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Transitional cell carcinoma (TCC) is the most common type of blad-
der cancer. Emerging evidence has suggested that the capability of
a tumor to grow and propagate is dependent on a small subset of
cells, the cancer stem-like cells (CSCs) or tumor initiating cells. We
report on the isolation and biological characterization of putative
bladder CSC populations from primary TCCs. Isolated cells were
induced to proliferate in stem cell culture conditions (serum-free
medium containing mitogenic growth factors). The proliferating
cells formed spheroids (urospheres) and their abilities for exten-
sive proliferation and self-renewal were assayed. Their positivity
for several stem cell markers (CD133, Oct-3 ⁄ 4, nestin, and cytokera-
tins) was also assessed by immunofluorescence tests and they
could have the potential to differentiate in the presence of serum.
In stem cell culture conditions they gradually showed loss of pro-
liferation, adherence to the substrate, and morphological changes,
which might reflect their progressive acquisition of differentiative
capacity and loss of self-renewal ability. To evaluate if effective
cell selection occurred after isolation, conventional cytogenetic
studies on fresh chromosome spreads immediately after isolation
and after culture were carried out. In addition, a molecular cytoge-
netic study by UroVysion assay was carried out on paraffin-embed-
ded tissue sections and on fresh and after culture nuclei
preparations. The data collected indicated important karyotype
changes and a positive selection for hypo- or near-diploid cells,
losing the complexity present in fresh tumors. (Cancer Sci 2010;
101: 416–424)

B ladder cancer is the fifth most common tumor in the
USA, accounting for 5–10% of all malignancies.(1)

Histologically, more than 90% of bladder cancers are epithelial
transitional cell carcinomas (TCC). Superficial TCC is heteroge-
neous in molecular pathogenesis and 60–90% of patients will
have a tumor recurrence if treated by transurethral resection
alone.(2)

The high frequency of recurrence of superficial TCC of the
bladder and its heterogeneous presentation prompted us to
suppose that stem cells (or cells that by mutation acquired stem
peculiarities) could be involved in the development of this kind
of tumor. Cancer stem cells (CSCs) constitute a rare population
of undifferentiated tumorigenic cells responsible for tumor
initiation, maintenance, and spreading.(3) For tumors containing
a subpopulation of CSCs, there are at least two proposed mecha-
nisms for how the CSCs could have arisen: oncogenic mutations
that inactivate the constraints on normal stem cell expansion; or,
in a more differentiated cell, oncogenic mutations could
generate continual proliferation of cells that no longer enter a
postmitotic differentiated state, thereby creating a pool of self-
renewing cells in which further mutations can accumulate.(3)

Current failure of cancer therapies might be due to their lower
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effect on CSCs that retain their full capacity to undergo and to
restore the tumor cell mass. The development of new CSC-tar-
geted therapies is currently hindered by the lack of reliable
markers for the identification of CSCs and the poor understand-
ing of their behavior and fate determinants. CSCs have been iso-
lated from leukemia(4) and several solid tumors.(5–8) These cells
can be expanded in vitro as tumor spheres, and are able to repro-
duce the original tumor when transplanted in immunodeficient
mice. The existence of CSCs has also recently been reported in
human bladder cancer.(9–11)

Materials and Methods

Patients, tissue collection, and cell cultures. Clinical speci-
mens were collected between 2006 and 2008 after clinically
indicated transurethral resections from 49 patients (42 males and
7 females). The age range of patients was 53–88 years (average
73 years) for males and 58–87 years (average 79.5 years) for
females. Informed consent was obtained before tissue collection.
All resected tissue was examined by one pathologist; staging
and grading were done according to the World Health
Organization Consensus Classification.(12)

