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Cíle práce 
 

 
2 Cíle práce 
 
 
 
Hlavním cílem předložené práce bylo přispět k upřesnění významu 
změn exprese adhezivních molekul CD44 ve vzniku a maligním 
chování uroteliálních karcinomů močového měchýře. K jednotlivým 
etapám pro splnění tohoto cíle patřily: 
 
2.1 Detailní stanovení exprese CD44s a CD44v6 proteinů 

v uroteliálních karcinomech močového měchýře ve vztahu ke 
stupni diferenciace nádoru. 

 
2.2 Určení vztahu změn exprese CD44 proteinů v závislosti na 

histomorfologických charakteristikách uroteliálních karcinomů 
močového měchýře a na dalších ukazatelích biologického chování 
nádoru (proliferační aktivita, exprese p53). 

 
2.3 Vyhodnocení exprese CD44s a CD44v6 proteinů ve dvou 

fenotypicky odlišných buněčných liniích uroteliálních karcinomů 
(HT1197 a 5637) a zjištění vztahů exprese CD44 k morfologickým a 
růstovým vlastnostem nádorových buněk těchto linií. 
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Departments of 1Urology and 2Pathology, 3rd Faculty of Medicine, Charles University in Prague, and
Faculty Hospital of Kralovske Vinohrady, Prague, Czech Republic
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Alterations of CD44 glycoproteins have been shown to play an important role in progression of
various malignancies, including urothelial cancer. We investigated expression patterns of CD44s and
CD44v6 in transitional cell carcinoma (TCC) of the urinary bladder in relation to tumour grade,
proliferative activity, and immunoreactivity for p53. The selected markers were detected immunohisto-
chemically in 122 samples of TCC. We found a close relationship between CD44s and CD44v6 expres-
sion and tumour grade. The extension of positive staining for CD44s and CD44v6 towards the luminal
surface was a predominant feature of differentiated carcinomas (grades 1 and 2), suggesting deranged
maturation of cancer cells related to their neoplastic transformation. Heterogeneous expression of
CD44s and CD44v6 predominated in poorly differentiated tumours (G3–4). However, areas of squam-
ous differentiation within the high-grade tumours displayed strong immunoreactivity for both CD44s
and CD44v6. The proliferative activity and p53 overexpression increased with the dedifferentiation of
the tumour. The results of this study are discussed in relation to the significance of CD44 expression
in TCC and to the explanation for controversial results reported in previous studies on the relationship
between CD44 expression and the biological behaviour of urothelial cells.
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Transitional cell carcinoma (TCC) of the uri-
nary bladder is the 2nd most frequent malig-
nancy of the genitourinary tract (1). Despite the
identical histogenetic background, TCC can be
viewed as two different disease processes, which
vary distinctly in clinical course (2). Superficial,
mucosa-confined, usually low-grade bladder tu-
mours, are characterised by a high recurrence
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rate (approx 50–80%), but by a relatively lower
tendency to progression towards higher grade
or stage of the disease (up to 30%) (2–4). In
contrast, invasive bladder cancer is usually
linked with a high degree of cytological atypia,
high invasive potential, and tendency to meta-
static spread and relapse even after aggressive
therapy (2, 5).

Standard histopathological characteristics of
urothelial cancers, including assessment of
grade and stage, remain the primary variables
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according to which the tumour is classified and
its malignant potential evaluated. However, a
description of other characteristics of cancer
cells contributes to a more precise assessment of
the tumour’s behaviour (2).

Recently, interest has also been focused on the
significance of cell adhesion molecules in the
process of neoplastic transformation and on the
invasive potential of urothelial carcinomas (6).
CD44 adhesion molecules are one of the groups
that have been studied, with transmembrane
glycoproteins ubiquitously expressed in virtu-
ally all cell types (7, 8). They possess a broad
spectrum of functions, participating in regula-
tory processes during organ differentiation, cell
migration and aggregation, and in maintaining
three-dimensional tissue architecture and integ-
rity (8–11). Variant isoforms of CD44 (CD44v)
are generated by alternative splicing of the vari-
ant exons of the complex CD44 gene, located
on chromosome 11p13 (12).

The characteristic pattern of expression of
CD44s and variant CD44 isoforms (i.e. CD44v2,
-3,-4,-5,-6) in the urothelium has been described
under normal conditions (13–15). Immunoreac-
tivity for these molecules predominates in the
basal and epibasal layers of normal urothelium.
These compartments are formed of cells pos-
sessing undifferentiated phenotype and dis-
playing characteristics of adult tissue progenitor
and transit amplifying cells (13, 16, 17). In TCC
of the urinary bladder, expression of both CD44s
as well as its splicing variant CD44v6 is altered,
with a tendency to decrease along with tumour
dedifferentiation and invasion (14, 18–22). Some
of these authors have stated that a relationship
exists between the expression of the CD44 stan-
dard form and its variant isoforms and prognosis
(18, 23), but, in contrast, others have failed to es-
tablish a prognostic significance for CD44 ex-
pression and outcome of patients (19).

