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Abstract- Twenty-eight urothelial tumours of the urinary bladder were studied in 4-16-year-old cattle grazing on lands rich in 
bracken fern. Four primary adenocarcinomas, twelve papillary carcinomas, ten invasive carcinomas, two urothelial carcinomas 
with endophytic growth were examined. They were classified using morphological parameters which have been recently 
suggested in the report on the new histological classification of urothelial tumours of the urinary bladder of cattle. Furthermore, 
some incidental benign reactive processes such as cystitis glandularis and intestinal metaplasia, coexisting with urothelial 
tumours, were also investigated. E5 oncoprotein of bovine papillomavirus type 2 (BPV-2) was detected by 

immunoprecipitation in twenty-two tumours (79%). The remaining six tumours (21%) were E5-negative. Neuroendocrine 
differentiation was evident in fifteen tumours, four adenocarcinomas and eleven urothelial tumours; twelve of them, that is 80% 
(four adenocarcinomas and eight urothelial cancers) were E5-positive. Primary adenocarcinomas were composed of a number 
of multiple glands embedded in a loose stroma. Glandular lumina were lined by tall columnar cells which showed a marked 
immunoreactivity to chromogranin A, synaptophysin and serotonin. In eight papillary carcinomas containing varying degrees of 
a glandular or glandular-like differentiation, immunoreactivity was focally scattered among glandular structures. Two of them 
were E5-negative. Finally, immunoreactivity was also present in three invasive urothelial carcinomas. They were composed of 
glandular-like structures, cords and nests of neoplastic cells. Glandular-like structures showed a more marked 
immunoreactivity. A weak immunoreactivity was also seen in the cells at the edges of the nests. One of them appeared to be 
E5-negative. This study widens the spectrum of histological neoplastic urothelial lesions of cattle and affords further evidence 
that microscopic patterns of bovine urinary bladder tumours share striking morphological similarities with the human 
counterparts.   
Keywords - bovine papillomavirus type 2 (BPV-2), cattle, chronic enzootic haematuria, cystitis glandularis, intestinal 
metaplasia, neuroendocrine differentiation, urothelial carcinoma.  
 
Introduction  
Urinary bladder tumours are very rare in cattle, 
representing approximately 0.01% of all bovine 
malignancies [1]. Conversely, urinary bladder tumours are 
commonly encountered in adult cattle aged 4 or more 
years reared in hilly/mountain pasturelands rich in 
bracken fern (Pteridium spp.) [2, 3, 4]. The fern contains 
toxic principles and its prolonged ingestion, together with 

bovine papillomavirus type 2 (BPV-2) infection, plays a 
central role in bladder carcinogenesis [5, 6, 7, 8]. 
However, the actual synergism between toxic principles of 
bracken fern and BPV-2 is still unclear. It has been 
suggested that BPV-2 is responsible for a latent infection 
of the urothelium that may result in bladder 
carcinogenesis since it can be activated by chemical 
carcinogens of bracken fern such as ptaquiloside (PT), 
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known to be the major carcinogen of fern [4, 9]. Urothelial 
carcinomas have a propensity for divergent differentiation 
leading to several variants, the histologic recognition of 
which is of crucial prognostic value since some of them 
may be associated with a different clinical outcome and 
may have a different therapeutic approach [10, 11]. 

Neuroendocrine (NE) differentiation is a process observed 
in several tumours [12]. The spectrum of neoplastic 
lesions of the urinary bladder of cattle is becoming wider 
and wider [4, 13]. Previous studies have shown that the 
histotypes of bovine urothelial tumours share striking 
morphological and biochemical features with their human 
counterparts which makes cattle a good model of bladder 
carcinogenesis [4, 8, 14, 15, 16, 17, 18]. The present 
paper focuses on some aspects of the focal NE 
differentiation observed in urothelial tumours and in some 
incidental tumour-like lesions of the urinary bladder in 
cattle grazing on bracken fern-infested lands. To our 
knowledge, NE differentiation has never been reported in 
urothelial tumours of the urinary bladder in veterinary 
comparative oncology. 
           
