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Introduction
Transitional cell carcinoma (TCC) is the most common 
malignant tumor arising from the urinary bladder 
of dogs and accounts for 50%–75% of all canine 
urinary bladder tumors (Knapp et al., 2000). TCC 
may invade the urinary bladder wall at diagnosis, with 
distant metastasis to the lungs and liver (Mutsaers 
et al., 2003). There are several treatment options for 
canine TCC of the urinary bladder, including surgery, 
chemotherapy, and radiation therapy; however, long-
term survival of dogs with TCC remains low. Factors 
affecting survival include secondary complications due 
to the urinary system’s obstruction and other biological 
characteristics, such as tumor proliferation, invasion, 
and metastasis. Hence, there is a need for biomarkers 
that can assess these biological characteristics at an 
early stage.
In recent years, the p63 protein has attracted attention 
as a molecule associated with tumor proliferation, 
invasion, and metastasis in human urinary bladder 
cancer (BC). The tumor–node–metastasis (TNM) 
stage progression and shortened survival have been 
associated with decreased expression of the p63 
protein, especially in high-grade invasive BC (Urist  

et al., 2002; Koga et al., 2003b). The TP63 gene belongs 
to the same gene family as the TP53 gene and encodes 
the tumor suppressor protein, p63, that has the same 
apoptosis-inducing effect as the p53 protein. Therefore, 
a decrease in the expression of or a loss-of-function 
mutation in the TP63 gene may lead to uncontrolled 
cell growth. Abnormal expression of p63 may be a 
factor associated with cancer progression (Urist et al., 
2002; Koga et al., 2003b).
The p63 protein has two isoforms: TAp63, which has a 
transactivation domain at the N-terminal, and ΔNp63, 
which does not have an activation domain. Different 
promoters regulate the expression of these two 
isoforms. However, the functions of TAp63 and ΔNp63 
remain unknown. TAp63 may be responsible for the 
transactivation of p53 target genes, such as p21, and the 
initiation of apoptosis during excessive cell proliferation 
(Osada et al., 1998; Yang et al., 1998), while ΔNp63 is 
assumed to inhibit transactivation by p53 and TAp63 
(Yang et al., 1998). Based on these functions, it has 
been suggested that ΔNp63 is overexpressed in human 
squamous cell carcinoma and other malignant tumors 
and is involved in carcinogenesis (Parsa et al., 1999; 
Hibi et al., 2000). During immunohistochemistry, 
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Abstract
Background: Decreased p63 protein expression in canine transitional cell carcinoma (TCC) of the urinary bladder 
is associated with vascular invasion of the tumor, metastasis, and shortened survival. ΔNp63, an isoform of p63, is 
downregulated in high-grade invasive urothelial carcinoma in humans. However, the clinical significance of ΔNp63 
expression in canine urinary bladder tumors is unknown. Therefore, it is essential to investigate ΔNp63 expression 
patterns in TCC, the most common urinary bladder tumor in dogs.
Aim: This study aimed to evaluate the expression and role of ΔNp63 in canine TCC of the urinary bladder. 
Methods: ΔNp63 expression was compared between the normal canine urinary bladder, polypoid cystitis, and TCC. 
The correlation of ΔNp63 expression with histopathological and clinical findings were further evaluated, and its 
usefulness as a prognostic factor was examined.
Results: We observed that ΔNp63 was highly expressed in dogs’ normal urinary bladder and polypoid cystitis, and 
its expression levels were low in TCC. Furthermore, low levels of ΔNp63 expression were associated with vascular 
invasion, metastasis, and shortened survival in dogs with TCC. 
Conclusion: These results indicate that ΔNp63 expression could serve as a valuable biomarker for invasion, metastasis, 
and prognosis of canine TCC of the urinary bladder.
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antibodies against p63 can recognize the core domains 
of both ΔNp63 and TAp63. On the contrary, antibodies 
against ΔNp63 are particular as they recognize the 
ΔN transactivation domain, thus making ΔNp63 a 
more specific diagnostic marker than p63 for human 
lung squamous cell carcinoma (Bishop et al., 2012). 
However, some reports suggest that the decreased 
expression of ΔNp63 is linked to malignant behavior in 
human urinary bladder tumors. The relationship between 
ΔNp63 expression and tumorigenicity is currently 
controversial (Koga et al., 2003a,b; Fukushima et al., 
2009). In addition, the decreased expression of ΔNp63 
may be associated with tumor invasion in high-grade 
invasive urothelial carcinoma in humans (Koga et al., 
2003a; Fukushima et al., 2009).
In a study that assessed p63 expression in canine TCC 
of the urinary bladder using immunohistochemistry, 
p63 expression was found to be significantly lower in 
the TCC tissue than in the normal bladder tissue and 
polypoid cystitis. This low expression was associated 
with tumor tissue necrosis, vascular invasion, tumor 
growth, metastasis, and shortened survival (Hanazono 
et al., 2016). On the contrary, although there have been 
reports on ΔNp63 expression in dogs with mammary 
tumors (Bertagnolli et al., 2009), none of the studies 
have assessed ΔNp63 expression in dogs with urinary 
bladder tumors. Therefore, we hypothesized that as in 
the case of human invasive urothelial carcinoma, the 
expression of ΔNp63 is downregulated in canine TCC 
of the urinary bladder, which is associated with the 
prognosis of TCC. This study aimed to evaluate the 
clinical significance of ΔNp63 expression in canine 
urinary bladder tumors. The level of ΔNp63 expression 
in the normal canine urinary bladder, polypoid cystitis, 
and TCC was investigated along with the relationship 
between ΔNp63 expression and histopathological and 
clinical findings.

