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Abstract. CD44 comprises a family of membrane adhe-
sion molecules encoded by a single gene and diversified
by alternative splicing and extensive posttranslational
modifications. Alterations of CD44 expression patterns
are linked to tumour invasion and formation of metas-
tases. However, CD44 expression and its relation to the
biological properties of tumours vary depending on the
tumour type and origin. In transitional cell carcinoma
of the urinary bladder, low CD44 expression is linked
to enhanced tumour aggressiveness. We studied CD44
expression in two urothelial cancer cell lines, HT1197
and 5637. CD44s and a v6 variable exon-containing
splice variants were detected in both cell lines by
reverse transcription-PCR and by commercially avail-
able monoclonal antibodies. In both cell lines, Western
blot analysis detected immunoreactive proteins with
approximate sizes 70—85 kD, 95-110 kD, and 120-140
kD with CD44v6 antibody and weak bands with size
70-98 kD with CD44s antibody. At the cellular level,
the pattern of CD44 immunoreactivity correlated with
a lower level of cell differentiation and a higher degree
of cell proliferation. In HT1197 cells, the CD44v6 was
detected predominantly in small proliferating cells and
in large multinuclear atypical cells. CD44s and
CD44v6 displayed low immunoreactivity in HT1197
cells with a higher degree of epithelial differentiation.
The 5637 cells expressed CD44v6 strongly and CD44s
weakly. We conclude that CD44v6 expression corre-
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lates with a higher proliferative activity and with
a stem cell-like phenotype in both cell lines and with
cellular atypia in HT1197 cells.

CD44 forms a family of cell surface adhesion glyco-
proteins involved in the regulation of organ differentia-
tion and the maintenance of tissue integrity (Borland et
al., 1998; Sneath and Mangham, 1998; Goodison et al.,
1999). These proteins are also engaged in tissue repair
and immune reactions (Seth et al., 1991; Kaya et al.,
1997). The CD44 protein molecules ranging in size
from 38 kD to approximately 250 kD originate from
a single gene residing on human chromosome 11
(11p13) (Screaton et al., 1992). Alternative splicing and
subsequent extensive posttranslational modifications
including glycosylation, phosphorylation and enzymat-
ic cleavage result in a spectrum of proteins that differ in
size as well as in composition of functional domains
(Screaton et al., 1992; Kajita et al., 2001).

Alterations in the CD44 expression pattern have
been shown to be linked to neoplastic transformation of
various cell types and may be closely related to inva-
sive growth and formation of metastases of several
tumour types (Gotley et al., 1996; Goodison and Tarin,
1998; Lipponen et al., 1998; Saegusa et al., 1999;
Mikami et al., 2000; Nguyen et al., 2000; Khoursheed
et al., 2002). The profile of CD44 isoforms is variable
in tumours of identical histologic type, depending espe-
cially on the degree of differentiation and cytologic
atypia of the tumour cells. The CD44 profile is also
closely related to the malignant features of tumours
(Hong et al., 1995; Sugino et al., 1996; Lipponen et al.,
1998; Nguyen et al., 2000; Wong et al., 2003).