The aim of this study was to perform a de-
tailed analysis of the pattern and distribution of
CD44s and CD44v6 expression in TCC of the
urinary bladder in relation to tumour grade,
level of proliferative activity as evaluated by Ki-
67 (MIB-1) expression, and p53 immunoreactiv-
ity. We have also tried to contribute to the eluci-
dation of the previously published controversial
results regarding the significance of CD44s ex-
pression in TCC.
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MATERIALS AND METHODS

Tissue samples
122 samples of TCC of the urinary bladder were

retrieved from the depository of the Department of
Pathology, 3rd Faculty of Medicine, Charles Univer-
sity in Prague, and the Faculty Hospital of Kralovske
Vinohrady, Prague, Czech Republic. These samples
represented the operative specimens obtained from
bladder biopsy, transurethral resection or radical cys-
tectomy performed at the Department of Urology at
the same hospital. Formalin-fixed, paraffin-embed-
ded specimens were processed by routine histological
techniques. Microscope slides were stained with
haematoxylin and eosin (H&E) and evaluated under
an optical microscope by an experienced pathologist
(VM), who reviewed all the original H&E-stained
slides, verified the diagnoses, and reclassified the tu-
mour stage and grade according to the UICC 2002
TNM classification (24). The tumours were classified
into three groups according to the tumour grade. In
cases where the material was sufficiently representa-
tive, the tumour stage was also estimated.

Immunohistochemistry
Selected antigens were detected immunohistochem-

ically, employing monoclonal mouse IgG-reactive
antibodies against CD44s, Ki-67, p53 (DAKO,
Glostrup, Denmark), and CD44v6 (Zymed, San
Francisco, CA, USA), diluted 1:50, 1:200, 1:100 and
1:100, respectively, in PBS containing 5% foetal calf
serum (FCS). Serial, 5-mm-thick representative sec-
tions of formalin-fixed, paraffin-embedded speci-
mens, placed on poly-L-lysine-coated slides were
used. The slides were deparaffinized, rehydrated in
series of graded alcohols to distilled water, and
treated with citrate buffer (pH 6.0) three times for
5 min at 750 W in a microwave oven. Endogenous
peroxidase activity was quenched by incubating the
sections for 30 min with 3% peroxide in 0.1% sodium
azide, diluted in distilled water. Subsequently, pri-
mary antibodies, diluted in 5% bovine foetal serum,
as described above, were applied and the slides were
incubated overnight at 4 æC in a humidified chamber.
Then the sections were incubated for 30 min using
a peroxidase detection system (EnVisionπTM, HRP.
Mouse; DAKO Corp., Carpinteria, USA) and visual-
ised using diaminobenzidine (Sigma Chemicals, St.
Louis, MO, USA) as chromogen. Between each step
the slides were washed with tris-phosphate buffer (pH
7.6) for 5 min. Finally, the slides were counterstained
with Harris’s haematoxylin, dehydrated, and mount-
ed. Positive and negative controls, respectively, were
used for each staining condition.

Evaluation and scoring of immunohistochemical
staining

Immunohistochemically stained slides were ob-
served independently by two investigators (JK and
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VM) under a standard light microscope (Nikon EC-
LIPSE E 400). The evaluation scheme for CD44s and
CD44v6 included the following parameters: 1) stain-
ing intensity of expression of the CD44 proteins, as-
sessed semiquantitatively and scored according to
three grades: negative, moderatly positive, strongly
positive. Samples showing positive immunostaining
were further assessed for: 2) type of positivity––loca-
tion of antigen expression within the cell (membra-
nous, cytoplasmic and mixed––membranous/cyto-
plasmic); 3) mode of topographic distribution of
antigen expression in neoplastic cells within different
layers (basal, epibasal, and superficial) of the neo-
plastic urothelium, and 4) pattern of overall distri-
bution of immunostaining within the tumour sample
(diffuse, focal, dispersed). Immunoreactivity for
CD44 proteins was always assessed in the entire sec-
tion. Additionally, in 11 specimens obtained by rad-
ical cystectomy, and in 3 other specimens, expression
of CD44s and CD44v6 in the areas of normal, non-
neoplastic urothelium was evaluated.

