60°C for 24 h to fix the tissue to the slides. 
The slides were deparaffinised, and the sections were 
then hydrated and treated with 1:9 hydrogen peroxide 
in methanol solution for 10 min to block any endog-
enous peroxidase activity.

For antigen retrieval, a 10 mM citrate buffer 
solution, pH 6.0, was applied to the material, which 
was then placed in an autoclave at maximum power and 
incubated for 20 s after the pressure reached 1 atm. The 
material was then cooled to room temperature. After 
this procedure, the samples were washed with Trizma3 

pH 7.4, and blocked against nonspecific protein bind-
ing using 3% Molico4 powdered milk dissolved in Tris 
buffer for one hour. 

The primary antibody incubation step was 
performed by diluting the antibody in Tris buffer con-
taining 1% bovine serum albumin and then incubating 
the sample in a humid chamber for 18 h at 4°C. The 
following day, the slides were washed in a Tris solution 
and incubated with the secondary antibody for 30 min 
at room temperature. The slides were again washed in a 

Tris solution and incubated with a Novolink Max Poly-
mer Detection System5 according to the manufacturer’s 
instructions. The slides were then washed again with a 
Tris buffer and treated with a 3,3’-diaminobenzidine, 
DakoCytomation K34666, solution for three minutes 
at room temperature for visualisation of the reaction. 
The sections were then counterstained with Harris’ 
hematoxylin for 15 min, and next, the slides were 
washed in running water for 10 min, dehydrated and 
mounted in synthetic resin.

The processed slides were analysed for MMP-2 
immunostaining with the anti-MMP-2 antibody. For 
the slides that exhibited staining, the staining inten-
sity was evaluated and scored as mild, moderate or 
intense. The types of cells that were stained with the 
anti-MMP-2 antibody were also evaluated.

After compiling the data, the non-parametric 
chi-squared statistical test was used to analyze the 
results, followed by a contingency test, adopting a 5% 
significance level. 

RESULTS

All 40 samples selected during the collection 
process exhibited macroscopic lesions that were clas-
sified as petechiae, papillomatous lesions, haemangio-
matous lesions, plaques or whitish depressed lesions. 
More than one type of macroscopic lesions can be 
found in a single bladder.

Microscopically, non-neoplastic lesions found 
in the urothelium included clear cell metaplasia, 
dysplasia, hyperplasia, haemorrhage, cystitis cystica 
and Brunn’s nests. The following abnormalities were 
observed in the lamina own: inflammation, vascular 
proliferation, haemorrhage, vascular ectasia, vascular 
dilation and vascular thickening. These non-neoplastic 
lesions were observed in all the bladders tested, includ-
ing the neoplastic bladders. Non-neoplastic lesions 
are often observed in the bladders of cattle with BEH.

The microscopic evaluation of the bladders made 
it possible to characterise the different types of neoplasms 
present in these samples. The following neoplasms were 
found among the neoplastic bladder samples: haeman-
gioma, myxoma, transitional cell carcinoma, adenocar-
cinoma, in situ carcinoma and haemangiosarcoma.

The morphometric analysis of the bladder epi-
thelium of the non-neoplastic bladders revealed that its 
average height was 116.360 µm in quadrant A, 120.749 
µm in quadrant B, 99.684 µm in quadrant C and 105.944 
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µm in quadrant D. In four of the quadrants, it was not 
possible to measure the thickness of the epithelium due to 
the loss of the epithelium during histological processing. 
Figure 1 shows some of the morphological changes ob-
served in the bladders and the epithelium measurements.

The morphometric analysis of bladder epithe-
lium from neoplastic bladders showed that the mean 
height was 186.436 µm in quadrant A, 168.927 µm in 
quadrant B, 198.390 µm in quadrant C and 164.820 
µm in quadrant D. Figure 2 illustrates one of the types 
of neoplasms observed in the bladders and shows the 
epithelium measurements of the samples.

The statistical analysis revealed that the urothe-
lium thickness in each bladder did not differ between the 
quadrants, i.e., the mean epithelial thicknesses of quad-
rants A, B, C and D of the same bladder were similar. 
This was observed in both bladders without neoplasms 
(P = 0.599) and bladders with neoplasms (P = 0.8321). 