The CD44 gene spans almost 92 kb and contains at
least 20 exons. CD44 variants contain five constant
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exons on both ends of the mRNA and variable exons
(exon 6 to 15) that are positioned in the centre. The
translated variable exons form a membrane proximal
extracelluar part of the protein that is involved in ligand
binding and interaction with other membrane proteins.
There are also at least two splice variants of the intra-
cellular part of the protein. Three fundamental func-
tions of CD44 molecules have been identified: 1/
binding to components of the extracellular matrix and
extracellular ligands, 2/ modulator function for mem-
brane receptors, and 3/ organization of the actin-con-
taining cytoskeleton (for review see Rudzki and Jothy,
1997, and Ponta et al., 2003). The smallest isoform
(CD44s), lacking the variable exon, is expressed in
many tissues and cell types, while variant exon-con-
taining forms (CD44v1-10) are restricted to a limited
number of tissues and developing organs (Mackay et
al., 1994; Sherman et al., 1998). CD44 expression,
especially of isoforms containing the variable exons,
was found in numerous tumours (Gotley et al., 1996;
Goodison and Tarin, 1998; Goodison et al., 1999;
Nguyen et al., 2000; Khoursheed et al., 2003). Transi-
tional cell carcinoma of the urinary bladder is one of the
most commonly diagnosed human malignancies and its
incidence and prevalence are rising. Alterations of
expression of several genes, including CD44, associat-
ed with the neoplastic transformation of urothelial cells
and progression of urothelial carcinomas have been
described (Southgate et al., 1995; Sugino et al., 1996;
Lipponen et al., 1998; Ioachim et al., 2002). In these
carcinomas, a poor prognosis and higher tumour grade
are associated with low expression of CD44 molecules
(Southgate et al., 1995; Miiller et al., 1997, and
reviewed in Martin et al., 2003), similar to the endome-
trial and squamous cancers. The differences in CD44
expression in transitional cell tumours and an easily
detected expression in the basal layers of normal
urothelium (Southgate et al., 1995; Sugino et al., 1996;
Miiller et al., 1997) prompted us to search for CD44
expression in urothelial cancer cell lines. Here we
report the findings of CD44s and CD44v6 expression in
5637 and HT1197 cell lines that differ in morphology,
growth properties and the degree of differentiation of
cancer cells.

Material and Methods

Cell culture

HT1197 and 5637 cell lines were obtained from the
collection of cell cultures of the Laboratory of Pharma-
cotoxicology of the National Institute for Cancer
Research, Genova, Italy. Both cell lines were main-
tained under standard culture conditions. HT1197 cells
were grown in D-MEM medium (Sevapharma, Prague,
Czech Republic) supplemented with 10% foetal bovine
serum (Sigma-Aldrich, St. Louis, MO) and 1% non-
essential amino acids (Sigma-Aldrich Chemie,

Taufkirchen, Germany). 5637 cells were grown in
RPMI medium (Sevapharma) supplemented with 10%
foetal bovine serum. Antibiotics, 100 U/ml penicillin
and 100 pg/ml streptomycin (Sigma-Aldrich Chemie)
were added to the culture medium. Both cell lines were
maintained in plastic flasks (Nunc, Roskilde, Denmark)
at 37°C in humidified atmosphere containing 5% CO,.

Doubling time determination

Cells were plated at 2.8 x 103 in a 25-cm? plastic cul-
ture flask (Nunc) and were incubated for 96 h in culture
medium as described above. Doubling time calcula-
tions were performed by dividing 96 h by the log base
2 of the cell count at time 96 h minus the log base 2 of
the cell count at time 0.

Light microscopic evaluation of cell morphology

Cells grown on microscopic slides in special cham-
bers as described elsewhere (Mandys and Elleder,
1980) were fixed with ice-cold methanol and stained
with Giemsa. Slides were then observed under an opti-
cal microscope (Nikon ECLIPSE E 400).

Immunostaining

Immunohistochemical staining was performed using
the peroxidase method by the avidin-biotin complex
technique with 3,3’ diaminobenzidine (DAB) as the
final chromogen. CD44s was detected using mouse
monoclonal antibody, clone DF1485 (DAKO, Glostrup,
Denmark) in dilution 1 : 50. To detect CD44v6, mouse
monoclonal antibody, clone V6-B3 (Zymed Laborato-
ries, San Francisco, CA) in dilution 1 : 100 was used.
Cells grown on microscopic slides (see above) were
fixed with ice-cold methanol and after drying treated
with 0.05% solution of Triton X-100 (Serva, Heidel-
berg, Germany), washed and incubated in a citrate
buffer, pH 7.4, for 40 min at 98° C. Incubation with pri-
mary antibodies was performed in a moist chamber for
60 min at room temperature. Antigens were visualised
using a DAKO LSAB Kit (DAKO Universal LSAB
Kit, DAKO, Carpinteria, CA) and the cells were coun-
terstained using Mayer’s haematoxylin. The stained
slides were evaluated semi-quantitatively according to
the quantity and distribution of positive cells in both
cell lines, using an optical microscope (Nikon
ECLIPSE E 400).