To quantify the immunoreactivity of Ki-67 and
p53, at least 800 tumour cells in 4 selected representa-
tive high-power fields were assessed for the respective
antigen and sample. Cells that exhibited specific nu-
clear immunoreactivity were expressed as a percen-
tage of the total number of tumour cells counted.
Three categories of proliferative activity of tumour
cells as determined by immunohistochemical detec-
tion of Ki-67 were established: minimalÆ1%, in-
creased�1% and Æ20%, and high�20% Ki-67-posi-
tive cells (25–31). Three categories of p53 immuno-
reactivity were established: negative�10%, lowØ10
�50%, and highØ50% of p53-positive nuclei (26, 32–
34).

Statistical analysis
Relationships between the histopathological

characteristics (grade, stage) of the tumours, inten-
sity of CD44s and CD44v6 expression and Ki-67 and
p53 immunoreactivity were statistically analysed
using Kendall’s tau_b correlation test. Data regarding
type of positivity, stratification and distribution of
CD44s and CD44v6 immunostaining were analysed
for correlation between variables and tumour grade
(Kendall’s tau_c). All data were processed with
STATISTICA statistical software.

TABLE 1. Histopathological characteristics of the tumour samples, divided into three groups according to grade
of TCC

Grade N Stage
pTa pT1 pT2 pT3 pT4 pTx

G1 34 (27.9%) 22 6 0 0 0 6
G2 54 (44.2%) 17 22 0 0 0 15
G3π4 34 (27.9%) 0 11 13 0 2 8
N 122 39 (32%) 39 (32%) 13 (10.6%) 0 (0%) 2 (1.6%) 29 (23.8%)
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RESULTS

Morphology and grade of the tumours
Of the 122 samples, 34 (27.9%) were assessed

as grade 1 (G1) tumours, 54 (44.2%) as grade
2 tumours (G2), whereas the group of poorly
differentiated carcinomas (G3–4) consisted of
34 (27.9%) samples. Eight cases from the poorly
differentiated tumours were anaplastic, three of
them showing focal squamous differentiation.
The distribution of samples into groups accord-
ing to grade and stage of the tumour is shown
in Table 1.

CD44s and CD44v6 expression
The pattern of CD44s staining in normal uro-

thelium was membranous, with the maximum
intensity in the basal cell layers (localised pre-
dominantly in the basolateral regions of the
cells). The intensity of staining decreased in a
step-wise manner towards the surface, leaving
the upper part of the intermediate and the most
superficial layers of urothelium with highly dif-
ferentiated umbrella cells entirely negative for
CD44s. This staining pattern was diffusely pres-
ent within the normal urothelium. Scattered
CD44s positivity was found within the stromal
elements that constitute the lamina propria. The
intensity of immunostaining for CD44v6 was
relatively higher compared to CD44s; however,
the distribution of positively stained cells was
practically identical. Again, expression was
most pronounced in the basal layer, diminished
gradually towards the superficial layer, while the
uppermost superficial layer of umbrella cells
was negative for CD44v6. Stromal elements of
subjacent connective tissue did not express the
CD44v6 antigen (Fig. 1A). The data on CD44s
and CD44v6 expression in tumour samples are
summarized in Table 2.

In all 34 cases of grade 1 (G1) tumours, neo-
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Fig. 1. Expression of CD44s and CD44v6 in urothelium and in transitional cell carcinoma. (A) Expression of
CD44v6 in normal urothelium. Membranous localisation with maximum intensity in the basal cell layers,
decreasing in a step-wise manner towards the surface. Superficial umbrella cells are negative for the antigen.
(B) Expression of CD44v6 in G1 TCC. Stratification of immunoreactivity with ‘‘shift’’ phenomenon. (C) Ex-
pression of CD44v6 in G2 TCC. Homogeneous staining intensity throughout the whole thickness of the neo-
plastic urothelium. (D) Focal immunoreactivity for CD44v6 in G2 TCC. Areas of negative immunostaining
alternating with areas showing positivity for CD44v6. (E) Irregular immunostaining for CD44s in G3 TCC,
showing focal distribution and no signs of stratification. (F) Dispersed immunostaining of CD44v6 in G3–4
TCC-solitary neoplastic cells only express CD44s (original magnification 200¿).
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TABLE 2. Expression of CD44s and CD44v6 in relation to tumour grade

Grade CD44s
Staining intensity Type of positivity Topographic distribution Overall distribution

G1 Strong M Stratification, no shift Diffuse
3 (8.8%) 34 (100%) 14 (41.2%) 16 (47.1%)

Moderate Stratificationπshift Focal
31 (91.2%) 18 (52.9%) 18 (52.9%)
Negative No stratification Dispersed
0 (0%) 2 (5.9%) 0 (0%)

