& frontiers | Frontiers in

@ Check for updates

OPEN ACCESS

EDITED BY
Micaela Sgorbini,
University of Pisa, Italy

REVIEWED BY
Vincenzo Miragliotta,

University of Pisa, Italy

Dipak Kumar Sahoo,

lowa State University, United States

*CORRESPONDENCE
Carlos Eduardo Fonseca-Alves
carlos.e.alves@unesp.br

SPECIALTY SECTION
This article was submitted to
Comparative and Clinical Medicine,
a section of the journal

Frontiers in Veterinary Science

RECEIVED 04 July 2022
ACCEPTED 20 September 2022
PUBLISHED 10 October 2022

CITATION

Govoni VM, Pigoli C, Brambilla E, Ruiz
Sueiro FA, Torres Neto R,
Laufer-Amorim R, Gomes Quitzan J,
Grieco V and Fonseca-Alves CE (2022)
Caveolin-1, GATA-3, and Ki67
expressions and their correlation with
pathological findings in canine bladder
urothelial carcinoma.

Front. Vet. Sci. 9:986269.

doi: 10.3389/fvets.2022.986269

COPYRIGHT
© 2022 Govoni, Pigoli, Brambilla, Ruiz
Sueiro, Torres Neto, Laufer-Amorim,
Gomes Quitzan, Grieco and
Fonseca-Alves. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiersin Veterinary Science

TYPE Original Research
PUBLISHED 10 October 2022
Dol 10.3389/fvets.2022.986269

Caveolin-1, GATA-3, and Ki67/
expressions and their correlation
with pathological findings in
canine bladder urothelial
carcinoma

Veronica Mollica Govoni?, Claudio Pigoli?,
Eleonora Brambilla®, Felipe Augusto Ruiz Sueiro?,
Rafael Torres Neto®, Renee Laufer-Amorim¢,
Juliany Gomes Quitzan?, Valeria Grieco® and
Carlos Eduardo Fonseca-Alves’*

!Department of Veterinary Surgery and Animal Reproduction, School of Veterinary Medicine and
Animal Science, Sdo Paulo State University — UNESP, Botucatu, Brazil, ?Laboratorio di Istologia, Sede
Territoriale di Milano, Istituto Zooprofilattico Sperimentale della Lombardia e dell'Emilia Romagna
(IZSLER), Milan, Italy, *Department of Veterinary Medicine and Animal Sciences, Universita degli
Studi di Milano, Milan, Italy, “VetPat Laboratory, Campinas, Brazil, °VetMol Laboratory, Botucatu,
Brazil, °*Department of Veterinary Clinic, School of Veterinary Medicine and Animal Science, Sdo
Paulo State University — UNESP, Botucatu, Brazil, ’Institute of Health Sciences, Paulista University —
UNIP, Bauru, Brazil

The bladder urothelial carcinoma (UC) represents ~2% of malignant neoplasms
in dogs and is a therapeutic challenge in veterinary medicine. Although
it is considered the most common bladder cancer in dogs, few previous
studies have investigated different markers that correlate with clinical and
pathological parameters. Therefore, this study aimed to evaluate Caveolin-
1, GATA-3, and Ki67 immunostaining in canine UC samples to evaluate
their correlations with histopathological variables. Thirty tumor samples were
obtained, and Caveolin-1, GATA-3, and Ki67 expression was assessed by
immunohistochemistry and associated with pathological factors by univariate
and multivariate analyses. Among the histopathological findings, lymphatic
invasion was identified in 53.33% of the tumors, and the mean mitotic
count (MC) was 31.82 + 26.26. Caveolin-1 showed mild-to-high cytoplasmic
expression in neoplastic cells, whereas GATA-3 showed mild-to-high nuclear
expression. The Ki67 expression revealed a mean of 24.14 + 16.88% positive
cells. In the univariate analysis, no association was found between each marker
and the pathological findings. On the other hand, in multivariate analysis,
we identified a positive correlation between GATA-3 and MC and a negative
correlation between Caveolin-1 and MC. Moreover, lymphatic invasion was
positively correlated with histological type and grade, and negatively correlated
with MC. In addition, the histological type was positively correlated with the
histological grade. Overall, our results indicate that Caveolin-1 and GATA-3
expression could be promising markers for bladder UC aggressiveness.
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Introduction