Primary tumor samples were subjected to mechanical and
enzymatic dissociation. Before digestion with collagenase,
samples were cut up into small pieces with scissors then minced
completely using sterile scalpel blades. To obtain single-cell
suspensions, the resultant minced tumor pieces were mixed
with collagenase H (Roche, Mannheim, Germany) 0.1% in
DMEM ⁄ F12 (Invitrogen, Milano, Italy) and allowed to incubate
at 37�C for 2–3 h for enzymatic dissociation. They were then
passaged through needles with decreasing diameters and filtered
through a 40-lm nylon mesh. The resulting cells were cultured
with epidermal growth factor and basic fibroblast growth factor
(TebuBio, Rocky Hill, NJ, USA) 20 ng per mL in two culture
conditions: (i) DMEM and serum-free conditions; and (ii)
advanced DMEM ⁄ F12 with 0.5% FCS. Cells were seeded in
5-mL flasks at a low density (2 · 104 viable cells ⁄ cm2) in the
absence of supplementary substrate or adhesion factors.

In vitro differentiation tests were carried out on isolated CSCs
cultured for 1 month in the above conditions. The cells were
then passaged in RPMI-1640 (Euroclone Spa, Milano, Italy)
supplemented with 20% FCS but without the addition of mito-
genic growth factors.

PKH staining. To evaluate whether urospheres showed a
clonal origin, they were stained with fluorescent cell membrane
dyes PKH2 and PKH26 (Sigma, Milano, Italy). Cultured cells
were harvested, centrifuged, washed with 1 · PBS and divided
doi: 10.1111/j.1349-7006.2009.01414.x
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into two groups: one was suspended with PKH2 dye (green) and
the other with PKH26 (red) in the supplied diluents A and C,
respectively. The labelling conditions were 20 millions ⁄ mL.
After incubating the two groups of cells with their respective
labels at room temperature (RT) for 3 min, the reaction was
stopped by adding an equal volume of BSA 1% and medium
without growth factors to remove unbound dye. The labelled
cells were then centrifuged and washed in medium without
growth factors. The two groups of cells were then mixed and
seeded together at a concentration of 80 000 cells ⁄ mL. After
1 week of culture the cells were harvested, centrifuged, washed
with 1 · PBS and placed onto slides by Cytospin at 100g for
5 min. Cells were observed and photographed with a fluorescent
microscope (Leica, Mannheim, Germany).

Immunofluorescent staining. Cells were grown on coverslips
or placed onto slides by Cytospin, fixed with 4% paraformalde-
hyde for 15 min followed by permeabilization with 0.6% Triton
X-100 in PBS for 30 min. Cells were incubated with the
primary antibody overnight at 4�C, then with the secondary
fluorescent antibody for 1 h at RT. The polyclonal rabbit antihu-
man CD133 (1:100; Santa Cruz Biotechnology, Santa Cruz, CA,
USA), recently judged suitable,(13) the monoclonal mouse anti-
human Oct-3 ⁄ 4 (1:50; Santa Cruz Biotechnology), the monoclo-
nal mouse antihuman cytokeratin 5, 14, 8 ⁄ 18 (1:50; Santa Cruz
Biotechnology), the monoclonal mouse antihuman nestin
(1:100; Chemicon, Temecula, CA, USA), and the monoclonal
mouse antihuman nuclei (1:100; Chemicon) were applied. Alexa
Fluor 488-, 546-, and 647-conjugated antimouse or Alexa Fluor
488-conjugated antirabbit (1:200; Invitrogen) were used as sec-
ondary antibodies. In negative controls the first antibody was
eliminated. DAPI or propidium iodide staining for DNA was
also carried out. Fluorescent cell preparations were examined
using a Nikon Eclipse E600 laser scanning confocal microscope
(Nikon, Melville, NY, USA).