G2 Strong M Stratification, no shift Diffuse
4 (7.4%) 46 (97.9%) 11 (23.4%) 26 (55.3%)

Moderate M/C Stratificationπshift Focal
43 (79.6%) 1 (2.1%) 32 (68.1%) 21 (44.7%)
Negative No stratification Dispersed
7 (13%) 4 (8.5%) 0 (0%)

G3π4 Strong M Stratification, no shift Diffuse
6 (17.6%) 18 (72%) 0 (0%) 5 (20%)

Moderate M/C Stratificationπshift Focal
19 (55.9%) 6 (24%) 2 (8%) 13 (52%)
Negative C No stratification Dispersed
9 (26.5%) 1 (4%) 23 (92%) 7 (28%)

CD44v6
G1 Strong M Stratification, no shift Diffuse

14 (41.2%) 34 (100%) 6 (17.6%) 29 (85.3%)
Moderate Stratificationπshift Focal
20 (58.8%) 24 (70.6%) 5 (14.7%)
Negative No stratification Dispersed
0 (0%) 4 (11.8%) 0 (0%)

G2 Strong M Stratification, no shift Diffuse
23 (42.6%) 53 (100%) 1 (1.9%) 46 (86.8%)
Moderate Stratificationπshift Focal
30 (55.6%) 42 (79.2%) 7 (13.2%)
Negative No stratification Dispersed
1 (1.8%) 10 (18.9%) 0 (0%)

G3π4 Strong M Stratification, no shift Diffuse
7 (20.6%) 15 (53.6%) 0 (0%) 6 (21.4%)

Moderate M/C Stratificationπshift Focal
21 (61.8%) 13 (46.4%) 0 (0%) 16 (57.2%)
Negative No stratification Dispersed
6 (17.6%) 28 (100%) 6 (21.4%)

Type of positivity: MΩmembranous, CΩcytoplasmic, M/CΩmixed membranous and cytoplasmic.

plastic cells showed membranous immunoreac-
tivity for CD44s. Three tumours (8.8%) were as-
sessed as strongly positive for CD44s, whereas
31 tumours (91.2%) showed only moderate
staining intensity. A gradual decrease of im-
munostaining intensity towards the luminal sur-
face, resembling non-neoplastic urothelium, was
present in G1 cancers. However, in these cases,
immunoreactivity for CD44s also extended to
the most superficial cell layers consisting of cells
weakly, but uniformly, positive for this antigen.
This stratification was observed in 14 (41.2%)
tumours. A further 18 G1 tumours (52.9%)
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showed stratification of immunoreactivity, but
with a modified pattern. In these tumours, this
more prominent staining intensity was also
present explicitly in basal cells and further de-
creased towards the intermediate layers, but
subsequently there was not such an obviously
pronounced decline of intensity in the luminal
direction (within the intermediate and super-
ficial layers). This stratified, but clearly ex-
tended, expression of CD44s upwards the lu-
minal zone of neoplastic epithelium was pointed
out as stratification with a ‘‘shift’’ of positive
immunostaining. In two cases of G1 tumours
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(5.9%), no signs of stratification were present.
The whole thickness of epithelium showed ho-
mogeneous or irregular staining intensity for
CD44s. The overall distribution of positive im-
munostaining within the tumour was diffuse in
16 cases (47.1%), while in 18 cases (52.9%),
focal immunoreactivity for CD44s was ob-
served, with entirely negative areas within the
neoplastic urothelium throughout its whole
thickness.

Membranous immunoreactivity for CD44v6
was observed in all G1 tumours. The prevailing
intensity of staining was moderate in 20 (58.8%)
and strong in 14 (41.2%) samples. The phenom-
enon of immunoreactivity stratification of
CD44v6 was found in 6 (17.6%) G1 tumours,
while 24 (70.6%) of these tumours exhibited
stratification, with a marked ‘‘shift’’ of strongly
positive cells towards the luminal surface (Fig.
1B). In 4 (11.8%) cases, irregular CD44v6 stain-
ing without stratification was observed. Diffuse
immunoreactivity for CD44v6 predominated in
G1 tumours (29 samples, 85.3%), while focal
staining was observed in only 5 (14.7%) of
them.

Grade 2 tumours expressed CD44s in 47
(87%) samples; 46 (97.9% of CD44sπ) of these
tumours showed membranous positivity, while
in 1 case (2.1% of CD44sπ) both membranous
and cytoplasmic immunoreactivity was de-
tected. Seven (13%) tumours were CD44s nega-
tive, while 4 (7.4%) and 43 tumours (79.6%)
showed strong and moderate staining intensity,
respectively. Stratification of immunoreactivity
without a ‘‘shift’’ phenomenon was present in
11 (23.4% of CD44sπ) cases and 32 (68.1% of
CD44sπ) tumours exhibited stratification with
‘‘shift’’ phenomenon. In four tumours (8.5% of
CD44sπ) the distribution of CD44s was irregu-
lar, without signs of stratification. Overall dis-
tribution of CD44s immunoreactivity was dif-
fuse in 26 (55.3% of CD44sπ) and focal in 21
(44.7% of CD44sπ) tumours.