A comparative evaluation of the mean epithe-
lial thickness between bladders by quadrant revealed 
that there was a difference in the urothelium thickness 
for bladders with neoplasms and those without neo-
plasms (P < 0.05). The results are shown in Table 1.

Upon evaluating the difference between the 
epithelium thickness of a neoplastic bladder and a 
non-neoplastic bladder, regardless of quadrant, a sig-
nificant difference was observed (P = 0.0001). The 
mean thickness of the bladders without neoplasms was 
104.5391 µm, whereas the mean thickness for bladders 
with neoplasms was 179.643 µm.

The evaluation of the vasculature of the urinary 
bladder without neoplasms revealed that 100% of 
the samples exhibited vascular proliferation, 57.14% 
exhibited ectasia, 92.86% exhibited dilation and 50% 
exhibited vascular thickening. In bladders with neo-
plasms, 100% of the samples exhibited vascular pro-
liferation, 33.33% exhibited ectasia, 91.67% exhibited 
dilation and 83.33% exhibited vascular thickening.

The Mann-Whitney statistical tests used to find 
correlations between the types of vascular changes 
in neoplastic and non-neoplastic bladders revealed 
significant differences for the variables vascular pro-
liferation and thickening. In non-neoplastic bladders, 
the values for vascular proliferation (P = 0.0037) and 
vascular thickening (P = 0.0007) were lower than those 
in neoplastic bladders. There were no significant dif-
ferences for the parameters dilatation (P = 0.4735) and 
vascular ectasia (P = 0.6083).

Vascular changes were very evident in the 
bladders of animals with haematuria and were found 
in both neoplastic and non-neoplastic samples. The 
present study showed a prevalence of vascular prolif-
eration and dilatation in the bladders examined. This 
finding suggests that in animals with haematuria, these 
lesions are common and cause the intermittent loss of 
blood and, hence, the death of the animals by anaemia. 

The analysis of the fibroelastosis grade re-
vealed that 57.5% (23/40) of the samples were classi-
fied as Grade I, 10% (4/40) as Grade II, 2.5% (1/40) 
as Grade III and none as Grade IV fibroelastosis. In 
30% (12/40) of the bladders, there were no observable 
forms of fibroelastosis. There was a significant differ-
ence (P < 0.0001) in the fibroelastosis grade between 
the neoplastic and non-neoplastic bladders, i.e., the 
fibroelastosis grade was higher in the neoplastic blad-
ders than in the non-neoplastic bladders.

Figure 3 illustrates the vascular changes and 
the fibroelastosis grade observed in the bladders of 
animals with enzootic haematuria. In all the neoplastic 
samples evaluated, 100% were positive for MMP-2, 
although the staining intensity differed between the 
different types of neoplasms (Figure 4).

In this study, an irregular staining intensity of 
the neoplastic tissue was observed. In the adenocarci-
nomas, mild staining was observed in 2/6 (33%) of the 
samples, moderate staining in 1/6 (17%) and intense 
staining in 3/6 (50%). In the transitional cell carcino-
mas, mild staining was observed in 3/8 (37.5%) of the 
samples, 3/8 (37.5%) exhibited moderate staining and 
2/8 (25%) exhibited intense staining. In the two samples 
of in situ carcinomas evaluated, 100% exhibited intense 
staining. In the myxomas, 1/4 (25%) of the samples ex-
hibited mild staining, and 3/4 (75%) exhibited moderate 
staining, whereas no samples exhibited intense staining. 
In the haemangiomas, 10/12 (83.3%) of the samples 
exhibited moderate staining, 2/12 (16.7%) exhibited 
intense staining and none of the samples exhibited mild 
staining. For the haemangiosarcoma, 1/1 (100%) of the 
samples exhibited moderate staining.

