
Abstract. PAX8 is a transcription factor with a role in
ontogenesis of the urinary tract. The aim of the present
investigation was to investigate PAX8 expression in normal
bladder and in non-invasive urothelial tumours. Nine cases of
normal urothelial mucosa, 2 cases of papillary urothelial
neoplasia of low malignant potential, 12 cases of low grade
non-invasive papillary urothelial carcinoma and 16 cases of
high grade non-invasive papillary urothelial carcinoma were
investigated by immunohistochemistry. PAX8 mRNA
expression was evaluated by RT-PCR in a different set of
normal bladder mucosas and tumours. In addition, PAX8
expression was evaluated by RT-PCR in bladder from 2
human embryos and in several continuous cell lines derived
from bladder tumours (5637, RT-112, TCC-SUP, HT 1376).
In immunohistochemical studies, PAX8 was expressed in 28
out of 30 non-invasive urothelial tumours, but not in the
normal adult bladders. In RT-PCR studies, PAX8 was
expressed in 13 out of 13 bladder tumours but not in the 6
normal bladder mucosa. Contrary to that in adults, PAX8 was
expressed in 2 cases of bladder mucosa from 16-week-old
embryos. PAX8 was expressed in all the cell lines from
bladder tumours. Both in the bladder tumours and cell lines
PAX8 expression was highly heterogeneous in terms of the
splicing isoforms. Treatment of cell lines with sodium
butyrate (NaB) induced several changes of the splicing
isoforms. Therefore, only subsets of molecular events that
determine the PAX8 mRNA splicing heterogeneity in
bladder tumours are sensitive to NaB treatment.

Introduction

PAX genes encode for a family of transcription factors
identified by sequence homology with Drosophila
melanogaster paired genes, which is important in the early
embryo development (1). PAX proteins play a critical role

in cell differentiation and development (2). They are
characterized by a 125-amino acid-long DNA-binding motif,
named paired domain (2). PAX proteins have been shown to
play a crucial role in the early phases of embryogenesis as
well as in differentiation and in the maintenance of a
differentiated phenotype (3). Moreover, they have been
shown to be involved in tumorigenesis, acting as oncogenes
in transforming cultured fibroblasts when overexpressed (4).
In the mammalian genome, the PAX gene family is
composed of 9 members, grouped in four different classes
(5). Inactivating mutations of PAX genes induce several
developmental abnormalities both in the mouse and humans
(6).

During development, the human PAX8 gene is expressed
in the thyroid, kidneys, several areas of the central nervous
system and the placenta. In the adult, PAX8 is expressed
only in thyroid follicular cells, where it contributes to the
maintenance of the differentiated state (7).

In kidney development, PAX8 is expressed in pro-, meso-,
and metanephros, in particular during the mesenchyma-to-
epithelium transition (8) and its expression pattern partially
overlaps with that of PAX2 (9). Knock-out mouse analysis
revealed that kidney organogenesis is normal in PAX8
mutant mice that die postnatally of thyroid defects (10);
nevertheless, analysis of PAX2-PAX8 double mutants show
that these transcription factors share redundant functions in
kidney development supporting the hypothesis of their
alternative role in nephric lineage specification (11).

PAX8 and PAX2 are expressed in a high percentage of
Wilms' tumours (9,12,13) and both factors are able to
activate the WT1 gene promoter (14,15). PAX5, PAX2 and
PAX8 proteins are involved in the transcriptional repression
of the p53 gene, suggesting a role in tumour initiation and
progression (16).

Inactivating mutations of the PAX8 gene in humans cause
thyroid dysgenesia and, consequently, congenital hypo-
thyroidism (17). PAX8 expression is reduced in thyroid
tumours, with an inverse relationship with the differentiation
state of the neoplasm (18).

Bladder cancer is the fourth most commonly diagnosed
malignancy in males and the twelfth in females in the United
States (19). Urothelial carcinomas (UCs) comprise about
90% of all bladder primary tumours and, according to the
WHO classification, they are classified in non-invasive and
infiltrating UCs (20). UC has been investigated by molecular
analysis (21-23). In this study, the expression of PAX8 was
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investigated in human normal bladder mucosa and in non-
invasive urothelial neoplasias.