Except for one G2 tumour (1.8%) negative
for CD44v6, moderate and strong intensity of
CD44v6 expression was found in 30 (55.6%)
and 23 (42.6%) G2 tumours, respectively. Mem-
branous localisation of immunoreactivity was
found in 53 (100% of CD44v6π) G2 tumours.
Stratification of immunoreactivity was found in
1 (1.9% of CD44v6π) tumour, while stratifi-
cation with a marked ‘‘shift’’ phenomenon was
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found in 42 (79.2% of CD44v6π) tumours. In
10 (18.9% of CD44v6π) tumours, immunoreac-
tivity for CD44v6 was irregular (Fig. 1C). A dif-
fuse pattern of immunostaining within the tu-
mour was seen in 46 cases (86.8% of CD44V6π)
and focal distribution in 7 cases (13.2% of
CD44v6π) (Fig. 1D).

Grade 3–4 tumours showed the most pro-
found changes in the expression of both anti-
gens (CD44s and CD44v6). CD44s immuno-
reactivity was detected in 25 (73.5%) tumours,
of which 6 (17.6%) expressed CD44s with strong
and 19 (55.9%) with moderate intensity. Nine
(26.5%) tumours were negative for CD44s. 18
(72% of CD44sπ) tumours showed membra-
nous, 6 (24% of CD44sπ) mixed membranous
and cytoplasmic positivity, and 1 (4% of
CD44sπ) tumour displayed only cytoplasmic
localisation of immunostaining. Only 2 (8% of
CD44sπ) tumours showed signs of stratification
of immunostaining––all with a marked ‘‘shift’’
phenomenon––while 23 (92% of CD44sπ) tu-
mours showed no stratification. Overall distri-
bution of immunoreactivity within the tumour
was diffuse in 5 (20% of CD44sπ), focal in 13
(52% of CD44sπ), and dispersed in 7 (28% of
CD44sπ) cases (Fig. 1E & 1F).

For CD44v6, 6 tumours (17.6%) were nega-
tive, 21 (61.8%) showed moderate intensity,
while strong intensity of immunostaining was
observed in only 7 (20.6%). 15 (53.6% of
CD44v6π) tumours exhibited membranous
positivity and 13 (46.4% of CD44v6π) tumours
showed membranous and cytoplasmic positivity
for the antigen. Stratification of staining for
CD44v6 was not found in any of the G3–4 tu-
mour samples. Focal distribution of immuno-
reactivity predominated in G3–4 tumours––16
(57.2% of CD44v6π) cases. Both diffuse and
disperse distribution was present in six (21.4%
of CD44v6π) cases.

Eight anaplastic carcinomas, which repre-
sented a subgroup of high-grade carcinomas
within the group of G3–4 tumours, showed sub-
stantial differences in both CD44s as well as
CD44v6 expression compared to G3 tumours.
All anaplastic carcinomas expressed CD44s,
while CD44v6 was expressed in four (50%) cases
only. Moreover, in three anaplastic carcinomas
with focal signs of squamous differentiation,
strong immunoreactivity for both antigens was
prominent, especially in squamous areas.
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Immunostaining of Ki-67 and p53 protein
Proliferative activity of the tumour cells de-

termined according to immunoreactivity for Ki-
67 (MIB-1) increased together with tumour
grade. Nuclear accumulation of p53 protein was
also related to the degree of tumour dedifferen-
tiation. The results of immunodetection of Ki-
67 and p53 in relation to the tumour grade are
shown in Table 3.

Statistical analysis
The correlation between staining intensity of

examined CD44 antigens and tumour grade was
statistically significant at the 0.05 level for
CD44v6 (Kendall’s tau_b: ª0.195; p�0.05),
while no statistically significant correlation was
shown for CD44s staining intensity and tumour
grade. A highly significant correlation was
found between staining intensity of CD44s and
CD44v6 (Kendall’s tau_b: 0.297; p�0.01). Cor-
relation, significant at the 0.05 level, was also
shown for CD44v6 staining intensity and pro-
liferation activity of the tumour.