The statistical analysis indicated that there was a 
significant increase (P < 0.05) in the expression of MMP-
2 in the neoplasms of mesenchymal origin compared to 
the neoplasms of epithelial origin. Regarding the mild, 
moderate and severe staining intensities, regardless of the 
type of neoplasm, moderate staining was significantly dif-
ferent compared to the other staining intensities (P < 0.05).
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DISCUSSION

As mentioned before, macroscopic lesions in 
addition to haematuria, polypoid lesions and raised 
lesions [41], wall thickening, papillomatous lesions 
and petechiae [15] and haemorrhagic lesions, such 
as petechiae and ecchymosis, are frequently seen, 
and haematuria may be associated with these vascu-
lar lesions and not be exclusively a consequence of 
neoplasia. It is believed, however, that the existence 
of different lesions is likely associated with different 
types of neoplasms in bladders. Tumours vary in their 
macro and microscopic appearance, which leads to 
morphological differences between the samples. 

Several studies report a large variety of non-
neoplastic microscopic findings in BEH. There are 
reports of hyperplasia and metaplasia, as well as 
vascular proliferation, inflammation, haemorrhage, 
vascular ectasia, dysplasia, cystic cystitis and Brunn’s 
nests [30,40]. Metaplasia and atypia have also been 
reported than in buffalo raised on pastures with bracken 
[22]. This variety of findings indicates the possibility 

of the involvement of other factors concomitant with 
BEH. Epithelial hyperplasia and metaplasia, for ex-
ample, may be the result of damage caused by bovine 
papilloma virus type 2, in which BPV-2 infection can 
act synergistically with cancerous compounds in the 
bracken, thus contributing to the generation of different 
lesions in the bladder [34].

The data from the microscopic evaluation 
of the bladders are consistent with the observations 
described in the literature [30,39]. Among the neo-
plastic bladder samples, between one and four types 
of neoplasms were found in the same sample. Studies 
show that bladder tumours are common in animals with 
BEH and that neoplasms have different microscopic 
classifications [18,32]. It is believed that the bladder 
has the capacity to generate various types of neoplasms 
due to the different histological components of the 
bladder, thus enabling it to generate both mesenchymal 
and epithelial lesions. In our study, we observed the 
coexistence of non-neoplastic and neoplastic lesions, a 
phenomenon that has been previously reported [22,30].

Regarding the distribution of neoplasms in each 
region of the bladder of cattle with BEH, a higher oc-
currence of neoplasms has been reported in quadrants C 
and D (caudal) than in quadrants A and B (cranial) [38]. 
However, only the presence or absence of neoplastic le-
sions in each quadrant was considered, differently from 
what was done in our study, which performed random 
measurements. The collection of ten measurements of 
epithelial height in this study along the entire length 
of each sample of the bladder allowed to calculate an 
average and, therefore, this value does not express the 
exact measurement of the area affected by the neoplasm.

Figure 1. Photomicrograph of a bovine bladder, sample P244/10A, illustrat-
ing dysplasia and hyperplasia of the bladder epithelium and the epithelium 
measurements of the sample [HE; 10x].

Figure 2. Photomicrograph of bovine bladder, sample P241/10A, illustrat-
ing a transitional cell carcinoma lesion and epithelium measurements of 
the sample [HE; 10x].

Table 1. Mean thicknesses of the quadrants of neoplastic 
and non-neoplastic bladders (expressed in µm) and the dif-
ferences between the quadrants according to a t-test at a 
0.05% significance level.

Quadrant Mean thickness [µm] P [unilateral]

Non-neoplastic Neoplastic

A 116.3605 186.436 0.0089

B 120.7498 168.9269 0.0216

C 99.6836 198.3903 0.019

D 105.9441 164.8201 0.0036
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monly found in the bladder and although spontaneous 
development of this type of neoplasm is normally rare 
in cattle, its prevalence is high in areas with BEH [24].

Thus, it is possible to infer that the irregularity 
with which neoplastic lesions develop throughout the 
bladder tissue in animals with BEH does allow for the 
occurrence of both areas with significant cell prolifera-
tion and areas with less cell proliferation or even areas 
with no neoplastic lesion in the same sample, which 
therefore results in a low epithelium height. In addition, 
various tumour types also result in different urothelium 
measurements. In this study, several samples displayed 
neoplasms in more than one quadrant, and this finding 
may possibly explain the greater homogeneity of the 
measurement values.

