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from 40 patients with primary urothelial carcinomas of 
the bladder, the ureter, and the renal pelvis were ran-
domly selected. Tissue microarrays (ΤΜΑ) blocks were 
constructed with a manual arrayer (Model I, Beecher In-
struments, Sun Prairie, WI, USA). Each tumor was rep-
resented by three tissue cores, 1.5 mm in diameter. One 
case of an infiltrating urothelial carcinoma, high grade of 
the bladder has been tested twice, on primary tumor and 
on a recurrence that presented one year later. Two more 
cases of urothelial carcinomas were also included in the 
study and were tested in conventional slides. The first 
concerned a case of a non-invasive papillary urothelial 
carcinoma, low grade of the renal pelvis, and the second 
was the above mentioned metastatic to lung, urothelial 
carcinoma. Table 1 summarizes the histologic diagnosis, 
the grade and the location of the tumors included in the 
study. TMA also contained cores from placenta, tonsil, 
breast, renal, and colon tissue, as negative control mark-
ers, whereas cores from normal thyroid tissue were in-
cluded to serve as positive control. These tissues helped 
for orientation during microscopy as well. 

Immunohistochemistry for TTF-1 (clone SPT24 
Novocastra, Newcastle Upon Tyne, UK), estrogen re-
ceptors (ER)(clone 6 F11, Leica Biosystems, Newcastle 
Upon Tyne, UK), cytokeratin (CK) 20 (clone Ks 20.8, 
DakoCytomation, Glostrup, Denmark) and CK5/6 (clone 
D5/16B4, DakoCytomation, Glostrup, Denmark) anti-
gens was performed on four-micrometer unstained sec-
tions from TMAs and conventional slides. All the im-
munostains were performed on 4 micron thick sections, 
using the Bond Max and Bond III autostainers (Leica 
Microsystems, Wetzlar, Germany). Specifically, for TTF-
1 four-micrometer deparaffinized and rehydrated in xy-
lene and alcohol sections from TMAs and conventional 
slides were used. Heat-induced epitope retrieval (HIER) 
was performed using ethylenediaminetetraacetic acid 
(EDTA) buffer at pH 9.0 for 20 minutes. Endogenous 
peroxidases were inactivated by treatment with “Per-
oxidase block” (BOND Polymer Refine Detection Kit; 
BondTM, Newcastle, Upon Tyne, UK) for ten minutes. 
Immunostaining was performed at Leica BOND-MAX 
autostainer using the monoclonal antibody to TTF-1, 
clone SPT24 (dilution 1:80, NovocastraTM, Newcastle, 
Upon Tyne, UK) with an incubation time of 20 minutes. 
Incubation in “Post Primary Block” and in “NovoLink 
Polymer” (secondary antibody [serum] for the primary 

antibody) was followed with an incubation time of 30 
minutes for each step (BOND Polymer Refine Detection 
Kit). DAB chromogen substrates were applied for eight 
minutes (BOND Polymer Refine Detection Kit). Mayer’s 
Hematoxylin was used as a counter-stain. 

The immunohistochemical stains for TTF-1, CK5, 
CK20 were scored as positive if the neoplastic cells were 
immunoreacted in a percentage of >5 % of the cells, re-
gardless of the intensity of positivity. TTF-1 expression 
in the vast majority of the neoplastic cells (≥80 % of the 
cells), as it is usually observed in lung adenocarcinoma, 
was characterized as high. ER positivity evaluated ac-
cording to the established criteria7. 

Statistical analysis was performed using the IBM 
SPSS Statistics for Windows (IBM SPSS, IBM Corp., 
Armonk, NY, USA) version 20.0 and p values were cal-
culated using chi-squared test. Statistical significance 
was set at p <0.05.

Out of 42 cases of urothelial carcinomas studied, five 
were positive for TTF-1 (11.9 %) (Table 1). Those five 
cases concerned two cases of non-invasive papillary uro-
thelial carcinomas, low grade (Figure 1A, B), one case of 
non-invasive papillary urothelial carcinoma, high grade 
(Figure 1C), a case of infiltrating urothelial carcinoma, 
high grade and the metastatic one. Both the specimens 
from the primary tumor and the recurrence of the infil-
trating, high grade, urothelial carcinoma (Figure 1D, E) 
expressed TTF-1. Of note, the metastatic urothelial car-
cinoma showed a high TTF-1 expression (positive cells 
>80 %) (Figure 1F), as usually is observed in lung or thy-
roid carcinomas. It is mentioned that heterogeneity in the 
expression between the three cores from the same tumor 
was observed. Two cases showed very weak immunore-
activity in a few scattered cells (positive cells <5 %) and 
they were consequently considered negative. There was 
no statistical association between TTF-1 expression and 
patients’ gender, tumor size (χ2, p =0.679), grade (χ2, p 
=0.419), infiltrating (χ2, p =0.845), multifocal status (χ2, 
p =0.774), and stage (χ2, p =0.550). CK5/6, CK20, and 
ER were evaluated in cases with adequate material and 
were found positive in a percentage of 50 % (14/29), 41.9 
% (13/31), and 14.3 % (5/34), respectively. No associa-
tion was found between TTF-1 and CK5/6 (χ2, p =0.330), 
CK20 (χ2, p =0.995) or ER expression (χ2, p =0.268). 
However, it is emphasized that these results may be bi-
ased due to the small number of cases included in the 

Table 1: Pathological characteristics of the tumors included in the case series and thyroid transcription factor-1 (TTF-1) expression.

Location TTF1 positive tumors Positive/ Total
Non-invasive papillary urothelial 

carcinoma
Infiltrating

urothelial carcinoma
Low grade High grade Low grade High grade

Bladder 2/16 1/11 - 1/10 4/37
Ureter 0/1 - 0/1 - 0/2
Renal Pelvis 0/1 - 0/1 - 0/2
Metastatic bladder carcinoma - - - 1/1 1/1
Positive/Total 2/18 1/11 0/2 2/11 5/42