Owing to the small numbers of samples with

TABLE 3. Proliferative activity of tumour cells and p53 immunoreactivity in relation to tumour grade

Grade N Proliferative activity (Ki-67) P53 immunoreactivity
Minimal Increased High Negative Low High

G1 34 19 (55.9%) 14 (41.2%) 1 (2.9%) 28 (82.3%) 4 (11.8%) 2 (5.9%)
G2 54 18 (33.3%) 29 (53.7%) 7 (13%) 37 (68.5%) 13 (24.1%) 4 (7.4%)
G3π4 34 7 (20.6%) 16 (47.1%) 11 (32.3%) 12 (35.3%) 2 (5.9%) 20 (58.8%)
Proliferative activity (Ki-67): Minimal: Æ1% of positive tumour cells, Increased: �1Æ20%, High: �20%.
P53 immunoreactivity: Negative: �10% of positive tumour cells, Low: Ø10�50%, High: Ø50%.

TABLE 4. Statistical analysis-correlations (Kendall’s tau_b) between histopathological characteristics of the
tumours and CD44s and CD44v6 intensity, Ki-67 and p53 immunostaining

Grade Stage CD44s CD44v6 Ki-67 p53
Intensity Intensity

Grade Correl. Coefficient 1 0.654** ª0.112 ª0.195* 0.316** 0.399**
N 122 93 120 121 122 122

Stage Correl. Coefficient 0.654** 1 0.159 ª0.014 0.209* 0.419**
N 93 93 92 92 93 93

CD44s Correl. Coefficient ª0.112 0.159 1 0.297** ª0.064 0.005
Intensity N 120 92 120 119 120 120
CD44v6 Correl. Coefficient ª0.195* ª0.014 0.297** 1 ª0.174* ª0.132
Intensity N 121 92 119 121 121 121
Ki-67 Correl. Coefficient 0.316** 0.209* ª0.064 ª0.174* 1 0.330**

N 122 93 120 121 122 122
p53 Correl. Coefficient 0.399** 0.419** 0.005 ª0.132 0.330** 1

N 122 93 120 121 122 122
**Correlation is significant at the.01 level (two-tailed).
*Correlation is significant at the.05 level (two-tailed).
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other than membranous positivity, statistical
analysis of the association between this par-
ameter and grade was not possible. However, in
the group of G3–4 tumours, there was an obvi-
ous tendency to irregularities in the localisation
of antigen expression within the cell for both
CD44s and CD44v6 markers.

For statistical analysis of the data regarding
the topographic distribution of antigen expres-
sion within the different layers of neoplastic uro-
thelium, only the presence or absence of stratifi-
cation was considered, regardless of the presence/
absence of shift. For both markers, CD44s and
CD44v6, a significant correlation between strati-
fication and grade (Kendall’s tau_c: ª0.388 for
CD44s and ª0.657 for CD44v6, p�0.001) was
found. Due to the low number of samples with a
dispersed overall distribution of staining, statisti-
cal analysis was performed only on those
samples with diffuse and focal distribution. The
mode of overall distribution of staining positivity
within the tumour sample correlated significant-
ly with tumour grade only in cases of immunopo-
sitivity for CD44v6 (Kendall’s tau_c: ª0.371;
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TABLE 5. Statistical analysis-correlations (Kendall’s tau_c) between CD44s and CD44v6 stratification and distri-
bution for tumour grade

Tumour grade
Value Asymp. Approx.

Std. Error Sig.
CD44s Stratification ª0.388* 0.085 �0.001
CD44s Distribution ª0.890 0.106 0.400
CD44v6 Stratification ª0.657* 0.080 �0.001
CD44v6 Distribution ª0.371* 0.098 �0.001

*Statistically significant (p�0.001).

p�0.001), while no statistical correlation was
found for CD44s (Kendall’s tau_c: ª0.890; pΩ
0.400).

We observed a highly significant correlation
between grade and proliferative activity of the
tumour (Kendall’s tau_b: 0.316; p�0.01), while
the correlation between stage and proliferative
activity was significant at the 0.05 level (Kend-
all’s tau_b: 0.209). Finally, the immunoreactivity
of p53 showed a highly significant correlation
with grade, stage and proliferative activity
(Kendall’s tau_b: 0.399, 0.419 and 0.330, respec-
tively, p�0.01). The results of the statistical
analyses are summarized in Tables 4 & 5.

DISCUSSION

Previous studies have documented that in TCC
of the urinary bladder, the expression of the
CD44 standard molecule and its splicing vari-
ants alters in relation to tumour grade and in-
vasiveness (13–14, 18–21). However, some dis-
crepancies, especially in the prognostic value of
CD44 expression, appeared in these studies.
Several explanations for these discrepancies
were suggested, among them especially the lack
of standard immunohistochemical assays, dif-
ferent properties of the antibodies, and differ-
ences in the stages of local invasion (18).