Immunohistochemical staining. Formalin-fixed paraffin-embed-
ded tissue sections were deparaffinized with xylene, rehydrated
in descending concentrations of ethanol, and boiled for 30 min
in citrate buffer (10 mM, pH 6.0). Endogenous peroxidase activ-
ity was suppressed with 3% H2O2 for 5 min. Slides were incu-
bated with the monoclonal mouse antihuman Oct-3 ⁄ 4 (1:50;
Santa Cruz Biotechnology), or the monoclonal mouse antihu-
man cytokeratin 5, 14, 8 ⁄ 18 (1:50; Santa Cruz Biotechnology)
for 30 min at RT then stained with an ABC staining system kit
(Santa Cruz Biotechnology). In negative controls the first anti-
Table 1. Summary of bladder cancer sample histotypes used in this stud

Histological

diagnosis

Cited samples

in the text <0.5 0.5

TCC LGNI

17 (34.7%)

012CR08

039CR07

050CR07

031CR08

0 3

TCC LGIN

2 (4.08%)

032CR07

051CR07

0 0

TCC HGNI

3 (6.12%)

016CR06

034CR07

0 0

TCC HGIN

21 (42.8%)

019CR06

037CR07

045CR07

0 1

LMP

5 (10.2%)

— 2 1

CIS

1 (2.05%)

— 0 1

—, indicates no samples cited. CIS, carcinoma in situ; HGIN, high grade infi
infiltrating; LGNI, low grade non-infiltrating; LMP, low malignant potentia
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body was eliminated. Seminoma slides were used as positive
controls for Oct-3 ⁄ 4.

Cytogenetic analysis. Following a 6-h colcemid treatment
(0.1 lg ⁄ mL), cells were subjected to hypotonic treatment with
0.56% KCl for 20 min at RT then fixed with 3:1 methanol:acetic
acid for 10 min. Cells were dropped onto glass slides and
allowed to dry. Chromosome preparations were analyzed by
QFQ banding and the karyotype described as recommended.(14)

FISH analysis on paraffin-embedded tissues, isolated inter-
phasic nuclei, and after culture preparations was carried out
using a UroVysion assay (Vysis, Wiesbaden, Germany). The
hybridization, signal evaluation and counting were carried out
according to the manufacturer’s protocol. At least 100 cells for
each preparation were scored.

All digital images were captured using a Leitz microscope
(Leica DM 5000B) equipped with a charge coupled device
(CCD) camera and analyzed by means of Chromowin software
(Casti Imaging, Venezia, Italy).

Transplantation of tumor cell suspensions into immuno-
deficient mice. Tumor cells (100 000 or 150 000) were resus-
pended in 200 lL PBS and grafted under the left subcapsular
renal space of 10-week-old CD1 nude female mice (Charles
River Laboratories, Calco, Italy). After 8 weeks, grafts were
recovered, fixed in 4% paraformaldehyde (PFA) and processed
for immunohistochemistry.

Results

Isolation and expansion potentiality of bladder CSCs. In this
study we collected 50 primary TCCs. In Italy there is a screen-
ing program for this type of tumor, so diagnosis and surgical
removal are very timely. Consequently, the size of the speci-
mens was always very small (53% were £1 cm). A summary of
histological results and isolation data is reported in Table 1. We
were able to establish cultures from 40 cases because in 10 the
tumor was of inadequate size for processing. Furthermore, for
17 samples the number of isolated cells was under 1 · 106, mak-
ing it very difficult to analyze them by FACS. In 11 cases the
cultures died within 1 week.

Based on the data of published reports, we used two different
culture conditions that could favor stem cell growth (see ‘Mate-
rials and Methods’). For 26 samples a minority fraction of cells
immediately after the isolation (24–48 h) grew into clonally
derived sphere-like clusters, that we named ‘urospheres’. We
y

Tumor size (cm)

1 1.5 2 3 4 >4

9 1 3 0 0 1

1 0 0 1 0 0

1 1 0 0 0 1

5 1 5 5 1 3

2 0 0 0 0 0

0 0 0 0 0 0

ltrating; HGNI, high grade non-infiltrating; LGIN, low grade
l; TCC, transitional cell carcinoma.
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(A) (B)

(C) (D)

(E) (F) (G)

(H) (I)