Ultrasonographic images of the bladders of 
animals with neoplasms confirm this characteristic of 
neoplastic growth, since the image generated during 
the examination shows an irregular mass along the 
bladder wall [24]. The samples used in this study were 
randomly collected, and there was no clear pattern 
regarding the presence of neoplasms, i.e., neoplasms 

Figure 3. Photomicrograph of a bovine bladder with enzootic haematuria, revealing different fibroelastosis grades [Weigert’s resorcin-fuchsin staining; 
20x]. A- Arteriole without fibroelastosis (sample P454/10). B- Arteriole with ectasia and Grade I fibroelastosis (sample P456/10). C- Arteriole with Grade 
II fibroelastosis (sample P226/10). D- Arteriole with Grade III fibroelastosis in the intratumoural vasculature of an adenocarcinoma (sample P229/10).

Figure 4. Photomicrograph of a bovine bladder with enzootic haematuria, 
revealing positive staining for MMP-2 in epithelial cells (arrowhead) and 
fibroblasts (arrow)  [Immunohistochemical staining MMP-2 (1:200); 40x]. 
(sample P241/10).

It is worth noting that among the common types 
of neoplasms in animals with BEH, there were various 
patterns of cell growth, which contributes to the differ-
ences in thickness observed in the urothelium of these 
animals. Tumours with both exophytic and endophytic 
characteristics have been observed [22]. Transition cell 
carcinoma, for example, is a neoplasm that is more com-
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were distributed in all of the quadrants and were not 
more frequently observed in a specific quadrant, as 
assessed by the morphometric analysis.

Although the bladders without neoplastic 
changes analysed herein exhibited other types of 
lesions, such as dysplasia and hyperplasia, the cell 
proliferation observed in bladders with neoplasms 
resulted in a thicker epithelium in these bladders. This 
finding can be explained by the fact that cell growth 
occurs much faster in neoplastic processes than in 
normal tissue [24].

The thickness of the urothelium was greater in 
all the quadrants with neoplasms compared to the quad-
rants without neoplasms. These data suggest that it is 
possible to achieve an early diagnosis of BEH with the 
use of more detailed imaging diagnostic techniques by 
identifying changes in the urothelium thickness. These 
data confirm that the diagnosis of this disease can be 
made before the onset of clinical signs, analysing the 
contours and thickness of the bladder wall through 
ultrasound examination [19]

Upon evaluating the difference between the 
epithelium thickness of a neoplastic bladder and a non-
neoplastic bladder, regardless of quadrant, a significant 
difference was observed. The mean thickness of the 
bladders without neoplasms was 104.5391 µm, whereas 
the mean thickness for bladders with neoplasms was 
179.643 µm. Therefore, it is possible to differenti-
ate between the abnormal cell growth in neoplastic 
samples and the normal tissue found in non-neoplastic 
tissue using morphometric analyses. Although it cannot 
provide a definitive diagnosis, changes in the urothelial 
thickness are indicative of the type of lesion observed 
(neoplastic or non-neoplastic).

Bladder vasculature

The evaluation of the vasculature of the urinary 
bladder, was observed vascular endothelial neoplasms in 
cattle with BEH that formed projections in the bladder 
mucosa [41]. Oedema, haemorrhage and multifocal lym-
phoplasmacytic infiltrates were frequently observed in the 
bladder mucosa (haemorrhagic cystitis) of these animals. 
Therefore, these authors suggested that neoplasms of di-
verse histogenesis are responsible for chronic haematuria 
and consequent anaemia, accompanied by the loss of the 
epithelial lining integrity of the bladder mucosa.

Moreover, the vascular changes described in 
cases of BEH may cause bleeding in the bladder wall 
or lumen, and haemangiomatous changes can develop 

in these areas. Such changes lead to macrohaematuria, 
which occurs in some cases without the development 
of neoplastic lesions [26].

The vascular proliferation and thickening were 
significant in bladders with neoplasms, which may be 
explained by the fact that tumours require an extensive 
vascular supply. In addition, many tumours release vas-
cular growth factors and promote neovascularisation.

Fibroelastosis in humans is common in the 
endocardium and is known as endocardial fibroelas-
tosis (EFE). EFE behaves as a cardiomyopathy and is 
characterised by endocardial thickening that leads to 
decreased ventricular volume and consequent heart 
failure [27]. In mares, fibroelastosis has been detected 
in animals with endometriosis and its prevalence is 
related to the increasing age of these animals [20]. In 
the present study, fibroelastosis was more severe in 
bladders with neoplasms; however, to date, there have 
been no reports of these changes in animals with BEH.