Materials and methods  
 
Ethics Statement 
In our cases we didn't perform any experimentation as we 
collected tissue samples in public slaughterhouses. All the 
animals we studied were slaughtered after a mandatory 
clinical ante-mortem examination, as required by the 
European Union legislation. 
 
Bladder samples 
Samples of bladder neoplastic urothelium were collected 
at public slaughterhouses from twenty-eight 4- to 16-year-
old cows that had been suffering from chronic enzootic 
haematuria for several years. All animals had been raised 
in hilly/mountain cattle households in the South of Italy 
and were known to have grazed on pastures rich in 
bracken fern. Normal bladder mucosa was obtained from 
five 2- to 10-year-old healthy cows which had grazed on 
pastures in which no bracken was present. Bladder 
samples were routinely divided into several parts.  
 
One part was fixed in 10% neutral buffered formalin and 
processed routinely for paraffin embedding. Histologic 
diagnosis was assessed on 5µm sections stained with 
haematoxylin-eosin (HE) using morphological criteria  
suggested on the new, recently reported histological 
classification of urothelial tumours of the urinary bladder 
of cattle [4]. Another part was immediately frozen in liquid 
nitrogen, stored at -80° C until processed for molecular 
procedures. Furthermore, very small pieces (1 mm) were 
obtained from the remaining neoplastic part and were 
immediately fixed in 1% tannic acid-containing 2% 
glutaraldehyde in phosphate buffer. They were block-
stained in 1% uranyl acetate in distilled water, dehydrated 
in graded alcohol and embedded in low viscosity Spurr 
resin. Ultrathin sections from selected areas were stained 
with uranyl acetate and lead citrate and examined with a 
JEM 1011 Jeol  transmission electron microscope.  

Immunohistochemistry 
For immunohistochemical studies, 4-μm-thick sections 
were deparaffinized and blocked for endogenous 
peroxidase in 0.3% H2O2 in methanol for 20 minutes. 
Antigen enhancement was performed by pretreating with 
microwave heating (twice for 5 minutes each at 525 W) in 
citrate buffer, pH 6.00. The tissue sections were 
incubated with a blocking solution (Protein Block Serum 
Free, Dako, Denmark) for 20 minutes at room 
temperature in a humidified chamber to inhibit non-
specific staining. Immunostaining was performed using, 
overnight at +4°C in a humidified chamber, the following 
antibodies: a monoclonal mouse anti-chromogranin A, 
(Clone DAK-A3 Dako, Denmark) diluted at 1 in 100/200, a 
monoclonal mouse anti-serotonin, (Clone 5HT-H209, 
Dako, Denmark), diluted at 1 in 50/100, a monoclonal  
mouse anti-synaptophysin, (Clone SY38, Dako, 
Denmark), diluted at 1 in 10/20.  Slides were washed 
three times with phosphate buffer solution (PBS). A 
commercial kit (Dako, LSABK0690, Dako Cytomation, 
Burlingame, CA, USA) containing peroxidase-conjugated 
streptavidin and a mixture of biotinylated anti-rabbit/anti-
mouse immunoglobulins was used and sections were 
incubated for 20 minutes in a humidified chamber. Slides 
were washed three times with PBS and color 
development was obtained with 5-20 minutes of 
diaminobenzidine treatment. Sections were 
counterstained with haematoxylin. Primary antibodies 
were omitted and replaced by PBS in corresponding 
negative control sections. 
 
Immunoprecipitation for BPV-2 E5 oncoprotein  
The frozen samples of tumours and normal urinary 
bladder mucosa were homogenized in RIPA lysis buffer 
containing 50 mM Hepes pH 7.5, 150 mM sodium chloride 
(NaCl), 0.25% sodium deoxycholate, 1% Triton, 1 mM 
ethylenediaminetetraacetic acid (EDTA) as elsewhere 
reported [16].  
 