Fig. 1. Epidermal growth factor (EGF) ⁄ basic fibro-
blast growth factor (bFGF) induced proliferation of
cancer stem-like cells from human transitional cell
carcinomas of the bladder. (A,B) Cell culture
derived from 016CR06 in DMEM, in the presence of
EGF ⁄ bFGF and serum-free conditions: urospheres
after 24 h (A) and sheet-like colonies after 1 week
of culture (B). (C,D) Urospheres after 2 weeks of
culture in DMEM ⁄ F12 medium, in the presence of
EGF ⁄ bFGF and 1% FCS. (C) Vacuolated urospheres
(from 034CR07); (D) non-vacuolated urospheres
(from 039CR07). (E–G) Urospheres cultured in the
same conditions as (C,D), 1 week (E), 1 month (F),
and 2 months (G) after isolation from 034CR07.
Morphological changes occurred in the cells and
they became able to adhere to the substrate;
moreover, a gradual decrease of mitotic activity
was observed. (H,I) Double fluorescence images on
day 7 after in vitro staining with PKH2 (green) and
PKH26 (red) in 039CR07 urospheres, indicating their
clonal origin. The nuclei were counterstained with
DAPI (blue). Scale lines: 5 lm (A,C–G); 10 lm (B).
observed that in the first culture system (DMEM and serum-free
condition), these spheres disappeared after 1 week of culture,
then they were replaced by sheet-like colonies that remained for
approximately 3 months in culture (Fig. 1A,B). The morphol-
ogy of these sheet-like colonies were reminiscent of those of
multipotent progenitors in the embryonic mouse kidney.(15) In
contrast, in the second culture system (DMEM ⁄ F12 and FCS),
we observed that 60% of samples generated vacuolated spheres.
In approximately 40% of samples the spheres were mixed, vacu-
olated, and non-vacuolated (Fig. 1C,D). In these culture condi-
tions, the isolated cells were maintained and expanded from
1 week to 5 months, with an average of 90 days in vitro, but the
cultured cells gradually showed loss of proliferation, adherence
to the substrate, and morphological changes (Fig. 1E–G).

Furthermore, we applied the techniques to functionally
characterize the tumor cell populations.(16) We assessed the
capabilities for long-term proliferation, self-renewal, and clonal
origin of urospheres by subculturing, limiting dilution, and PKH
staining. The self-renewing capacity was assessed by dissocia-
tion of the primary tumor spheres and plating the resulting cells
418
at clonal density: only a minority of them (approximately 2%)
formed secondary spheres, although with a gradual decrease,
accordingly to Reynolds data.(17) Then the self-renewing capac-
ity was assessed by dissociation of the primary tumor spheres
and plating the resulting cells at a dilution of 1 cell ⁄ well. In the
limiting dilution assay the direct observation of the clone forma-
tion starting from an individual cell showed that only a small
percentage of urosphere-derived cells (<5%) will generate
secondary spheres (data not shown).

Finally, we assessed the clonal origin of urospheres by PKH
staining.(18) Spheres were mechanically dissociated to single
cells then one-half of them was stained with PKH2 and the
remaining with PKH26. The stained cells were plated together
and observed under a fluorescent microscope after 1 week of
culture. The single cells generated urospheres that did not
contain at the same time green and red cells, indicating the
clonal origin of urospheres (Fig. 1H,I).

Isolated CSCs positive for stem cell markers. We tested the
immunoreactivity of CD133 as recent findings pointed to it as
representing a marker of tumor-initiating cells in human
doi: 10.1111/j.1349-7006.2009.01414.x
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(C) (D)

(E) (F)

(G) (H)

(I) (J)