Materials and Methods
Paraffin-embedded urinary bladder tissues from 25 
dogs that underwent cystectomy at the Animal Medical 
Center of Rakuno Gakuen University were evaluated 
between 2004 and 2011. The diagnosis of TCC 
was made based on postoperative histopathological 
examination. Five specimens diagnosed with polypoid 
cystitis and five normal canine urinary bladder tissues 
were used as controls. 
For dogs diagnosed with TCC, clinical information 
was obtained until 2012. The TNM classification for 
canine urinary BC was used according to the criteria 
set by the World Health Organization (Owen, 1980). 
Primary tumors (T) were classified as Tis: carcinoma in 
situ; T0: no evidence of primary tumor; T1: superficial 
papillary tumor; T2: tumor invading the bladder wall 
with induration; or T3: tumor invading the neighboring 
organs (prostate, uterus, vagina, and pelvic cavity). 
The regional lymph nodes (N) were classified as N0: no 
regional lymph node (internal or external iliac lymph 

node) involved; N1: regional lymph node involved; or 
N2: regional and juxtaregional lymph nodes involved. 
Distant metastasis (M) was classified as M0: no evidence 
of metastasis or M1: the presence of distant metastasis.
Metastasis was evaluated based on imaging, biopsy, 
lymphadenectomy, or necropsy findings. In addition, 
hematoxylin and eosin staining was made on tissue 
specimens to assess the grade (Valli et al., 1995), 
mitotic count, and the presence of necrosis and 
vascular invasion. The mitotic count was determined 
using a microscope and expressed as the number of 
mitoses per 50 high-power fields (HPFs). Additionally, 
the presence of tissue necrosis and vascular invasion 
was evaluated. The presence or absence of metastasis 
during the observation period and survival time was 
also investigated.
Immunohistochemical staining was carried out to 
determine the expression of ΔNp63 in the urinary 
bladder tissues. The rabbit anti-p40 (ΔNp63) polyclonal 
antibody (dilution factor: 2000×, manufacturer: 
calbiochem, immunized animals: rabbit, catalog 
number: PC373), which has been used in previous 
studies on dogs, was used as the primary antibody 
(Bertagnolli et al., 2009).
Tissue sections were deparaffinized, immersed in Tris 
ethylenediaminetetraacetic acid buffer (pH 9.0) for 
antigen activation, and heat-treated in an autoclave for 
15 minutes at 121°C. The sections were then immersed 
in 0.5% periodate solution for 15 minutes to remove 
endogenous peroxidase. After thoroughly rinsing with 
water, the sections were immersed in a blocking agent 
(Block Ace, Dainippon Sumitomo Pharma, Osaka, 
Japan) at 37°C for 30 minutes to suppress non-specific 
reactions. Tissue sections were incubated with the 
primary antibody diluted in phosphate-buffered saline 
(PBS) at 23°C–25°C for 1 hour. After incubation 
with the primary antibody, the tissue sections were 
washed with PBS and incubated with the biotin-labeled 
secondary antibody (anti-rabbit IgG antibody, Vecter 