Materials and methods

Cell cultures and tissues. The human bladder cell lines (RT-
112; HT-1376; TCC-SUP, 5637) were obtained from the
American Type Culture Collection (ATCC). HT-1376 and
TCC-SUP cells were cultured in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 10% FCS at 37˚C with
5% CO2; RT-112 and 5637 cells were cultured in RPMI-
1640 supplemented with 10% FCS at 37˚C with 5% CO2.

For immunohistochemical studies, the material consisted
of tissue microarrays comprising 105 bladder biopsies of 39
subjects retrieved from the archives of the Department of
Pathology, University of Udine. These specimens were
recorded between 1998 and 2004. Nine were cases of normal
urothelial mucosa, two were papillary urothelial neoplasia of
low malignant potential, 12 were low grade non-invasive
papillary urothelial carcinoma and 16 were high grade non-
invasive papillary urothelial carcinoma. The tumour grade
was assessed according to the 2004 WHO classification of
tumours of the urinary system (20).

For RT-PCR studies, in addition to the cell lines
described above, specimens from 13 cancer biopsies (7 non-
invasive low grade papillary urothelial carcinoma, 6 , high
grade non-invasive papillary urothelial carcinoma) and 6
normal mucosa were investigated. Bladders from two 16-
week-old human embryos were also investigated.

Immunohistochemical staining. Tissue samples were fixed in
4% buffered formalin, embedded in paraffin, and 5-μm
sections were cut. Slides were pretreated in 10 mM citrate
buffer, pH 6.0 at 98˚C in a water bath for 50 min, then
incubated overnight at 4˚C with rabbit polyclonal anti-PAX8
antibody diluted 1:200. The specificity of the antibody has
already been demonstrated (24,25).

After washing, the immunocomplexes were revealed
using the Envision dual link rabbit/mouse HRP revealing
system from Dako cytomation.

Isolation of RNA and reverse transcriptase-polymerase chain
reaction (RT-PCR) analysis. Total RNA was extracted from
cell lines or patient tumour samples (obtained by
transurethral resection surgery and quickly frozen in liquid
nitrogen), with the classic guanidinium isothiocyanate-acid
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Figure 1. Immunohistochemical staining of the PAX8 protein in normal bladder and UCs. Immunohistochemical detection of PAX8 in normal bladder
mucosa and non-invasive urothelial tumours. Each image is from a x20 microscope enlargement. (Panel A) Normal tissue. (Panel B) Papillary urothelial
neoplasm of low malignant potential. (Panel C) Non-invasive low grade papillary urothelial carcinoma. (Panel D) Non-invasive, high grade papillary
urothelial carcinoma.
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phenol method (26). About 1 μg of total RNA was reverse
transcribed using a PAX8-specific primer as described by
Poleev et al (28). The PCR protocol was that of Poleev et al
using the outer primers no. 44 and no. 18 in the first step,
followed by a nested PCR with the inner primers no. 19 and
no. 45, as previously described (28). This approach allows
the amplification of 5 PAX8 isoforms (from A to E: 550,
361, 471, 240 and 138 bp-long respectively) that were
visualized on 2% agarose gel 0.5X TBE. PCR products were
verified by sequencing.

Results

The expression of PAX8 during kidney development has
been extensively reported (8,9,11). For this reason, we
decided to investigate PAX8 expression in normal bladder
mucosa and in non invasive urothelial neoplasias. Papillary
urothelial neoplasia of low malignant potential, low grade
non-invasive papillary urothelial carcinoma and high grade
non-invasive papillary urothelial carcinoma were investigated.
PAX8 expression was evaluated by immunohistochemistry
using a validated polyclonal antibody (24,25). Fig. 1 shows
representative images of PAX8 expression. Quantitative data
are shown in Table I. No PAX8 expression was observed in
any of the cases of normal urothelial mucosa. In contrast,
nuclear PAX8 expression was detectable in 2/2, 10/12 and
16/16 urothelial neoplasia of low malignant potential, non-
invasive low grade and non-invasive high grade carcinomas,
respectively. In the positive samples a large portion of the
cells was stained. No significant difference was observed
between different biopsies from the same patient. Thus,
PAX8 was not expressed in normal adult bladder, but it was
expressed in the majority of non-invasive urothelial
neoplasias.