Colocalization of E5 and Chromogranin A 
Two-colour immunofluorescence staining was performed 
to investigate the colocalization of E5 and some 
neurosecretory granule types. Briefly, the sections were 
rinsed in PBS, pre-incubated with normal donkey serum 
(dilution 1 in 20 for 30 min). The sections were overlaid 
with polyclonal sheep anti-E5 (a kind gift of Prof. MS 
Campo, Glasgow University) diluted at 1 in 50 overnight 
at 4°C in a humid chamber. A secondary antibody Alexa 
Fluor 488 donkey anti-sheep (Invitrogen, Molecular 
Probes) was applied for 1 h at room temperature. The 
sections were overlaid with a mouse monoclonal anti-
chromogranin A antibody (Clone DakA3, Dako, Denmark) 
diluted at 1 in 50/100 overnight at 4°C. A secondary 
antibody Alexa Fluor 546 donkey anti-mouse (Invitrogen, 
Molecular Probes) was applied (dilution 1 in 100) for 1 h 
at room temperature. 
After washing 3 times with PBS, the slides were mounted 
under aqueous medium (Sigma, Milan, Italy). A confocal 
laser scanning microscope LSM-510 (Zeiss, Göttingen, 
Germany) was used. Alexa Fluor 488 (Invitrogen, Vienna, 
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Austria) was excited at 495 nm and detected via a 519 nm 
band pass filter. Alexa Fluor 546 (Invitrogen, Vienna, 
Austria) was excited at 556 nm and detected with a 573 
nm band pass filter. Two-channel frame-by-frame 
multitracking was used for detection to avoid “cross-talk” 
signals. The individual frames were scanned separately, 
with appropriate installation of the optical path for 
excitation and emission of each scan according to the 
manufacturer’s instructions. 
                
Results 
 
Four tumours were entirely composed of multiple glands 
lined by columnar cells and embedded in a loose stroma; 
therefore, they were diagnosed as pure well-differentiated 
adenocarcinomas (Fig. 1). In all of them, NE cells were 
diffusely seen to be scattered among the columnar 
glandular cells lining some lumina. They were also 
manifest in clusters of cells arranged around small very 
small glandular lumina forming lumina. Although the NE 
cells were immunoreactive for synaptophysin and 
serotonin, a stronger immunoreactivity was evident for 
Chromogranin A (Fig. 2).  
 
Eight endoluminal tumours showed microscopic patterns 
characterized by a papillary appearance with minimal to 
severe variability in architectural and cytologic features. 
Varying degrees of true glandular spaces within the 
tumours were seen; therefore, they were diagnosed as 
papillary urothelial carcinomas with glandular 
differentiation (Fig. 3A). NE cells were seen scattered 
intermingled with glandular formations. All NE cells were 
characterized by a clear immunoreactivity for 
chromogranin A, synaptophysin, serotonin (Figs. 3B, 3C, 
3D). Three invasive tumours were characterized by nests 
and cords of cells with marked variation in size and 
shape, inducing a pseudosarcomatous stromal reaction. 
Many nests were cystically dilated and acquired luminal 
spaces (Fig. 4). Incidental findings such as intestinal 
metaplasia and cystitis cystica co-existing with urothelial 
tumours were found. Both intestinal metaplasia composed 
of mucin-secreting goblet cells and florid nonintestinal 
type cystitis cystica with cystic dilation were characterized 
by the presence of NE cells immunoreactive for serotonin 
only (Figs. 5A, 5B). BPV-2 E5 oncoprotein was detected 
by immunoprecipitation in four adenocarcinomas and in 
eight urothelial tumours (Fig. 6). Morphologically, E5 
protein and Chromogranin A granules were found to be 
mostly co-localized in luminal cells with confocal scanning 
laser microscope (Fig. 7).   
Ultrastructurally, numerous intracytoplasmic polymorphic 
electron-dense structures bound by a single membrane 
identified as neurosecretory granules and bundles of 
tonofilaments were showed in several cancer cells, the 
cell junctions of which were characterized by the 
presence of both typical and atypical desmosomes (Fig. 
8). The latter were composed of poorly differentiated 
desmosomes being characterized by tonofilaments from 
the cytoplasm converging upon plaques but by the 
absence of both dense material and intermediate lines in 
intercellular gaps (Fig. 8, insert).   