Urothelial carcinoma (UC) represents 1.5-2% of naturally-
occurring cancers in dogs, and due to the similarities between
the dog and human diseases, the canine muscle-invasive bladder
tumor has been used as a study model for the human disease
(1-4). Although invasive bladder UC is lethal in 50% of
cases in humans (1), ~70% of patients have a non-invasive
bladder tumor (5, 6). In contrast, the disease in dogs is mainly
represented by the invasive form (4), and the majority of canine
UC is located in the vesical trigone (1, 4). Due to these factors,
the treatment of bladder tumors in dogs is challenging, and most
patients are treated with chemotherapy.

Gambim et al. (7) performed a meta-analysis of literature on
biomarkers for canine UC and demonstrated a lack of markers
for this tumor subtype. Previous studies that investigated
biomarkers have usually described the marker expression
pattern with no association with clinical and pathological factors
(8). Therefore, little is known about factors associated with UC
aggressiveness, progression, and invasion (7). Gambim et al.
(7) also found previous studies with transcriptomic data and
performed in silico analysis to identify potential biomarkers for
canine UC. Among these biomarkers, Caveolin-1 and GATA-
binding protein 3 (GATA-3) were identified as promising
markers of tumor aggressiveness.

Caveolins are plasma membrane proteins that regulate
complex intracellular signaling pathways related to cancer
progression (9). Caveolin-1 is an important signaling protein
that has been associated with several cancers, and its
overexpression is associated with cancer progression and
resistance to therapies (9-12). Caveolin-1 expression has also
been investigated for human UC, both in the bladder and
the upper urinary tract, and correlated with clinicopathological
factors and cancer progression (9, 10). This protein is involved
in several cellular biological processes such as endocytosis,
vesicular transport, and signaling pathways (11, 12). In
veterinary medicine, no studies have investigated the predictive
value or the possible association between Caveolin-1 expression
and clinicopathological variables in canine bladder UC.

GATA-3 is a zinc finger transcription factor that is mainly
involved in the differentiation and cell specification processes
of tissues such as the urothelium and breast epithelium (13,
14). Tt has been studied as a marker for human UC, both
related to diagnosis and clinicopathological factors, such as
histological grade, histological type, and staging, to investigate
its role as a predictor of the behavior of this tumor type
(15-17). Although it is one of the most important markers
for urothelial differentiation, to the best of our knowledge,
no previous study has investigated GATA-3 expression in
canine UC.

The Ki67 is an example of a biomarker widely used in
both human and veterinary oncology to establish prognostic
estimates, either alone or in association with other markers (6,
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18). Protein Ki67 expression is an indicator of cell proliferation
within a population of cells (19). This expression has already
been evaluated in canine cancers, such as lymphoma, melanoma,
mast cell tumors, and mammary tumors (18, 20-22). Regarding
bladder UC, several studies in humans have shown that Ki67
is an important factor to consider in the prognosis and tumor
behavior related to disease progression and histological grade
(6,23-27). In veterinary medicine, to the best of our knowledge,
only one study has investigated the expression of Ki67 in canine
bladder UC, with no statistically significant correlation between
this marker and clinicopathological findings (28), showing the
importance of studies related to Ki67 for this tumor type, and
associating it with histopathological features.

Thus, this study aimed to evaluate Caveolin-1, GATA-3, and
Ki67 expression in canine UC samples and correlate this with
pathological variables.

Materials and methods

Ethic statement

This study was approved by the Institutional Ethics
Committee on the Use of Animals in Research from Sio Paulo
State University- UNESP (Protocol 50/2020). All owners signed
an informed consent form, allowing the use of the patient’s
samples in the research.

Study design

This retrospective non-randomized study included 30
canine UC samples conferred to the VetPat Laboratory
(21 cases) and the University of Milan (9 cases) between
January 2000 and June 2019. The inclusion criteria were
as follows: (i) patients who underwent tissue biopsy or
surgical procedures to acquire tissue samples, (ii) availability
of tissue samples in paraffin blocks for immunohistochemistry,
and (iii) clinicopathological information. Clinical data were
obtained from the records of each animal and the following
histopathological parameters were evaluated: histological type
and grade, muscle invasion, lymphatic invasion, and mitotic
index. Samples whose material was insufficient to determine
the histological type (infiltrating or not infiltrating) or
that presented negative internal controls for the markers
were excluded.