In order to extend the data obtained by immunohisto-
chemistry, the presence of PAX8 mRNA in normal bladder
mucosa and in non-invasive urothelial neoplasia was

investigated by RT-PCR. Since PAX8 mRNA is subjected to
alternative splicing (27,28), a method to detect the various
PAX8 splicing mRNA isoforms was used (28). As a positive
control, the human BCPAP cell line, derived from a papillary
thyroid carcinoma (29), was utilized. Representative results
are shown in Fig. 2. Confirming the immunohistochemical
data, PAX8 mRNA was not observed in normal mucosa.
Whereas, PAX8 was present in each of the non-invasive
urothelial neoplasias investigated. In terms of the splicing
isoforms, PAX8 expression was extremely heterogeneous,
with the different isoforms differentially represented in the
various non invasive urothelial neoplasias. PAX8 is
expressed in the kidney only during development (8,9,11).
Therefore, the presence of the various PAX8 mRNA
isoforms was evaluated in the bladder of two 16-week-old
human embryos. Panel B of Fig. 2 shows a representative
image of PAX8 expression in a bladder embryo. Only
isoform A was present in the developing bladder, suggesting
that the PAX8 splicing isoforms B, C, D and E may be the
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Table I. PAX8 expression in normal urothelial mucosa and
urothelial papillary carcinomas.
–––––––––––––––––––––––––––––––––––––––––––––––––
Sample No. of No. of % of cell
categories cases positive cases positivity
–––––––––––––––––––––––––––––––––––––––––––––––––
Normal mucosa 9 0 -
Pap. LMP 2 2 67
Pap. NI-L 12 10 53
Pap. NI-H 16 16 62
–––––––––––––––––––––––––––––––––––––––––––––––––
Pap. LMP, papillary urothelial neoplasm of low malignant
potential; Pap. NI-L, non-invasive low grade papillary urothelial
carcinoma; Pap. NI-H, non-invasive high grade papillary urothelial
carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. RT-PCR detection of PAX8 mRNA in the normal bladder and UCs. Evaluation of PAX8 expression by RT-PCR. (Panel A) PAX8 expression in
non-invasive urothelial tumors. (Panel B) PAX8 expression in a 16 week-old human fetus. In both panels the lane 0 indicate RT-PCR lacking cDNA and the
lane BCPAP indicates a thyroid tumour cell line used as a positive control.

1015-1020  6/10/06  16:09  Page 1017



consequence of cancer-specific modifications of the splicing
process.

In order to extend the data on splicing form hetero-
geneity, several cell lines derived from different grade bladder
tumours (5637, RT-112, TCC-SUP and HT-1376) were
analyzed. The cell lines were treated or not with sodium
butyrate (NaB 3 mM, for 28 h), which is a known modulator
of the splicing machinery (30). The results are shown in
Fig. 3. Confirming data obtained in the bladder tumours, the
cell lines showed heterogeneity of the PAX8 splicing
isoforms. The D isoform was present in all the cell lines and
was not modified by the NaB treatment. The E isoform was
present in the RT-112 and HT-1376 cells and disappeared
upon NaB treatment. The A isoform was expressed at
significant levels only in the 5637 and TCC-SUP cells. NaB
treatment induced a decrease of the A isoform in the 5637
cells. In RT-112 cells, the A isoform was evident only upon
NaB treatment. The B isoform was significantly induced by
NaB only in the HT-1376 cells. In terms of the cell lines,
NaB treatment induced significant changes of PAX8 mRNA
isoforms expression in the 5637, RT-112 and HT-1376 cells,
but not in TCC-SUP cells. These data indicate that only a
subset of molecular events that determine the PAX8 mRNA
splicing heterogeneity is sensitive to NaB treatment.