Discussion  
Urothelial carcinoma of the bladder is unique among 
epithelial carcinomas in its divergent pathways of 
tumorigenesis [19]. It is well known that urothelial cancers 
show a marked propensity for divergent differentiation 
resulting in a wide spectrum of phenotypic variants which 
quite often show an aggressive clinical course portending 
a poor prognosis [11]. Urothelial cells can undergo a 
differentiation process to become NE cells expressing 
several NE markers. NE differentiation in bladder tumours 
has four major manifestations: carcinoid tumours, 
considered to be well-differentiated NE carcinomas; small 
cell NE carcinomas (SCNEC) and large cell NE 
carcinomas (LCNEC), both types known to be poorly 
differentiated NE carcinomas, and focal NE differentiation 
[20, 21]. NE differentiation of tumours has very rarely 
been reported in domestic animals [22]. It is exceedingly 
rare in epithelial cancers of cattle being the known reports 
limited to a thymic carcinoma in a calf [23]. Our study 
shows variable degrees of NE differentiation in the form of 
isolated, single or small clusters of NE cells scattered and 

intercalated among the glandular structures in  54% of 
the examined bladder tumours. In all adenocarcinomas, 
scattered NE cells lining lumina were diffusely seen. A 
marked NE differentiation was also seen in all the 
papillary and invasive urothelial carcinomas we examined, 
which were characterized by microscopic patterns 
containing glandular and glandular-like structures. How 
the spectrum of NE differentiation takes place in bladder 
carcinogenesis is unknown. It has been suggested that 
abnormal proliferation of NE cells originates from 
multipotential, undifferentiated or stem cell located in the 
urothelium  [24, 25]. The differentiation processes of the 
stem cells may be aberrantly regulated under pathological 
conditions [26]. Another hypothesis is that NE growth 
arises from neuroendocrine cells present within the 
normal urothelium or from an undefined population of 
submucosal neuroendocrine cells [27, 28]. In most cases, 
NE cancer cells are admixed with conventional carcinoma 
including urothelial carcinoma, squamous cell carcinoma, 
adenocarcinoma, sarcomatoid carcinoma [10, 29]. The 
coexistence of these epithelial components suggests that 
NE phenotype reflects divergent differentiation of 
multipotential urothelial cells [20]. Recently, genetic 
studies have shown that urothelial and small cell 
carcinoma components originate from the same cell in the 
urothelium [30, 31]. Our ultrastructural investigations 
detected neurosecretory granules scattered in the 
cytoplasm of cancer cells containing prominent 
tonofilaments and showing classic desmosomes as well 
as so-called “attenuated” or “poorly differentiated” 
desmosomes considered to be of diagnostic value in 
tumours. These ultrastructural features allow us to 
suggest that NE cells are of epithelial origin and therefore 
are from multiphenotypic differentiation of urothelial cells. 
It is worthwhile remembering that the presence of 
desmosomes virtually guarantees that one is looking at 
epithelium, mesothelium and meninges or their tumours 
[32]. 
In man, it has been shown that NE differentiation in 
bladder cancers is restricted to glandular and 
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pseudoglandular lesions including glandular cystitis, 
intestinal metaplasia and primary adenocarcinoma [25, 
33]. Our findings are consistent with results reported in 
human medicine. Furthermore, we showed stronger NE 
differentiation in the glandular lumina both in urothelial 
and non-urothelial tumours.  
Urothelial cancer cells can undergo a multiphenotypic 
differentiation process, after carcinogenesis is initiated, to 
become glandular cells [34], and NE cells which acquire a 
phenotype like normal NE cells and express several NE 
markers. Similar NE differentiation has been shown in 
prostate adenocarcinoma cells [26, 35]. Multipathways 
are known to be involved in regulating this process. It has 
been shown that the activation of c-Src upregulates 
specific transcriptional factors responsible for acquiring 
the NE phenotype [36]. More recently, it has been shown 
that Wnt-11, a protein known to modulate cell growth and 
differentiation as well as mitochondrial manganese 
superoxide dismutase (MnSOD), are essential inducers of 
NE differentiation in some cancers [12, 37, 38].  
   The biological significance of NE differentiation has not 
well understood [37]. Very recently, it has been shown 
that serotonin, known to have powerful mitogen activity, 
promotes tumour growth by activating downstream targets 
of mTOR [39]. Furthermore, it has been suggested that 
chromogranin A is a modulator of the tumour 
microenvironment and its abnormal secretion could play 
important roles in tumour progression [40]. It is 
conceivable to believe that similar pathways can take 
place also in urothelial tumours of cattle. 
      We did not perform any specific and direct 
investigation about the potential role of papillomavirus 
infection in NE differentiation. However, we do not 
exclude the possibility that some BPV-2 proteins can be 
involved in divergent differentiation of urothelial tumours. 
It is worth noting that we have shown the oncoprotein E5 
in a large number (12 out of 15) of bladder tumours with 
NE differentiation. Furthermore, E5 protein and 
neurosecretory granules appear to be co-localized in 
numerous cancer cells. It has been shown that c-Src, 
known to play an important role in NE cell differentiation 
of cancer cells [36], can be activated also by E5 
oncoprotein [41]. Furthermore activation of Wnt signaling 
pathway appears to occur in papillomavirus infection [42, 
43]. Further studies are required to better understand the 
role, if any, of papillomavirus infection in NE differentiation 
of the urothelial tumours in comparative oncology mostly 
in the light of the more and more emerging aetiological 
role of human papillomavirus infection in bladder 
carcinogenesis [44, 45]. 
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Fig. 1- Adenocarcinoma of the urinary bladder. Numerous glandular structures lined  
by cuboidal and columnar cells are embedded in a loose stroma. HE x220. 