Histological analysis
Hematoxylin and eosin staining was performed for tumor

classification. The histological subtypes were obtained by three
evaluators (VMG, VG, and RL-A) according to the criteria
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proposed by the World Health Organization (23, 29), and
histological grading was performed according to Valli et al. (30).
In addition, the presence or absence of tumor infiltration in the
muscle layer of bladder and the presence or absence of lymphatic
invasion was reported. Mitotic count was obtained by counting
the total number of cells undergoing mitoses with high mitotic
activity, totaling an area of 2.37 mm? (400x magnification),
according to Romansik et al. (31).

Immunohistochemical analysis

Ki67 immunoexpression

From each formalin-fixed and paraffin-embedded sample,
5 pm-thick sections were cut. Histological sections were
deparaffinized and rehydrated using graded alcohols, and
endogenous peroxidase activity was blocked for 30 min in a
0.3% HO, methanol solution. Heat-induced antigen retrieval
was performed using a pressure cooker for 20 min in a citrate
buffer (pH 6.0). After washing in Tris-buffer, protein blocking
was performed using normal horse serum for 30 min at 25°C.
Sections were then incubated with a mouse anti-human Ki-67
primary antibody (MIB-1; Dako, CA, USA) diluted 1:600 in
Tris buffer for 18h at 4°C. After rinsing sections in Tris
buffer, slides were incubated with a biotinylated horse anti-
mouse secondary antibody (Vector Laboratories, CA, USA) for
30 min at 25°C. Immunohistochemical signals were detected
using an avidin-biotin system (Vector Laboratories, CA, USA)
and 3-amino-9-ethylcarbazole (AEC) substrate-chromogen kit
(Vector Laboratories, CA, USA). Sections were counterstained
with Harris hematoxylin and mounted using an aqueous
mounting medium (Aquatex, Sigma-Aldrich, MO, USA). The
Ki-67 value was expressed as the percentage of positively
stained cells, calculated by counting 1,000 cells per section
(400 x magnification).

GATA-3 and Caveolin-1 immunoexpression
Samples were processed similarly to the Ki67 marker and
were submitted to the antigenic retrieval procedure: Caveolin-
1 in citric acid solution (pH 6.0) in a pressure cooker, and
GATA-3 in a high pH buffer solution (EnVision Flex, High pH,
Dako, CA, USA) in water bath at 98°C for 30 min. Endogenous
peroxidase was blocked with 0.5% H»O; methanol solution for
20 min; and later with diluted powdered milk (3 g in 100 ml) at
25°C for 1h. The slides were incubated in a humid chamber
with the primary antibodies, including anti-human monoclonal
mouse GATA-3 (1:100, L50-823, Biocare Medical, CA, USA),
and CAV1 anti-human polyclonal (1:1,000, AVARP09019_T100,
Aviva Systems Biology, CA, USA). After washing with Tris-
buffer, the sections were incubated with the secondary antibody
(EnVision Flex SM802, Dako, CA, USA) at 37°C for 1h,
and the immunohistochemical signal was detected using a
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diaminobenzidine solution (DAB Chromogen Kit, Dako, CA,
USA). Counterstaining was performed with Harris hematoxylin.

The expression of Caveolin-1 was analyzed semi-
quantitatively using the criteria intensity of labeling from
1 to 3 and tumor staining distribution from 1 to 4 (1 = 1-25%,
2 = 26-50%, 3 = 51-75%, 4 > 75%). The intensity and
distribution values were then multiplied, resulting in a value
from 1 to 12, which was representative of the expression of this
marker. The expression of GATA-3 was analyzed quantitatively,
and its value was expressed as the percentage of positively
stained cells calculated by counting 1,000 cells per section

(400 x magnification).