Reverse transcription, PCR and sequencing

Primers were designed according to the CD44 cDNA
(NM_000610) and gene (NT_009237.16) and were as
follows: Pls: (33965871)5’GAC ACA TAT TGC TTC
AAT GCT TC; P2s: (33972328) 5’GAA GAT TGT
ACA TCA GTC ACA GAC; P3s: (33989999)5’TCC
AGG CAA CTC CTA GTA GTA CAA; P4a:
(33990127)5’TGT CCC TGT TGT CGA ATG GGA
GTC; P5a: (34007219)S’CTG TTG ACT GCA ATG
CAAACT GCA;
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P6a: (34014818) 5° TTA CAC CCC AAT CTT CAT
GTC CA (numbers indicate the position of 5’
nucleotide in the sequence (NT_009237.16).

Cells were washed three times with PBS, scraped
using a cell lifter and centrifuged for 10 min at 170 x g
in a Hettich 32R centrifuge. Total RNA was prepared
using TRIZOL (Invitrogen, Carlsbad, CA) and 2 pg of
total RNA were used for reverse transcription with
SuperScriptll reverse transcriptase (Invitrogen) and
random hexamers. Two pl of reverse transcription mix-
ture were used for subsequent amplification by poly-
merase chain reaction using Taq polymerase
(Invitrogen) and PTC-200 termocyclers (MJ Research,
Waltham, MA). The termocycling protocol consisted of
melting at 95°C for 1 min, followed by 10 cycles: 94°C
1 min, 62°C 1 min, 72°C 3 min; 15 cycles: 94°C 1 min,
60°C 1 min, 72°C 3 min, and 10 cycles: 94°C 1 min,
68°C 1 min, 72°C 3 min. For nested PCR, 5 ul of PCR
mixture and one inner primer were used for a subse-
quent round of amplification. Amplified fragments
were resolved by agarose gel electrophoresis, stained
by ethidium bromide, visualized by a UV translumina-
tor and recorded by a digital camera.

To confirm the specificity of CD44v6 amplification,
the amplified fragments were eluted from elec-
trophoretic gels and sequenced directly using gene-spe-
cific primers in an ABI Prism 3100-Avant capillary
sequencer (Applied Biosystems, Foster City, CA).

Western blot analysis

For Western blot analysis, both cell lines were
grown in 75 cm? tissue culture flasks, washed three
times in PBS, removed using a plastic cell lifter and
centrifuged for 10 min at 170 x g in a Hettich 32R cen-
trifuge. Protein extracts were prepared using a standard
protocol with Laemmli buffer. Protein content was esti-
mated using a BCA Protein Assay Kit (Pierce, Rock-
ford, IL). Twenty pug of protein were loaded per lane,
separated by electrophoresis in TRIS/SDS 10% poly-
acrylamide gel in a Mini Protean II apparatus (Bio-Rad
Laboratories, Hercules, CA). Separated proteins were
electro-transferred on PVDF membrane.

Membranes were pre-incubated in buffer PBT (PBS
containing 0.1% Tween 20 (Sigma, St. Louis, MO))
containing 5% (w/v) nonfat dry milk (overnight, 4°C).
For immunodetection, CD44s antibody (clone DF1485,
DAKO, Glostrup, Denmark) and CD44v6 antibody
(Zymed Laboratories, San Fracisco, CA) were used at
a dilution ranging from 1 : 1000 to 1 : 4000 in PBT with
5% (w/v) milk. Incubations in primary antibodies were
carried out at room temperature for 60 min on a rocking
plate. Membranes were washed 6 times in PBT for
a total time of 60 min and incubated with goat anti-
mouse IgG antibodies labelled by peroxidase (Sigma)
diluted in PBT (1 : 10 000 or 1 : 20 000) for 60 min at
room temperature and subsequently washed six times in
PBT for a total time of 60 min. The ECL plus chemilu-

minescent system (Amersham/Pharmacia, Uppsala,
Sweden) was used for detection as recommended by the
supplier. For densitometric analysis, films were
scanned, saved in TIFF format and analyzed in tripli-
cates using the program NIH image in the PC version
(http://rsb.info.nih.gov/nih-image/).