Laboratories, Burlingame, CA) diluted 400-fold in PBS 
for 30 minutes at room temperature. After incubation 
with the secondary antibody, the tissue sections were 
washed with PBS, and labeled avidin-biotin staining 
(Vectestain ABC Kit; Vecter Laboratories, Burlingame, 
CA) was carried out for 30 minutes at room 
temperature. The tissue sections were washed with PBS 
and stained with a 0.03% aqueous hydrogen peroxide 
3,3-diaminobenzidine solution, followed by rinsing the 
tissue sections and nuclear staining with hematoxylin 
(Tissue-Tek, Osaka, Japan).
For evaluating the expression of ΔNp63, cells were 
observed under the microscope, and those with stained 
nuclei were considered positive; the number of positive 
cells per 1,000 cells was calculated. The dogs were 
classified into high- and low-ΔNp63-expression groups 
with the median expression rate as the cut-off, and 
the survival time for dogs with TCC was compared 
between the two groups.
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The software, Excel Tokei (SSRI, Tokyo, Japan) 
was used for statistical analysis. The Shapiro–Wilk 
normality test was employed to assess the normality of 
the ΔNp63 expression rate. The ΔNp63 expression rate 
in TCC was compared with that in the normal bladder 
and polypoid cystitis tissues using the Kruskal–Wallis 
test. The association of ΔNp63 expression with the 
grade, mitotic count, vascular invasion, necrosis, and 
metastasis during the observation period was assessed 
using Fisher’s exact test. The log-rank test was used to 
compare the survival time between the high- and low-
ΔNp63-expression groups in dogs with TCC. A p-value 
< 0.05 was considered statistically significant.
Ethical approval
All experiments in this study were conducted with 
the approval of the Ethics Committee of the Rakuno 
Gakuen University (No. VH24A13).

Results
At the time of the first surgery, the mean age for dogs 
with polypoid cystitis and TCC was 9.6 ± 3.7 and 9.7 ± 
2.4 years, respectively. The breeds of dogs with polypoid 
cystitis were Shih Tzu (n = 2), Miniature Schnauzer (n 
= 1), Papillon (n = 1), and Siberian Husky (n = 1). The 
breeds of dogs with TCC were Shetland Sheepdog (n = 
4), mongrel (n = 3), Shiba Inu (n = 2), Maltese (n = 2), 
Beagle (n = 2), Dalmatian (n = 1), French Bulldog (n 
= 1), Great Pyrenees (n = 1), Miniature Dachshund (n 
= 1), Miniature Pinscher (n = 1), Pomeranian (n = 1), 
Samoyed (n = 1), Scottish Terrier (n = 1), Shih Tzu (n 
= 1), Siberian Husky (n = 1), Japanese Spitz (n = 1), 
and West Highland White Terrier (n = 1). All polypoid 
cystitis and TCC tissues were surgically obtained 
from the dogs. Normal bladder tissues were obtained 
by necropsy from five beagles (two males and three 
females) in our university. 
At the time of surgery, there were 9 cases with T1, 10 
with T2, and 6 with T3 stage tumors; 22 cases had N0 
and 3 cases had N1 stage tumors; none of the TCCs 
showed any evidence of metastasis. With regard to 
the site of occurrence of TCC in the urinary bladder, 