Studies examining the tumor vasculature 
are relevant and many show correlations between 
intratouroural microvessel density (MVD), levels of 
vascular endothelial growth factor (VEGF) and the 
incidence of metastases and/or patient survival in a 
variety of cancers, including bladder cancer [35,44]. 
The growth and metastasis of solid tumours relies on 
their ability to initiate and sustain the growth of new 
blood vessels, i.e., angiogenesis [27]. Thus, the study 
of the bladder vasculature is increasingly important 
and may aid in tumour progression studies.

Several studies have demonstrated the expres-
sion of MMP-2 in tumour samples. In canine breast 
carcinomas, an increase in MMP-2 and MT1-MMP 
was observed [29]. The expression of MMP-2 has also 
been described in neoplastic cells and/or stromal cells 
of cervical carcinomas [12], as well as in stroma of 
colorectal carcinomas and in squamous cell carcinomas 
of the tongue [8,48].

An unresolved issue in cancer biology is the 
spatio-temporal expression of MMPs in tumours and 
their significance in cancer progression [10]. To aid in 
determining the role of MMPs in the invasiveness of 
bladder cancer, a study using an MMP-2 blocking anti-
body, allowed the observation of a 50% to 60% reduction 
in tumour invasion compared to a control group [21].

As for the localisation of MMP-2 in the tu-
mour samples, the cell types that showed positive 
MMP-2 staining were epithelial cells, fibroblasts, 
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endothelial cells and smooth muscle cells. MMPs 
were observed with variable frequency in ductal cells, 
muscle fibres, sebaceous glands and collagen fibres 
[2]. Fibroblasts and endothelial cells were stained in 
some regions, with intense expression in the areas 
undergoing angiogenesis [6].

Significant variation in staining intensity has 
been reported when evaluating MMP-2, MMP-9, 
TIMP-1 and TIMP-2 in basal cell carcinomas where 
strong immunostaining of these antigens was seen more 
frequently in the adjacent epidermis than in the tumour 
itself [33]. It has also been reported that the intensity of 
staining and the proportion of cells that express metal-
loproteinases, including MMP-2, are heterogeneous [2], 
which is consistent with the results of the present study.

The statistical analysis indicated that there was 
a significant increase in the expression of MMP-2 in 
the neoplasms of mesenchymal origin compared to 
the neoplasms of epithelial origin. This result could be 
based on the fact that MMP-2 plays an important role 
in angiogenesis, tumour progression and the metastatic 
spread of cancer [4,29,35,45] and that its increased 
expression has been observed in various types of ma-
lignant tumors [9,42,45,47].

Regarding the mild, moderate and severe stain-
ing intensities, regardless of the type of neoplasm, 
moderate staining was significantly different compared 
to the other staining intensities. In a study with 30 
squamous cell carcinoma specimens, 60% exhibited 
some degree of positivity for MMP-2, and in 30% of 
cases, this staining was considered moderate or intense 
[2]. Similar results in which 39.5% and 34.1% of the 
respective samples exhibited moderate or intense im-
munoreactivity for MMP-2, was reported [7,16]. In 
the papillary carcinomas the reactivity of MMP-2 was 
weak in one case, moderate in 10 cases and strong in 
nine cases [7]. The three cases of Hurthle cell carci-

noma showed moderate immunostaining. However, 
in the human serum with urothelial bladder carcinoma 
and was found that high serum levels of VEGF-D and 
low level of MMP-2 predicted lymph node metastases 
at the time of radical cystectomy [3].

Given the low number of samples with a given 
type of neoplasm and the heterogeneity of the staining 
in the different types of neoplasms, it was not possible 
to establish any relationship between the MMP-2 ex-
pression and tumour malignancy.

CONCLUSION

We conclude that the urothelium of animals 
with bovine enzootic haematuria presents differ-
ent non-neoplastic and neoplastic lesions that cause 
thickening of the bladder wall. Vascular proliferation, 
fibroelastosis and MMP-2 expression were higher in 
neoplastic lesions. However, MMP-2 expression was 
higher in mesenchymal neoplasms.
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