Results

1. Characterization of HT1197 and 5637 cell lines

Cell morphology. Morphological examination at the
light microscopic level showed that the HT1197 cell
line was composed of a heterogenous population repre-
sented by three main cell types: A — small spindle-
shaped or polygonal cells with minimal cytoplasm and
a high nuclear-cytoplasmic ratio representing a less dif-
ferentiated phenotype. These cells frequently formed
a network within the other cell types. Type B cells were
morphologically characterized by an epithelial appear-
ance with a relatively large cytoplasm, predominantly
polygonal or triangular shape, and a low nuclear-cyto-
plasmic ratio. These type B cells often formed solid
nests surrounded by the cells of type A. Type C repre-
sented giant cells, containing a large polyploid nucleus
or multinucleated (Fig. 1a).

Cell line 5637 was composed only of relatively uni-
form undifferentiated small round-shaped or short spin-
dle-shaped cells with scanty cytoplasm and a high
nuclear-cytoplasmic ratio (Fig. 1b).

Growth properties. The doubling time of HT1197
cells was 40 h, while the doubling time of 21.9 h was
obtained for 5637 cells. This difference indicates
a higher proliferative activity of 5637 cells, consistent
with their smaller size and immature phenotype. Micro-
scopic examination of cells plated at low densities was
in keeping with the faster proliferation of 5637 cells
and small cells in HT1197 cultures. In HT1197, the
apparently fast dividing cells correlated with the type A.

11. Expression of CD44s and CD44v6 isoforms
in HT1197 and 5637 cell lines

Detection of CD44s and CD44v6 mRNA. For detec-
tion of CD44 transcripts, primers corresponding to 5’
and 3’ constant regions of the CD44 mRNAs were
designed as well as for the exon that is part of the
CD44v6 variant (Fig. 2). RT-PCR resulted in multiple
amplified fragments. The pattern of amplified frag-
ments supported the expression of CD44v6 (Fig. 3 pan-
els a and b, lanes 1, 2 and 6; Fig. 3c lanes 1, 3, 5 and 7)
and CD44s in both cell lines (Fig. 3a and b lanes 3 and 4,
Fig. 3c lanes 2, 4, 6 and 8). PCR with primers specific
for the v6 variable exon and constant exons on both
sides of the cDNA amplified multiple fragments, pre-
sumably corresponding to splice variants containing the v6
exon and other variable exons positioned on both sides
of the v6 exon (Fig. 3a lane 1 (marked by asterisks),
Fig. 3a and b lanes 5 (marked as v6-10)). Primers
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Fig. 1. Morphological analysis of cultured cells. a — HT1197 cells display prominent morphological diversity: small
spindle-shaped cells of type A (small arrow), large cells of epithelial appearance — type B (big arrow) and giant multi-
nuclear cells — type C (arrowhead). b — Cell line 5637 is composed of small uniform predominantly spindle-shaped cells.
Giemsa staining, 200x.
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Fig. 2. Schematic representation of the CD44 gene. The gene spans 92 kb and contains at least 20 regular exons. Stan-
dard exons are marked as s1-5 (in the 5’part of the gene) and s16-20 (in the 3’ part of the gene). The gene organization
is derived from GenBank accession number NT 009237.16. Variable exons are numbered as v1—10 and correspond to
exons 6—15. Arrows represent primers Pls, P2s, P3s in the sense direction and P6a, P5a, and P4a in the antisense direc-
tion. Double head arrows represent regions that allow identification of CD44s and CD44v6 exon-containing variants.
Splice variants v6, v5—6, v6—7, and v2—10 are indicated in the lower part of the figure.