 
Fig. 2- Adenocarcinoma of the urinary bladder. Numerous columnar cells manifest an evident positivity for chromogranin A. 

Streptavidin-biotin complex method. Haematoxylin counterstain x220. 
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Fig 3. (a) Several lumina are evident in a papillary urothelial carcinoma with glandular differentiation. HE. (b) Papillary 
urothelial carcinoma with glandular differentiation. Many cells of gland lumina are immunoreactive for chromogranin A. 
Streptavidin-biotin complex method. Haematoxylin counterstain. (c) Papillary urothelial carcinoma with glandular 
differentiation. Some cells lining gland lumina show an immunoreactivity for serotonin. Streptavidin-biotin complex method. 
Haematoxylin counterstain. (d) Papillary urothelial carcinoma with glandular differentiation. Many glandular structures are lined 
by cells immunoreactive for synaptophysin. Streptavidin-biotin complex method. Haematoxylin counterstain x220. 
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Fig. 4. Invasive high-grade urothelial carcinoma. An invasive urothelial carcinoma composed of cystically dilated neoplastic 
nests with luminal space is manifest. A strong pseudosarcomatous reaction of the stroma is also evident. Some cells of 
luminal space are immunoreactive for chromogranin A. Streptavidin-biotin complex method. Haematoxylin counterstain x220. 

 

 
Fig. 5. (a) Intestinal metaplasia composed of goblet cells immunoreactive for serotonin is shown in urinary bladder. 
Streptavidin-biotin complex method. Haematoxylin counterstain. (b) Florid cystitis cystica with cystic dilation composed of 
cuboidal cells immunoreactive for serotonin is evident. Streptavidin-biotin complex method. Haematoxylin counterstain x220. 
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Fig. 6. Oncoprotein E5 detected by immunoprecipitation in bladder lesions. Lane 1 – Healthy cow; lanes 2-5: neoplastic 

samples 
 

 
Fig. 7. Two-colour immunofluorescence labeling demonstrates co-localization of E5 and Chromogranin A. Luminal cells show 

colocalization (yellow) of E5 (green; Alexa Fluor 488) and Chromogranin A (red, Alexa Fluor 546) (white arrows). x220 

 
Fig. 8. Ultrastructural neurosecretory granules, bundles of tonofilaments (thin arrows) and desmosomes (large arrow)  are 
evident in and between cancer cells. x12,000. Many desmosomes appear to be poorly differentiated being composed of 
tonofilaments converging upon plaques but lacking in dense material and intermediate lines in the intercellular gaps (insert, 
x12,000). 