Fig. 2. Selected images of immunofluorescence
analysis on cultured cells isolated from transitional
cell carcinoma samples. (A–D) CD133 expression
(green) in non-vacuolated (A, 039CR07) and
vacuolated (B, 051CR07) spheres, and in adherent
cells derived from urospheres of a 034CR07 sample
(C,D). (E,F) Oct-4 expression (green) in adherent
cells derived from urospheres of a 034CR07 sample.
Note the nuclear but also cytoplasmic localization
of Oct-4. (G) Nestin expression (green) in adherent
cells derived from urospheres of a 012CR08 sample.
(H,I) Expression of CK5 (H, green) and CK14 (I,
green) in adherent cells derived from urospheres of
a 050CR07 sample. (J) Expression of CK8 ⁄ 18 (green)
in adherent cells derived from urospheres of a
034CR07 sample. Anti-actin (red) in (A–D) and (H–J);
anti-nuclei (blue) antibodies in (A–D); nuclei in red
(PI) in (F,G). Scale lines: 5 lm.
cancer.(19) CD133 showed a widespread positivity in non-vacuo-
lated spheres (Fig. 2A), but is localized and confined to the
membrane area in vacuolated spheres (Fig. 2B), according to
expression data for epithelial cells.(20) To assess the antigenic
properties of the adherent cells, we carried out indirect immuno-
fluorescent staining for the embryonic stem cell marker Oct-3 ⁄ 4
and for early progenitor cell marker nestin, in addition to
CD133, and finally for cytokeratins as specific epithelial mark-
ers. Cells resulted immunoreactive for all the markers used. In
particular, almost 100% of adherent cells were immunoreactive
for CD133 and Oct-4, and this positivity was assessed at differ-
ent times during culture (Fig. 2C–F). One hundred percent of
cells were positive for nestin, with 5–10% for cytokeratins 5,
14, and 8 ⁄ 18 (Fig. 2G–J). These findings were reproduced in
three independent cultures from three different samples of
different histotype.

Isolated CSCs derived from subpopulations of originary tumor.
In order to evaluate a possible correlation between the heteroge-
neous characteristics observed in tumors in vivo and the hetero-
geneity evidenced in the isolated tumor cells with stem cell
Bentivegna et al.
properties in vitro, we checked the positivity of Oct-3 ⁄ 4 and
cytokeratins on paraffin-embedded tumor sections (see Support-
ing Information, Figs S1, S2; Table S1 for quantitative data).
The positivity for Oct3 ⁄ 4 was spread throughout the tumor
section without any specific localization (Fig. S1A–C), with
�50% of positive cells, reflecting the cell heterogeneity of histo-
logical data. Conversely, immunohistochemical analysis with
cytokeratins evidenced a precise and, for the most part, mutually
exclusive localization of the positivity. In particular, CK5 was
restricted almost exclusively to the germinative layer. CK8 was
more widespread, although it showed more positivity in the
luminal area of the section (see Fig. S2). The results were
confirmed in at least three independent tumors of different
histotype.

Differentiation potential of isolated CSCs. The capability to
differentiate is another important feature of CSCs.(21) Cells
isolated from a 012CR08 sample (see Table 1) were cultured for
1 month in serum-free conditions with epidermal growth factor
and basic fibroblast growth factor (Fig. 3A–C). Then we
established a parallel culture in RPMI-1640 supplemented with
Cancer Sci | February 2010 | vol. 101 | no. 2 | 419
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(A)

(B)

(C)

(D)

(E)

(F)

Fig. 3. Differentiation induction of cancer stem-like
cells isolated from sample 012CR08. After 1 month
in DMEM ⁄ F12 plus epidermal growth factor ⁄ basic
fibroblast growth factor and serum-free conditions,
the cells were passaged in the same culture
conditions (A–C), or in RPMI-1640 supplemented
with 20% FCS without epidermal growth factor ⁄
basic fibroblast growth factor (D–F). Note the
morphology heterogeneity of cells in different areas
of the same culture. The images were recorded at
time 0 (A,D) and after 7 days of culture in both
conditions (B,C,E,F). Scale lines: 10 lm.
20% FCS but without mitogenic growth factors (see ‘Materials
and Methods’ and Fig. 3D–F). After 1 week we observed fibro-
blast-like cells and a wide morphological heterogeneity in both
culture conditions (Fig. 3B–F), but in RPMI-1640 we also noted
the appearance of a monolayer of growing cells resembling a
paved epithelium with an apparent recovery of the contact inhi-
bition. Immunofluorescence analysis for Oct-3 ⁄ 4, CD133, and
nestin showed a decreased percentage of cells expressing
Oct-3 ⁄ 4 and CD133 (85% and 55%, respectively) compared to
the cells of the same sample cultured in DMEM ⁄ F12 conditions.
Nestin expression was found in 100% of cells in both cultures
(Fig. 4A–F). In paraffin-embedded tumor sections of the sample,
we also tested for the presence and localization of nestin-
expressing cells, and we located them in confined areas
(Fig. 4G,H). These findings were reproduced in at least three
independent cultures from three different samples of different
histotype.