Scheme for primary PCR (numbered 1-6) is indicated in the left part of the figure and the secondary (nested) PCR (num-
bered 1-4) is indicated in the right part of the figure. Vertical arrows indicate the strategy for the nested PCR. Sizes of
expected fragments that may be amplified with primers used in this study are given in the lower part of the figure.
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designed to amplify the long version of the intracellular
part of CD44 amplified preferentially CD44s in both
cell lines (Fig. 3a and b lanes 3). Primers designed to
amplify CD44 from extracellular constant exons to the
transmebrane domain amplified preferentially the
CD44v6, indicating the prevalence of CD44v6 in both
cell lines (Fig. 3a and b lanes 6). Additional CD44 tran-
scripts containing the v6 exon were amplified using
primers specific for the v6 exon and the long variant of
the CD44 intracellular domain. In both cell lines, the
most prevalent variant of this type corresponded to
variants containing v6—10 variable exons (Fig. 3a and b
lanes 5). Contrary to that, primers specific for the extra-
cellular constant exons and the transmembrane domain
amplified CD44v6 containing a single variable exon
(Fig. 3 panels a and b, lanes 6). The specificity of the
CD44v6 isoform was confirmed by direct sequencing
of amplified fragments.

Western blot analysis. Western blot analysis using
antibodies specific for CD44s and CD44v6 detected
immunoreactive proteins in both cell lines. The anti-
body specific for CD44s detected immunoreactive pro-
teins with approximate sizes of 70-98 kD. The antibody
specific for CD44v6 recognized proteins of 70-85 kD,
95-110 kD, and 120-140 kD. The expression of the v6
exon-containing variants were the most abundant in
both cell lines (Fig. 4). HT1197 expressed a markedly
larger amount of CD44v6 immunoreactive proteins in the
position approximately 110 kD compared to 95-98 kD.
The ratio of modified 110 kD CD44v6/95-98 kD
CD44v6 was 1.18 +/- 0.12 in HT1197 cells versus
0.76 +/- 0.06 in 5637 cells. This presumably corres-
ponds to a higher level of post-translational modification
of the CD44v6 protein in HT1197 cells. Immunoreac-
tive proteins migrating at 70-98 kD and corresponding
to CD44s were less abundant in both cell lines.

CD44s antibody does not recognize the prominent
bands detected by the CD44v6 antibody (migrating at
position 98110 kD), consistent with the specificity of
the CD44v6 antibody. Nevertheless, prominent bands
with approximate size 40 kD and 58 kD were detected
by both antibodies and were also slightly visible in con-
trols, where the primary antibody was omitted. The
band with approximate size 40 kD was more prominent
in HT1197 cells. Proteins with an approximate size
70-98 kD were detected solely by CD44s antibody and
were visible in films exposed for longer periods of time.

111. Correlation of CD44 expression with cell
differentiation in HT1197 and 5637 cell lines

CD44 immunostaining. Both CD44s and CD44v6
splicing variants were detected immunohistochemically
in HT1197 and 5637 cells. In the HT1197 cell line, the
intensity of immunostaining was heterogenous and dif-
fered depending on the cell type (A, B or C). CD44v6
was positive in the majority of type A cells. Positive
staining was often pronounced at the edges of the cells
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Fig. 3. Detection of CD44 transcripts by reverse transc-
ription and polymerase chain reaction. (a) — Amplification
of CD44v6 and CD44s fragments from HT1197 cells and
(b) — from 5637 cells. Fragments corresponding to ampli-
fied regions of CD44v6 and CD44s are indicated as v and
s, respectively. (¢) — Nested PCR amplification indicating
the expression of CD44v6 (v) and CD44s (s). Lanes 14
represent fragments of CD44v6 and CD44s amplified
from HT1197 cells and lanes 5-8 represent fragments of
CD44v6 and CD44s amplified from 5637 cells and cor-
respond to the reaction scheme indicated in Fig. 2 as 1 to 4,
respectively, for each cell line.
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Fig. 4. Western blot analysis of protein extracts from
HT1197 (lanes 1, 3, 5) and 5637 cells (lanes 2, 4 and 6)
with antibodies directed against CD44s (lanes 1 and 2)
and CD44vo6 (lanes 3 and 4). Lanes 5 and 6 are controls in
which the primary antibodies were omitted. Arrows indi-
cate the position of presumably post-traslationally modifi-
ed (big arrow) and unmodified (small arrow) CD44v6.
CD44s is detected as faint bands indicated by short
arrows. Proteins detected by both antibodies in position
38 kD-58 kD are also weakly detected in controls by
secondary antibody and may be non-specific or represent
proteins containing both CD44s and CD44v6 epitopes.