Statistical analysis

The pathological variables were tabulated, and prevalence
was calculated as the percentage of occurrence among all cases.
In this case, the results were presented as means and standard
deviations. The biomarker values and histopathological
information were associated in univariate analysis using the
Student’s t-test or Mann-Whitney test when the pathological
variable was composed of two groups, or the Kruskal-Wallis test
when the variable was composed of three groups. Multivariate
analysis was performed to correlate all variables using
Spearman’s correlation test. The correlation coefficients (r)
were interpreted according to Pett, Lackey, and Sullivan (32),
dividing the classifications into weak (0-0.29), low (0.3-0.49),
moderate (0.5-0.69), strong (0.7-0.89), or very strong (0.9-1.0);
whether they are positive or negative. No weak correlation
was observed.

The muscular invasion variable was not considered in
the tests because of the small number of patients with this
information. The software used was GraphPad Prism v 8.0.1

(GraphPad Software Inc., La Jolla, CA, USA).

Results

Clinicopathological and
immunohistochemical data

Thirty UC samples were obtained, and clinicopathological
information is presented in Table 1. All samples were classified
for the histological type, divided into papillary and infiltrating
(60%) and non-papillary and infiltrating (40%), with the invasive
characteristics being observed in all cases. The histological grade
IT was observed in 63.33% of the cases, followed by grade III
(30.01%), and grade I (6.66%) (Table 1). Of the 30 bladder
tumors, 20 presented with all layers for histological evaluation
of muscle invasion. Of these complete samples, 50% already
had some infiltration of the bladder muscle layer. In addition,
all 30 tumor samples were evaluated for lymphatic invasion,
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TABLE 1 Clinicopathological and immunohistochemical data.

Case  Sex Age  Histologic classification Histologic Sample Muscular Lymphatic invasion Mitotic Ki67 Caveolin-1  Gata-3  Survival
(years) (WHO, 2004) grade withall invasion count % (days)
(30) layers (mc)
1 Male 11 TCC Papillary and infiltrating 11 Yes Yes PRESENT AND EXTENSIVE 2 6.05% (3x3)=9 51.70 90
2 Female 15 TCC Papillary and infiltrating 11 No NI ABSENT 39 40.20% (4x3)=12 35.75 NI
3 Female 14 TCC Papillary and infiltrating 11 No NI ABSENT 4 25.09% 2x3)=6 70.24 101
4 Female 5 TCC Papillary and infiltrating 11 Yes No PRESENT 24 45.91% (4x3)=12 91.64 NI
5 Female 10 TCC Non-papillary and infiltrating 11 Yes Yes PRESENT AND EXTENSIVE 27 30.80% 2x1)=2 87.04 130
6 Female 7 TCC Papillary and infiltrating I No NI ABSENT 28 42.72% 1x1)=1 23.32 NI
7 Female 15 TCC Papillary and infiltrating 11 No NI PRESENT 17 20.33% (4x3)=12 66.94 NI
8 Female 8 TCC Non-papillary and infiltrating I Yes No ABSENT 120 76.34% 2x2)=4 90.96 NI
9 Female 14 TCC Non-papillary and infiltrating I Yes Yes ABSENT 7 3.48% 2x2)=4 88.18 NI
10 Female 7 TCC Papillary and infiltrating I Yes No PRESENT 22 33.33% (B3x2)=6 70.28 NI
11 Female 15 TCC Papillary and infiltrating I No NI ABSENT 81 27.98% (Ix2)=2 87.21 NI
12 Female 10 TCC Papillary and infiltrating I No NI PRESENT 12 35.66% (B3x2)=6 75.28 NI
13 Male 11 TCC Non-papillary and infiltrating I Yes Yes PRESENT 7 34.40% (4x3)=12 77.61 60
14 Female 12 TCC Non-papillary and infiltrating I Yes No PRESENT AND EXTENSIVE 78 54.97% (Ix2)=2 87.37 NI
15 Female 13 TCC Papillary and infiltrating I No NI PRESENT 31 10.33% (1x2)=2 80.51 NI
16 Male 10 TCC Non-papillary and infiltrating 111 Yes Yes PRESENT AND EXTENSIVE 66 14.25% 2x2)=4 71.04 180
17 Female 10 TCC Non-papillary and infiltrating 111 No NI PRESENT 51 16.27% (Ix2)=2 88.30 NI
18 Female 8 TCC Non-papillary and infiltrating 111 Yes Yes PRESENT AND EXTENSIVE 12 33.38% (Bx2)=6 89.04 NI
19 Female 12 TCC Non-papillary and infiltrating 111 Yes No PRESENT 21 24.48% (4x3)=12 66.86 NI
20 Female 13 TCC Papillary and infiltrating 1II Yes No ABSENT 22 29.53% (1x2)=2 58.42 201
21 Male 15 TCC Non-papillary and infiltrating I Yes No PRESENT 22 11.69% (Bx2)=6 70.35 NI
22 Male 10 TCC Non-papillary and infiltrating I Yes Yes ABSENT 28 25.36% (3x2)=6 61.94 NI
23 Female 13 TCC Papillary and infiltrating I Yes No ABSENT 30 6.84% 2x1=2 78.09 NI
24 Male 11 TCC Papillary and infiltrating I Yes Yes PRESENT 17 10.19% (Ix1=1 78.90 NI
25 Male 8 TCC Papillary and infiltrating I Yes Yes ABSENT NI 8.24% (4x3)=12 78.88 NI
26 Female 12 TCC Papillary and infiltrating I No NI ABSENT 32 17.72% (B3x3)=9 84.88 NI
27 Female 15 TCC Papillary and infiltrating I Yes No ABSENT 28 4.78% (4x3)=12 85.14 NI
28 Male NI TCC Papillary and infiltrating I No NI ABSENT NI 4.31% 2x3)=6 56.13 NI
29 Male 15 TCC Non-papillary and infiltrating 11 Yes Yes PRESENT 27 12.75% (Bx3)=9 79.43 NI
30 Male 10 TCC Papillary and infiltrating I Yes No ABSENT 36 16.84% (3x2)=6 89.55 NI