Cytogenetic characterization of isolated CSCs. In order to
evaluate if an effective cell selection has occurred after the
isolation we carried out conventional cytogenetic analysis on
fresh TCC samples and on cultured CSCs (Fig. 5). Evidence for
general chromatin instability and degeneration was observed in
all fresh samples and many different numerical and structural
aberrations, especially Y chromosome involvement (75% out
of all abnormalities observed), were detected, showing a very
high karyotype complexity, nearly impossible to analyze
420
(Fig. 5A–E). In addition, we observed more hyperdiploid
cells (82.8%) in high grade TCC, and hypodiploid cells in low
grade TCC (77.3%). Cytogenetic analysis on preparations
after culture indicated a general decrease of complexity with
decrease ⁄ loss of complex rearrangements and chromatin insta-
bility absence; furthermore, a negative selection against the
hyperdiploid cells was shown, especially in high grade TCC
(Fig. 5F).

Finally, a molecular cytogenetic study using UroVysion assay
on paraffin-embedded tissue sections and on fresh and after
culture nuclei preparations, evidenced a significant heterogene-
ity also among tumors with the same histotype (Fig. 5G–I and
Table S2; Fig. S3). Even if the number of samples is small, the
differences in the number of signals recorded before and after
culture, for each sample and for each type of event (loss [num-
ber of signals ⁄ cell <2], disomy [number of signals ⁄ cell =2], or
gain [number of signals ⁄ cell >2]) a cell selection during in vitro
culture can be assumed.

Tumorigenicity of isolated CSCs. To investigate the tumori-
genic potential of isolated CSCs, 100 000 or 150 000 cells from
two samples of low grade non-infiltrating TCC (012CR08 and
031CR08) and a high grade infiltrating TCC (019CR09) were
orthotopically injected in CD-1 nude mice as described in
‘Materials and Methods’. Two months after the graft there were
no visible signs of new tumours in any of the immunocompro-
mised transplanted mice.
doi: 10.1111/j.1349-7006.2009.01414.x
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(A) (B)

(C) (D)

(E) (F)

(G) (H)

Fig. 4. Immunofluorescence staining in cancer
stem-like cells isolated from sample 012CR08 after
differentiation induction. The experiments were
carried out after 1 week in DMEM ⁄ F12 plus
epidermal growth factor ⁄ basic fibroblast growth
factor and serum-free conditions (A,C,E) or in RPMI-
1640 supplemented with 20% FCS without
epidermal growth factor ⁄ basic fibroblast growth
factor (B,D,F). Expression of Oct-4 (A,B), nestin
(C,D), and CD133 (E,F) shown in green. Nestin
expression (blue) on paraffin-embedded tumor
sections of the same sample (G,H). Nuclei in red
(A–D, G–H) or blue (E–F); anti-actin in red (E). Scale
lines: 5 lm.
Discussion