1 occurred in the apex, 12 in the body, and 13 in the 
trigone. Postoperative chemotherapy was administered 
as follows: piroxicam alone (n = 6), mitoxantrone alone 
(n = 1), carboplatin alone (n = 1), and a combination 
of piroxicam and mitoxantrone (n = 3). Dogs with 
TCC were followed-up from the time of surgery until 
death. The mean follow-up period for estimating the 
overall survival was 17 months (range, 1–60 months), 
regardless of the cause of death. At the end of the follow-
up period, 19 dogs with TCC died due to metastasis (n 
= 5), secondary renal failure (n = 2), infection (n = 2), 
other tumors (n = 1, lymphoma), or unknown causes (n 
= 9). Histopathological examination revealed 1 case of 
grade-1 TCC, 10 cases of grade-2 TCC, and 14 cases 
of grade-3 TCC. The mitotic count was less than 10/50 
HPF in 14 cases and more than 10/50 HPF in 11 cases. 
Necrosis was absent in 14 and evident in 11 cases; 
the vascular invasion was absent in 8 and present in 
17 cases. Metastatic lesions were present in 15 cases, 
while no metastasis was observed in 10 cases during 
the entire follow-up period.
The images of immunohistochemical staining for 
ΔNp63 are shown in Figure 1. In the normal urinary 
bladder tissue, ΔNp63 expression was observed in 
the nuclei in all layers of the urinary bladder mucosa, 
especially in the cells forming the basal layer. In 
polypoid cystitis, ΔNp63 expression was observed in 
the nuclei of cells in all layers of the urinary bladder 
mucosa, especially in the basal layer and normal tissue; 
however, in TCC, ΔNp63 expression was observed 
in the nuclei of a small number of cells scattered 
throughout the tumor tissue.
Table 1 and Figure 2 show the comparison of ΔNp63 
expression among the three groups: normal urinary 
bladder, polypoid cystitis, and TCC. Dogs with TCC 
were classified into high- (≥5.2%) and low- (<5.2%) 
ΔNp63-expression groups, based on the median ΔNp63 
expression rate (5.2%). The relationship of ΔNp63 
expression with grade, mitotic count, vascular invasion, 
necrosis, and metastasis was investigated during the 
observation period. Low expression of ΔNp63 was 

Fig. 1. Immunohistochemical staining for ΔNp63. (A) ΔNp63 expression is observed in the nuclei of cells in all layers of the normal 
urinary bladder mucosa, especially in the basal layer. (B) ΔNp63 expression is observed in the nuclei of cells in all layers of the 
urinary bladder mucosa in polypoid cystitis, especially in the nuclei of cells in the basal layer. (C) In TCC, the expression of ΔNp63 
is found in the nuclei of a small number of cells (scale bar = 50 μm).
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Fig. 2. Comparison of ΔNp63 expression rate between the normal urinary bladder tissue, polypoid cystitis, and TCC. 
TCC shows a significantly lower ΔNp63 expression rate than the normal urinary bladder tissue and polypoid cystitis  
(* p < 0.001).

Table 1. ΔNp63 expression rate in normal urinary bladder tissue, polypoid cystitis, and TCC.
n Median (%) Minimum (%) Maximum (%)

Normal 5 91.4 80.3 94.8
Polypoid cystitis 5 91.6 65.0 97.9

TCC 25 5.2 0 64.8

TCC: Transitional cell carcinoma.

significantly associated with vascular invasion and 
metastasis. On the contrary, ΔNp63 expression level 
was not significantly associated with grade, mitotic 
count, or necrosis (Table 2).
Kaplan–Meier survival curves based on ΔNp63 
expression rate are shown in Figure 3. The median 
survival time was 13 months in the low-ΔNp63-
expression group and 21 months in the high-
ΔNp63-expression group, and the survival time was 
significantly shorter in the low-ΔNp63-expression 
group (p < 0.05).

Discussion
Studies on ΔNp63 in human urinary BC have not 
yielded consistent results. Karni et al. (2011) reported a 