Discussion

The most relevant finding of the present investigation is that
PAX8 is expressed in the majority of non-invasive urothelial
neoplasia, but not in normal adult urothelial epithelium.
Moreover, our data indicate that PAX8 is expressed during
normal bladder development. Thus, the PAX8 expression in
bladder tumours suggests that the dedifferentiation of these
neoplasms occurs through the reactivation of the embryonal
urothelial transcriptional programme. The PAX8 re-appearance

in tumours suggests that the UC cells have ‘regressed’ in an
ontogenic sense and their properties may therefore be
understood clearly by reference to the normal developing cells
rather than cells of a mature urothelial epithelium. However,
we have shown that the splicing patterns observed in bladder
tumours are different to those observed in the developing
bladder. Thus, the ‘regression’ to the embryonal state is
associated to transformation-specific modifications of the
splicing process. Modification of the normal splicing pattern
during cell transformation has been also observed for PAX5.
Borson et al, have reported that, in contrast to normal PAX5
expression, multiple isoforms of PAX5 occur in B cells from
multiple myeloma patients (32).

Treatment of EBV-tranformed lymphoid cell lines with
NaB induced the modification of the splicing of exon 7 of the
SMN1 gene, but not modification of splicing of exons 3 and
5 of the same gene (30). Our data confirm the notion that the
NaB effect is splicing-type specific. In bladder tumour cell
lines, NaB treatment always induces the disappearance of the
PAX8 splicing isoform E, but does not induce modification
of the PAX8 splicing isoform D.

Our findings indicate that the NaB effect, in addition to
the splicing-type specificity, has also cell-type specificity.
Upon NaB treatment, splicing isoform A is increased only in
RT-112 cells, while isoform B is increased only in HT-1376
cells. NaB is able to modify mRNA splicing through the
inibition of histone deacetylase (31), which increases the
expression of a subset of splicing factors (30). Since the
NaB effect on PAX8 mRNA isoforms is splicing-type
specific and cell-type specific, we suggest that in distinct
bladder tumours, different modifications of the splicing
factors expression may occur.

The expression of PAX8 in UCs, but not in normal adult
urothelial cells, may suggest that the expression of this trans-
cription factor contributes to the biological abnormalities of
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Figure 3. Effects of NaB on PAX8 splicing isoforms in bladder tumour cell lines. Each line was treated or not with NaB (3 mM, for 28 h) and PAX8 splicing
isoforms were evaluated by RT-PCR.
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transformed cells. It has been previously shown, that PAX8
may act as an oncogene when overexpressed (4). Moreover,
the proliferation rate of thyroid follicular cells is reduced by
inducing the decrease of PAX8 protein levels (33). PAX8
expression may contribute to urothelial tumorigenesis
through p53. It has been shown, that PAX8 inhibits p53
expression (6) and that p53 deficiency determines urothelial
cell proliferation (34,35).

The expression of PAX genes in bladder cancer has been
observed in previous investigation (36,37). In particular,
Muratoska and colleagues have shown that the EJ cell line,
derived from a G3 human bladder carcinoma, expresses
several PAX genes. In addition, it was shown that in the EJ
cell line, by using siRNA technology to block PAX2
expression, a strong inhibition of proliferation occurs,
suggesting an important role for PAX2 in cell growth.

PAX5 has been found to be expressed in 79% of primary
UCs (34), with a significant positive correlation with growth
aggressiveness. Thus, PAX5 the expression has been
proposed as a marker of malignancy. Accordingly, PAX5 is
also highly overexpressed in most aggressive forms of
malignant astrocytoma (38). However, other data suggest that
PAX5 is frequently expressed (93.3%, only considering
immunohistochemical results) in bladder tumours, without
any relevant correlation either with stage, or with the grade
of the tumours (39). The data described in this study are
similar: PAX8 is expressed in all the different stages of UCs
analyzed. Moreover, different cell lines derived from
different stages of UCs display PAX8 expression, suggesting
that our observation should be extended also to infiltrating
and invasive urothelial neoplasias.

Because of the low sensitivity of urinary cytological
diagnosis of urinary bladder carcinoma, several molecular
markers have been proposed to this task, including telo-
merase, microsatellites, matrix metalloproteinases, survivin,
and cytokeratins (40-43). PAX8 expression in UCs, but not
in normal urothelial epithelium, would make this molecule a
candidate for the non-invasive early detection of bladder
cancer by molecular analysis of urine.
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