In this multidisciplinary study we report on the biological-cyto-
genetic characterization of putative bladder CSC populations
isolated from human primary TCCs (for a summary of collected
data, see Table S3 in Supporting Information). Because the sam-
ples had such small dimensions we had to choose the most
appropriate experiment for each. We used two different culture
conditions to expand the isolated cells and we observed uro-
sphere formation in both cases within 24–48 h. However cells
only in the second system (DMEM ⁄ F12 and FCS), seemed to be
expanded and maintained. In these conditions, the spheres had
two different morphologies with no apparent histological grad-
ing correlation. Our preliminary results on the clonal origin,
self-renewal, and long-term proliferation abilities of urospheres
converged to confirm the existence of cancer cells showing stem
features in human bladder TCCs, in agreement with recent
reports.(9–11) Our data converged on the extreme heterogeneity
of these cells, as reported by Chan et al.,(11) but we also showed
how they can change their biological characteristics, at least
Bentivegna et al.
in vitro. Indeed, the cultured cells gradually showed loss of pro-
liferation, adherence to the substrate, and morphological
changes that might reflect their progressive enrichment in cells
that could have acquired differentiative capacity and loss of
self-renewal ability. The adherent cells derived from urospheres
were a heterogeneous population with a majority of Oct-3 ⁄ 4 +,
CD133+, and nestin+ progenitor cells, and a minority of cells
positive for cytokeratins, that could be considered already pro-
grammed to differentiate. Therefore, our data seem to support
the model recently proposed by Gupta et al. on the possible
existence of plasticity between stem cells and their committed
derivatives.(22) As suggested by the authors, greater phenotypic
plasticity might exist in tumor cell populations than is conven-
tionally thought, and such plasticity suggests that a dynamic
equilibrium could exist between CSCs and non-CSCs within
tumors. Moreover, this equilibrium may be shifted in one direc-
tion or another by contextual signals within the tumor, or in the
culture systems. Therefore, the cancer stem cell model could be
modified and merged with the clonal evolution model, where the
intrinsic differences between tumorigenic and non-tumorigenic
Cancer Sci | February 2010 | vol. 101 | no. 2 | 421
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(C)

(D)

(E)

(F)

(G)

(H) (I)

Fig. 5. Karyotype instability of isolated cancer
stem-like cells. (A–E) Selected images of QFQ
banded metaphases from cases 037CR07 (A) and
019CR06 (B,C, particulars of metaphases). Particulars
of chromosomal rearrangements of chromosome 1
in 032CR07 (D) and chromosome Y aberrations in
045CR07 (E). (F) Chromosome counting results of
eight fresh chromosome preparations and five after
culture. A positive selection for hypo- or near-
diploid cells after culture has been suggested, as
evidenced by sample 037CR07, the only case in
which it was possible to analyze metaphases in
both preparations. (G,H) Two UroVysion FISH test
examples, on a paraffin-embedded tissue section
(G) and on a preparation after culture (H). (I)
UroVysion FISH signals distributions versus cell
numbers to identify the alterations selected by the
culture conditions for sample 039CR07.
cells, instead of being stable and epigenetic, could be unstable,
epigenetic, or genetic.(23)

To our knowledge, this is the first cytogenetic study carried
out on fresh chromosome preparations and, when possible, after
different times of culture, in order to evaluate the differences
and possible clonal selection induced by in vitro conditions. Our
protocol showed a positive selection for hypo- or near-diploid
cells, as indicated by the general decrease of hyperdiploid cells
after culture (Fig. 5F). As the number of cell, due to the small
dimensions of the tumors, were not enough to carry out high-
resolution comparative genomic hybridization (CGH)-array, we
applied the UroVysion assay on paraffin-embedded tissue sec-
tions and nuclei samples after culture (Fig. 5G,H). This assay is
designed to detect aneuploidy of chromosomes 3, 7, and 17, and
the loss of the 9p21 locus on chromosome 9, and is currently
used in the surveillance of patients with bladder carci-
noma.(24,25) Although there are only small numbers of samples
to draw conclusions, by comparing tissue and after-culture data,
we observed a great heterogeneity among samples with the same
histotype. Many studies have indicated that different populations
of CSCs reside within the same tumor, bearing quite diverse
tumorigenic potential and distinct genetic anomalies.(11,26–29)
422
Thus, we hypothesized that the isolated CSCs were a heteroge-
neous population also for cytogenetic abnormalities and the an-
euploidies detected by the UroVysion assay could be later and
more stable events of tumor progression. Incorporating the con-
cept expressed by Ali and Sjöblom,30 we could assume that our
cells represented precancerous stages of the tumor with a hetero-
geneous presence of passenger mutations that, thanks to a posi-
tive selective pressure, could favour the onset of driver
mutations, capable of contributing to disease progression. Once
again there emerged the importance of the microenvironment
for the selection of cells give rise to. Similarly, we could argue
on the inability so far recorded by these cells to induce xenograft
tumors in vivo. In this context it is necessary to remember that it
has been amply established that whichever immunocompro-
mised model was used there can be a wide variability in results
of xenotransplantation, using the same number of cells derived
from the same tumor;(31) see also the review by Shackleton
et al.(23) In the recently published work of Chan et al.,(11) highly
immunocompromised NOD ⁄ SCID mice were used, lacking T,
B, and NK cells (RAG2) ⁄ cc) mice). Five of 14 tumors were
successfully engrafted (four of which were high grade infiltrat-
ing tumors) after a latency of 3 months, with no obvious correla-
doi: 10.1111/j.1349-7006.2009.01414.x
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tions with their immunophenotype.(11) In comparison, we used
CD-1 nude mice, lacking only T cells, and one low grade non-
infiltrating and one high grade infiltrating tumor, with a latency
of 2 months.