In our study, we focused on precise evaluation
and analysis of the patterns of positive im-
munostaining for the CD44 standard molecule
and its splicing variant, CD44v6, in TCC of dif-
ferent grades. Simultaneously, we performed an
assessment of proliferative activity and p53 im-
munoreactivity of the tumour cells. In accord-
ance with previously published results, elevated
expression of both CD44s and CD44v6 was a
typical finding in well-differentiated TCC of the
bladder in our study (18, 20, 21, 35). The most
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remarkable observation respecting the expres-
sion of CD44 in G1 TCC was related to the
topographical distribution of both antigens
within the cell layers of the neoplastic urotheli-
um. None of the 34 well-differentiated carci-
nomas exhibited a pattern of CD44 immuno-
reactivity identical with that of non-neoplastic
urothelium, where positive immunostaining for
CD44 molecules is apparent in the basal and
the epibasal layers, and negative in cells forming
the superficial (luminal) layers. Recent papers
on other epithelial tissues provided evidence
that epithelial cells resting on the basal mem-
brane and the cells adjacent to this basal layer
display the properties of tissue progenitor/tran-
sit amplifying cells (16, 36). Similarly, undiffer-
entiated and less differentiated cells forming
basal and epibasal layers of the urothelium
might correspond to the population of progeni-
tor/transit amplifying cells, as also supported by
the observations of Li et al. (17). Importantly,
these cells show a more primitive phenotype and
the highest level of CD44 expression. Concord-
antly, Southgate et al. found that normal uro-
thelial cells in vitro had the pattern of CD44
expression characteristic of the basal/intermedi-
ate urothelium in situ (13). Progression of uro-
thelial cells towards the luminal layers in nor-
mal, non-neoplastic urothelium is connected
with consequent loss of CD44 immunoreactivity
(13). In TCC G1, we observed the extension of
positive immunostaining for both CD44 anti-
gens to the superficial compartment of the neo-
plastic urothelium, unequivocally comprising
even the most superficial layer. In a majority of
these tumours, CD44 molecules were expressed
in a stratified manner, with decreasing intensity
in a basal-to-luminal direction (statistically sig-
nificant correlation between grade and CD44
stratification; p�0.001). Moreover, in a large
number of those tumours with stratification of
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immunostaining, extension (‘‘shift’’) of positive
immunostaining towards the surface was also
seen.

Moderately differentiated tumours (G2) dis-
played a similar pattern of immunoreactivity for
CD44 molecules, but more pronounced disturb-
ances of CD44 expression were present in com-
parison to G1. In particular, G2 tumours dis-
played a derangement of the topographical dis-
tribution of staining intensity with an increased
percentage of tumours revealing ‘‘shift’’ of posi-
tive immunostaining. Similar immunostaining
patterns of CD44 molecules, characterised by
predominance of CD44s and CD44v6 expres-
sion in basal layers and its extension throughout
the epithelium towards the surface, were ob-
served in papillary TCC by Sugino et al. (21).
Moreover, we observed that a complete loss of
stratification pattern, resulting in heterogeneous
staining, was more apparent within the group of
G2 tumours (statistically significant correlation
between grade and CD44 stratification;
p�0.001).

The pattern of CD44s and CD44v6 immuno-
reactivity in both G1 and G2 tumours suggests
deranged maturation and prolonged survival of
cells displaying the properties of adult tissue
progenitor and transit amplifying cells, charac-
terised by undifferentiated phenotype. Exten-
sion of immature epithelial cells towards the
superficial compartments of neoplastic urotheli-
um and their accumulation probably represents
an important event leading to the formation of
papillary protrusions, typical for superficial
low-grade urothelial carcinomas. High levels of
CD44 expression in these tumours are related
to their non-invasiveness and superficial spread.
We can speculate that increased expression of
CD44 molecules (or increased numbers of cells
positive for CD44) either represents an initial
phase of cancer development (21), or––more
precisely––cancers composed of cells showing a
lower degree of neoplastic transformation.
Focal loss of CD44 immunoreactivity, reflecting
local derangement of CD44 expression, suggests
the existence of subpopulations of tumour cells,
which might represent clones possessing more
advanced neoplastic transformation, connected
with higher risk of local recurrence and poten-
tially more aggressive behaviour of the tumour
(23). However, in our study, statistical signifi-
cance between overall distribution of CD44 im-
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munostaining and grade was confirmed only for
CD44v6 expression (p�0.001), and not for the
CD44s antigen.