NI, No information.
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FIGURE 1
Immunostaining panel. (A) UC papillary and infiltrating with mild
Caveolin-1 (case 6), 400x magnification. (B) UC papillary and
infiltrating with intermediate Caveolin-1 (case 30), 400x
magnification. (C) UC papillary and infiltrating with high
Caveolin-1 (case 7), 400x magnification. (D) UC papillary and
infiltrating with mild GATA-3 (case 2), 200x magnification. (E)
UC non-papillary and infiltrating with intermediate GATA-3 (case
22), 200x magnification. (F) UC papillary and infiltrating with
high GATA-3 (case 30), 200x magnification. (G) UC papillary and
infiltrating with mild Ki67 (case 15), 200x magnification. (H) UC
papillary and infiltrating with intermediate Ki67 (case 26), 200x
magnification. (I) UC non-papillary and infiltrating with high Ki67
(case 14), 200x magnification.

and 53.33% demonstrated the presence of invasion of lymphatic
vessels (Table 1).

For histological evaluation of cell proliferation in canine
UC, mitotic count (MC) was considered. A total of 28 samples
allowed the determination of MC through the visualization of
the necessary tumoral area (Table 1), and the MC was 31.82 £
26.26 (mean = standard deviation).

As per immunohistochemistry analysis, the immunostaining
values of Ki67, GATA-3, and Caveolin-1 were 24.14 4+ 16.88,
71.40 £ 16.38, and 6.23 = 3.95% (median = standard deviation),
respectively (Figure 1 and Table 1). The quantitative expression
of GATA-3 was >75% in 60% of the cases, and the semi-
quantitative expression of Caveolin-1 was >6 in 60% of the
canine UC cases. Examples of the different expressions of Ki67,
GATA-3, and Caveolin-1 are illustrated in Figure 1. Survival data
were retrieved from only six of the total dogs, and the median
overall survival was 127 days after diagnosis.

Association between all
clinicopathological and
immunohistochemistry variables

In the multivariate analysis of multiple correlations, some
interesting results were obtained (Figure 2). GATA-3 expression
positively correlated with MC (weak correlation, r = 0.32). Thus,
samples with higher MC also showed high GATA-3 expression.
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FIGURE 2
Spearman’s graph of multiple correlations with the respective
correlation coefficients. Blue color indicate a positive
correlation and red color a negative correlation. The intensity of
the color is related with a stronger correlation. A strong
correlation between histological grade and histological type and
a moderate negative correlation between mitotic count and
Caveolin-1 expression are observed.