As previous reports have indicated a long latency required by
cancer cells to induce tumors (3–6 months for glioblasto-
mas,(26,32) 8 months for melanomas(31)), and Shackleton et al.(23)

pointed out the extreme variability of such assays, our xenotrans-
plantation experiments could be considered inconclusive. How-
ever, we could argue that the aggressiveness of the injected cells
is very low, and in fact bladder cancer occurs mainly in older
people, since it is an old-onset cancer.

In conclusion, in this study we report on the isolation and pre-
liminary characterization of putative bladder CSC populations
Bentivegna et al.
from primary TCCs. Although there does not appear to be any
obvious correlation with the histotype degree, further molecular
and functional studies on a larger number of samples might pro-
vide valuable information of such a putative CSC population, to
be exploited in the clinical setting and therefore be the target of
future therapies.
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Supporting Information

Additional Supporting Information may be found in the online version of this article:

Table S1. Quantitative data of immunostaining (Immunohistochemistry).

Table S2. UroVysion FISH results on transitional cell carcinoma paraffin-embedded tissue sections and on cultured cancer stem-like cells from
the same sample.

Table S3. Data summary of this study.

Fig. S1. Oct-4 protein expression on paraffin embedded tumor sections. (A–C) Patient 050CR07: note the random spatial distribution of positive
nuclei. (D) Atypical ectopic localization of Oct-4 in a tumor section of patient 039CR07 otherwise negative for this marker. The inserts show: an
enlargement of the positive nucleus (bottom left); an Oct-4 positive cell (top right) isolated from the same tumor (85% of cultured cells were posi-
tive). (E) Oct-4 expression on tumor section of patient 034CR07. (F) Oct-4 expression in human seminoma (as positive control for Oct4). Scale
lines: 10 lm.

Fig. S2. Differential expression of cytokeratins in two samples of transitional cell carcinoma with different histological grade. (A,B) Expression of
CK5 (A) and CK8 (B) in two consecutive sections of a high grade non-infiltrating tumor (034CR07). Note the restricted positive but mutually
exclusive area for both markers. (C,D) Expression of CK5 (C) and CK8 (D) on low grade non-infiltrating tumor sections (039CR07). Scale lines:
5 lm.

Fig. S3. Graphic summary of UroVysion FISH results reported in Table SII. For each probe, values show the difference between the total number
of signals recorded after culture and that of fresh tissue. Data were divided according to loss (number of signals ⁄ cell <2), disomy (number of sig-
nals ⁄ cell =2), and gain (number of signals ⁄ cell ‡3). HGIN, high grade infiltrating; HGNI, high grade non-infiltrating; LGIN, low grade infiltrating;
LGNI, low grade non-infiltrating.

Please note: Wiley-Blackwell are not responsible for the content or functionality of any supporting materials supplied by the authors. Any queries
(other than missing material) should be directed to the corresponding author for the article.
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