higher expression of ΔNp63 in invasive urinary BC than 
in noninvasive urinary BC. On the contrary, Koga et 
al. (2003a) reported that ΔNp63 showed an expression 
trend similar to that of p63 using immunohistochemical 
staining, and its expression was maintained in the 
normal urinary bladder tissue and low-grade urinary 
BC. ΔNp63 expression was, however, lost in invasive 
BC (Koga et al., 2003a). Bertagnolli et al. (2009) also 
found a strong positive correlation (r = 0.832; p < 
0.0001) between p63 and ΔNp63 expression in canine 
mammary tumors. Similar to the results shown in the 
present study, another study found that p63 expression 
in canine TCC of the urinary bladder was significantly 
lower than that in the normal urinary bladder tissue, 
and benign lesions of polypoid cystitis (Hanazono 
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et al., 2016). This supports the reports of Koga et al. 
(2003a) and Bertagnolli et al. (2009). In this study, we 
observed an association of reduced ΔNp63 expression 
with vascular invasion, metastasis, and shorter survival, 
which corroborates a previous report suggesting that 
reduced p63 expression in canine TCC of the urinary 
bladder is also associated with vascular invasion and 
metastasis, as well as shorter survival (Hanazono et al., 
2016).
TAp63 has a transactivation domain at its N-terminus, 
similar to that of p53, and is thought to exert the same 
tumor-suppressive effect as that of p53. However, 
ΔNp63 lacks this transactivation domain and, therefore, 
does not feature the tumor suppressor effect of p53. In 
addition, since ΔNp63 has the same binding domain as 
p53 and TAp63, it antagonizes the tumor-suppressive 
effect of p53 and TAp63 by competing with these 
proteins for the same binding site at the promoter 
region (Yang et al., 1998). Based on this molecular 
background and the known overexpression of ΔNp63 
in squamous cell carcinoma, the association between 
ΔNp63 overexpression and carcinogenesis has attracted 
much attention (Parsa et al., 1999; Hibi et al., 2000). 
Although the present results are inconsistent with the 
concepts mentioned above, it has been reported that 
the loss of ΔNp63α, an isoform of ΔNp63, can cause 
malignant behavior in human urinary BC (Koga et 
al., 2003a, b). Decreased expression of ΔNp63α has 
been implicated in tumor invasion and metastasis by 
upregulating N-cadherin and increasing the production 

of matrix metalloproteinase 9, which degrades 
intercellular matrix proteins (Fukushima et al., 2009). 
Gaya et al. (2015) reported that 21.1% of the patients 
with high-grade T1 urinary bladder tumors in their 
study lacking ΔNp63 expression progressed to muscle-
invasive disease, while those with ΔNp63 expression did 
not exhibit the same progression. In addition, decreased 
expression of ΔNp63 transcripts in the muscle layer of 
non-invasive BC has been associated with recurrence 
and progression (Papadimitriou et al., 2019). These 
results suggest that reduced expression of ΔNp63 may 
also promote tumor invasion and metastasis in canine 
TCC of the urinary bladder.
In this study, ΔNp63 expression was not associated 
with grade, mitotic count, or necrosis. ΔNp63 
expression is generally low in high-grade urinary BC 
in humans. On the contrary, low-grade papillary non-
invasive tumors with low expression of ΔNp63 may 
later develop into muscle-invasive BC (Fukushima 
et al., 2009). Furthermore, p63 expression has 
not been associated with grade and mitotic count 
(Stefansson et al., 2006). In the past, p63 expression 
in canine bladder tumors did not correlate with the 
mitotic count. Necrosis tends to occur in biologically 
aggressive tumors that grow rapidly (Portillo et al., 
1991) and is associated with prognosis in canine 
TCC of the urinary bladder (Hanazono et al., 2014). 
Necrosis in canine urothelial carcinoma is recognized 
as comedones necrosis (de Brot et al., 2019), which 
is often associated with the tumor grade (Epstein et 

Fig. 3. Comparison between survival times based on ΔNp63 expression. The median survival time is 21 months in the high-
ΔNp63-expression group and 13 months in the low-ΔNp63-expression group. The difference is statistically significant  
(p < 0.05).
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al., 2017). In this study, it is unclear why necrosis 
was not associated with ΔNp63 expression; however, 
the authors suggested that it is similar to the lack 
of association with grade. Thus, low expression of 
ΔNp63 may not be associated with the histological 
grade or invasiveness at the time of tumor removal 
but may indicate subsequent behavior.
A limitation of this study is that we only investigated 
the immunohistological expression of the ΔNp63 
protein in canine urinary bladder tissue and did 
not analyze the corresponding gene or its function. 
These analyses need to be carried out to prove 
the true pathological significance of ΔNp63. In 
addition, in this study, the dogs were followed-up 
until death due to any cause; the number of deaths 
due to TCC could not be recorded, because in some 
cases, necropsy was not performed; hence, it was 
not possible to establish whether the cause of death 
was tumor-related.

Conclusion
In conclusion, our results suggest that expressions 
of ΔNp63 and p63 are reduced in canine TCC of the 
urinary bladder. This is similar to human invasive 
urothelial carcinoma. This decreased expression 
is associated with tumor invasion, metastasis, and 
shortened survival. Thus, ΔNp63 expression could 
serve as a valuable biomarker for invasion, metastasis, 
and prognosis of canine TCC of the urinary bladder.
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