T TR W W ot

Fig. 5. Analysis of CD44v6 and CD44s expression at the cellular level. Cell line HT1197 (panels a and b): a — immu-
nostaining for CD44v6 in cells of type A and C. The group of type B cells is CD44v6-negative. b — Immunostaining for
CD44s is positive in type B cells, negative in the cells of type C and weakly positive in some cells of type A. Cell line
5637 (panels c and d): ¢ — regular positive immunostaining of CD44v6 and d — weak immunoreactivity for CD44s. 200x.
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in keeping with the membrane localization of both epi-
topes. Relatively strong imunoreactivity for CD44v6
was also present in type C cells. Weak or even negative
staining was observed in the majority of type B cells.
Immunoreactivity for the CD44s molecule was detect-
ed in a portion of type B cells and in some cells of type
C. A high portion of A type cells and some C type cells
were CD44s negative (Fig. 5a, b and Table 1).

In 5637 cells, immunostaining for both antigens
resulted in a uniform and diffuse pattern. Strong stain-
ing was observed for the CD44v6 and relatively weak
staining for CD44s (Fig. 6¢, d and Table 2).

Table 1. Semi-quantitative evaluation of CD44v6 and
CD44s detection in HT1197 cells. Comparison of
CD44 expression in individual cell types A, B and C

Cell type A B C

Cell Small polygonal Large cells

Giant multi-

charac- cells, low grade  with epithelial nuclear cells

teristics  of differentiation characteristics

CD44v6  Strong Xieszli‘n‘;r iféfgely

i +++

detection (+++) (+) (+)
Relatively

CD44s Weak or missing  strong, partly Xieszli(nor

detection (+/-) negative + &
(++/+1-) )

Table 2. Semi-quantitative evaluation of CD44v6 and
CD44s detection in 5637 cells

Detected antigen

Diffuse moderate staining

CD44v6 )
CD4ds Diffuse weak staining
)
Discussion

Members of the CD44 protein family play important
roles in cell adhesion, cell motility, cytoskeleton orga-
nization, cell recognition and modulation of signal
transduction pathways. The aim of the present study
was to characterize CD44s and CD44v6 expression in
two different cell lines established from urinary bladder
carcinomas and to compare the results with morpholog-
ical and growth properties of these two cell lines.

Our results indicate that multiple CD44 variants are
expressed in the urinary carcinoma cell lines HT1197
and 5637. The expression of CD44s and CD44v6 is
supported by the results of RT-PCR in both cell lines
and the specificity was confirmed by sequencing of
amplified fragments. In both cell lines, CD44s was

detected with a preference for isoforms containing the
long version of the intracellular domain. However, RT-
PCR reactions directed to amplify CD44 from the con-
stant extracellular domain to the transmembrane
domain preferentially detected CD44v6 in both cell
lines, suggesting that expression of CD44v6 is higher
than that of CD44s. Nevertheless, the preferentially
amplified CD44 variants containing the v6 variable
exon and long form of the intracellular domain are vari-
ants containing several variable exons. Although the
pattern of amplified fragments is similar in both cell
lines, there were differences. The more differentiated
HT1197 cell line expressed four v6-containing variants
with additional variable exons in the region v2—v5 (Fig.
3a, lane 1). The nested PCR amplified preferentially
CD44v6 in both lines, suggesting that the differences in
the extracellular part of CD44 may be based on alterna-
tive splicing in presumably constant exons.