Caveolin-1 was negatively correlated with MC (weak correlation,
r = —0.32), with a higher MC corresponding to low Caveolin-1
expression. The ki67 was not significantly correlated with any of
the variables (Figure 2 and Table 2).

Discussion

Canine UC is known for its increased invasiveness at the
time of diagnosis and is an important model for muscle-invasive
diseases in humans (I, 4). However, despite the difficulties
associated with the treatment of this tumor type in dogs, most
studies related to biomarkers for bladder UC in veterinary
medicine analyze isolated molecules without assessing their
prognostic value or association with other variables (7). For
this reason, we investigated the expression of Caveolin-1 and
GATA-3 in canine UC to assess their expression patterns and
associate them with clinicopathological findings. In our opinion,
this assessment is very important because we lack prognostic
and predictive markers for canine UC. Although tumor biopsy is
essential for investigating these markers, UC diagnosis is usually
performed using cytological or molecular (BRAF assessment)
tools in veterinary medicine. Therefore, studies using tumor
biopsy are pivotal for proposing new markers and stimulating
biopsy procedures in UC-affected dogs.

Of the 30 cases studied, all were histologically classified
as infiltrating, with 50% of 20 samples showing muscle
invasion and 53.33% of the total showing invasion of lymphatic
vessels. These results reinforce the invasive characteristics of
most cases of bladder tumors in dogs and highlight the
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TABLE 2 P values for the univariate analysis.

X Mitotic count
Histological type 0.7401
Histological grade 0.6489
Lymphatic invasion 0.1235
Mitotic count -

Ki67 0.3466
Caveolin-1 0.099
GATA-3 0.0917

10.3389/fvets.2022.986269

Ki67 Caveolin-1 GATA-3
0.4648 0.6616 0.1461
0.3742 0.8892 0.9916
0.5249 0.7857 0.6084
0.3466 0.099 0.0917

- 0.8484 0.6595
0.8484 - 0.4415
0.6595 0.4415 -

MC and immunohistochemical markers values were associated with each other and with the histopathological variables, without statistically significant results.

importance of studying new predictive biomarkers. This result
also corroborates with the cases found in the clinical routine, in
which clinicians and surgeons found more dogs with advanced
disease, surgery not being the therapeutic option. In this study,
muscle invasiveness was not assessed in 10 of the 30 cases
because the biopsy samples did not present all bladder layers.
Therefore, it is important to reinforce the necessity for surgeons
to collect representative samples for inclusion in this analysis.
Interestingly, muscle invasion was found in 10 of the 20 cases in
which all layers were present.

In a previous study, our research group identified an
association between lymphatic invasion and poor prognosis
in canine UC (33). Because some of the samples used were
also used in this study, we did not associate survival with
lymphatic invasion to avoid data duplication. However, since
we increased the number of samples and assessed some
immunohistochemical markers, we performed a new analysis
and identified different associations. Tumors with higher
histological grades and more aggressive histological subtypes
were correlated with lymphatic invasion. Thus, these results
complement our previous findings and reinforce the importance
of collecting biopsies for canine UC diagnosis and assessment of
histological criteria such as lymphatic invasion.

The role of Ki67 in tumor behavior has been extensively
studied in several cancers in veterinary medicine, including
mast cell tumors (18). Similarly, several studies have evaluated
the prognostic value of Ki67 for human UC. Chirife et al.
(24) reported Ki67 as a predictor of bladder tumor progression
in patients undergoing initial transurethral resection, and a
meta-analysis by He et al. (6) found a statistically significant
correlation between the overexpression of Ki67 and shorter
progression-free survival. The present study did not correlate
the Ki67 values with survival data. In addition, due to the
small number of reported cases of overall survival and the
retrospective nature of the study, variables such as progression-
free survival were not evaluated.

The association of Ki67 values with other histological
variables is also important for a better understanding of the
tumor biology of bladder UC in both humans and dogs. Goniil
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et al. (23) observed an association between this biomarker and
tumor grade in humans; however, the same association was not
found in the present study. Although in human medicine there
are many articles investigating the predictive value of Ki67 for
bladder UG, to the best of our knowledge, Hanazono et al. (28)
were the first authors to investigate the correlation between
Ki67 and survival time, with the present study the second one
correlating Ki67 with the other two biomarkers and histological
features. Therefore, no significant statistical correlation was
found between Ki67 and any other variable, stimulating the
execution of more studies with a larger number of animals and
more follow-up information.