High-grade invasive urothelial carcinomas
represent a specific group of tumours with ag-
gressive behaviour and poor prognosis (2, 5,
34). Previous studies have shown that high
grade and higher aggressiveness of the tumour
are connected with loss of immunoreactivity for
CD44 and with marked irregularities of distri-
bution of CD44 immunostaining (13, 18, 21,
22). Significant alterations in both the topo-
graphical and overall distribution of immuno-
staining and high number of tumours negative
for CD44s and CD44v6 were typical findings
also in our collection of high-grade carcinomas.
The expression pattern of CD44 molecules in
these high-grade tumours provides evidence for
the prominent heterogeneity of their neoplastic
cell population. Substantial irregularities, in-
cluding abnormal localisation of antigen within
the cell (emergence of cytoplasmic expression)
and within the individual tumours, suggest a
high degree of neoplastic transformation of
cells forming high-grade TCC. Striking hetero-
geneity of CD44 expression in individual cell
types was evident in our study performed using
the HT1197 cell line, displaying the character-
istics of a high-grade carcinoma (37). However,
in the present study, in some high-grade carci-
nomas showing focal signs of squamous differ-
entiation, we observed strong immunoreactivity
for CD44 molecules. It is known that non-neo-
plastic squamous epithelium expresses CD44s
and CD44v6 molecules in basal and prickle cell
layers (38). Immunostaining of both CD44 anti-
gens was also found in the cases of squamous
cell carcinomas, such as pulmonary and oeso-
phageal SCCs (38, 39). We suppose that, in con-
nection with progressive neoplastic transform-
ation of cells in high-grade TCC, derangement
of cell regulatory processes leads to the appear-
ance of foci displaying squamous differen-
tiation, accompanied by strong expression of
CD44 molecules. This hypothesis is supported
by findings on CD44 expression in areas of
squamous differentiation in adenosquamous
neoplasms (40). The presence of areas with
squamous differentiation showing strong im-
munoreactivity for CD44 in some poorly differ-
entiated TCC could be one of the explanations
why not all aggressive carcinomas are CD44
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negative. This observation could also contribute
to elucidation of the discrepancies regarding
CD44 expression in TCC.

During all phases of the cell cycle, except the
G0 phase, cycling cells express a non-histone
protein Ki-67 (42, 43). According to a number
of studies, proliferative activity of cells, defined
by Ki-67 index, increases with tumour grade,
and correlates well with cell growth fraction and
malignant potential of the transitional cell car-
cinoma of the bladder (25, 26, 43, 44). Under
non-neoplastic normal conditions, the rare Ki-
67-positive cells are positioned predominantly
in the basal layers (25, 45). Identically, a highly
significant correlation between grade and pro-
liferative activity of the tumour (p�0.01) was
confirmed in our study. Concerning the distri-
bution of cells bearing Ki-67-positive nuclei,
proliferating cells reached the intermediate cell
layers, and they also extended up to the super-
ficial layers in the majority of G1 and G2 carci-
nomas. G3–4 tumours mostly displayed an in-
creased proliferative activity with prevailing
chaotic distribution of cells with Ki-67-positive
nuclei within the tumour.

P53 is a crucial tumour suppressor protein,
involved in gene transcription, DNA repair and
in control of the cell cycle (2, 46, 47). Mutated
forms of p53 fail to exercise their control over
cell cycle regulation, lose their tumour sup-
pressor function, and contribute to the genomic
instability of the transformed cell (2, 47). In uri-
nary bladder cancer, mutations of p53 have
been observed in a high proportion of tumours,
usually in relation to higher grade and stage of
the disease, while they were infrequent in low-
grade TCC (32, 33, 47). The results of numerous
studies on p53 in TCC have usually shown a
correlation with poor clinical outcome (32). In
our study, the majority of G1 tumours were
negative for p53 expression, while in 64.7%
cases of high-grade TCC predominantly high
levels of p53 expression were observed and a
highly significant correlation between p53 im-
munoreactivity and grade and stage was statisti-
cally confirmed (p�0.01).

CONCLUSIONS

Based on the evaluation of CD44 immunoreac-
tivity patterns, proliferative activity of tumour
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cells and p53 immunostaining, we suggest that
in low and intermediate grade tumours (G1,
G2), the prolonged survival of undifferentiated
urothelial cells, displaying characteristics of
progenitor and transit amplifying cells, con-
nected with their extension towards luminal
layers and with derangement of normal matu-
ration of urothelium, plays an important role in
the development and behaviour of these tu-
mours. More prominent heterogeneity of CD44
expression in G2 tumours supports the possi-
bility of a higher degree of neoplastic trans-
formation of these cancers, which is manifested
by increased proliferative activity of tumour
cells and more frequent accumulation of p53.
Progression to the higher grades of TCC is as-
sociated with a decrease of CD44 expression,
higher proliferative activity of tumour cells, and
more frequent p53 overexpression.
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