In addition to Ki67, other markers have been studied in
terms of their significance in tumor behavior in human UC,
such as GATA-3 and Caveolin-1 (9, 10, 15-17). However,
no veterinary studies have investigated these markers for the
same disease in dogs, except for a comparative study that
used dogs as a model of human disease, subclassifying canine
bladder carcinomas into molecular subtypes (11). Although
these markers were only observed in human disease to date,
Naik et al. (16) observed a lower positivity of this marker in
high-grade UC when compared to low-grade UC, in tumors
with muscle invasion when compared to those with invasion
only in the lamina propria, and in non-papillary tumors when
compared to papillary histological types. Leivo et al. (34) did not
demonstrate the prognostic significance of GATA-3 for UC, and
Miyamoto et al. (15) showed that while this biomarker was less
expressed in low-grade and muscle-invasive tumors, its strong
immunostaining proved to be an independent predictor of poor
prognosis. These results highlight the controversial and poorly
understood biological role of GATA-3 in UC.

In contrast to most of the correlations mentioned above
for this disease in humans, the present study found a positive
and low correlation only between GATA-3 and MC, indicating
that tumors with higher GATA-3 expression tend to have
higher MC. Considering that high mitotic activity may predict
a greater chance of tumor recurrence in human UC (35)
and, consequently, more aggressive tumor behavior, this result
suggests that higher GATA-3 positivity can indicate a worse
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prognosis for bladder cancer in dogs. However, it should be
noted that all samples used already had an invasive character
in the lamina propria or muscle layer, making this sample
set homogeneous for this item, which possibly influenced the
tangentially higher mitotic index of these cases. The invasive
character of the tumor samples may also have influenced the
non-correlation of Ki67 values with the other variables.

Similar to GATA-3, Caveolin-1 expression correlated with
MC in this study. However, the correlation was low and
negative, indicating that higher expression values of this marker
tended to be accompanied by lower MC values. The results
found in humans are still unclear; Fong et al. (9) reported a
positive correlation between Caveolin-1 expression and tumor
histological grade, and D’Andrea et al. (10) showed a positive
association not only between Caveolin-1 values and tumor
grade, but also with more advanced stages of the disease. In
contrast, this previous study also showed that higher Caveolin-
1 levels were associated with lower disease recurrence. The
present study results are contrary to most results in humans,
as they indicate that high expression values of Caveolin-1 can
indicate a favorable tumor biological behavior, as they were
inversely correlated with MC. Therefore, the same bias of high
histological invasiveness of tumor samples must be considered.
Furthermore, for GATA-3 and Caveolin-1, the correlations
found were classified as low, indicating the need for further
studies with the same biomarkers.

Concerning histological variables such as MC, histological
type, histological grade, and lymphatic invasion, a low
positive correlation was found between lymphatic invasion and
histological type, as well as between lymphatic invasion and
the histological grade by Valli (1995), suggesting that non-
papillary tumors, as well as high histological grade tumors, are
more likely to present lymphatic vessel invasion. Considering
that the presence of lymphatic invasion of tumor cells is
an important prognostic factor related to the survival and
recurrence of this disease in the upper and lower urinary tract
(36-38), it is suggested that the type and histological grade may
also have a prognostic predictive value and should always be
carefully evaluated and considered when establishing treatment
for canine bladder UC cases. More studies should be carried
out to confirm and investigate the predictive potential of this
histological variable and the biomarkers GATA-3 and Caveolin-
1 for canine bladder UC, preferably correlating them with
overall survival.

GATA-3 and Caveolin-1 have been demonstrated as
potential biomarkers of the biological behavior of canine bladder
carcinoma, correlating with MC. The histopathological type and
grade were also considered important factors to be carefully
evaluated at the time of diagnosis as potential predictors of
this tumor behavior, correlating with lymphatic invasion. More
studies are necessary to further investigate the significance of
Ki67, GATA-3, and Caveolin-1 expression in canine bladder UC,
preferentially associating them with overall survival.
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