Antibodies detected CD44s and CD44v6 immunore-
active proteins in both cell lines in Western blots. While
40 kD- and 58 kD-sized proteins were recognized by
both CD44s and CD 44v6 antibodies, the results sup-
port the specific detection of CD44s proteins with a size
of 70-98 kD. Proteins corresponding to 70-85 kD,
95-110 kD, and 120-140 kD were recognized by the
CD44v6 antibody in both cell lines. Densitometric
analyses indicated a larger proportion of higher post-
translationally modified CD44v6 proteins (migrating in
the range of 95-140 kD) in HT1197 cells compared to
5637 cells. Since glycosylation critically affects ligand
binding and other functions of CD44 (Skelton et al.,
1998), it is possible that the observed differences
between 5637 and HT1197 cells reflect the differentia-
tion process in the latter cell line.

Proteins with the size 40 kD and 58 kD were recog-
nized by both antibodies in Western blot analyses. It
seems likely that the detection is non-specific since
these bands were recognized weakly by the secondary
antibody. Nevertheless, it cannot be excluded that the
strongly labelled bands in the range of 40 kD and 58 kD
may correspond to CD44 variants bearing both CD44s
and CD44v6 epitopes.

The detection of CD44s and CD44v6 by immunocy-
tochemistry was consistent with results obtained by
Western blots. Our findings document that expression of
both CD44s and the splice variant CD44v6 was depen-
dent on the phenotype that correlated with the differen-
tiation status of cultured cells. CD44 proteins showed
regular positive immunoreactivity in uniform undiffer-
entiated 5637 cells. In contrast, HT1197 cells having
a more differentiated epithelial phenotype, but much
more prominent cytological irregularities, displayed
substantial differences in the expression of CD44 mole-
cules. Previous studies of the histological slides of both
normal and neoplastic urothelium have shown that
immunoreactivity for CD44 was located mainly in less
differentiated cells forming the basal layer of normal
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transitional epithelium (Southgate et al., 1995; Sugino et
al., 1996). These cells display the properties of tissue
progenitor (stem) or transit-amplifying cells: an undif-
ferentiated phenotype, a higher proliferative activity and
the ability to change into the more differentiated pheno-
type of the superficial layers of the urothelium. Differ-
entiated superficial cells of normal urothelium do not
display CD44 immunoreactivity. In differentiated papil-
lary urothelial carcinomas, CD44-positive cells extend
into the superficial compartment of neoplastic urotheli-
um (Sugino et al., 1996). This phenomenon probably
reflects abnormal differentiation of basal stem and/or
transit-amplifying cells and their shift into the superfi-
cial layers of the neoplastic urothelium, with a corre-
sponding increase in immunoreactivity for CD44 in
these carcinomas. In our study, cell line 5637 revealed
morphological and growth properties of stem cells, that
is an undifferentiated phenotype, uniform cytological
appearance and high proliferative activity. Regular
expression of CD44 molecules observed in our study
and expression of p63 published by Urist et al. (2002)
support the stem cell character of the 5637 line.

In high-grade urothelial carcinomas, either flat, or
those invading the wall of the urinary bladder, promi-
nent irregularities in CD44 expression, or even its
absence, have been described (Hong et al., 1995; Sugi-
no et al., 1996; Toma et al., 1999). In our study, sub-
stantial diversity of CD44 expression was observed in
the HT1197 cell line, derived from invasive transition-
al cell carcinoma. Distinct CD44-positive and CD44-
negative cell populations were also described in the
HT1197 cell line in one previous study (Southgate et
al., 1995). The cytologic appearance of the HT1197 cell
line corresponds with a high-grade carcinoma. In these
tumours, a high degree of cytological atypia is related
to abnormal cell differentiation, reflecting a high degree
of neoplastic transformation. Such alterations in urothe-
lial carcinomas are frequently connected with altered
CD44 expression and highly aggressive tumour, clini-
cally manifested by higher malignancy. Similar differ-
ences in the expression of CD44 molecules we
described in our previous study in lung carcinoid
tumours. While in typical carcinoid tumours showing
uniform cytological appearance the expression of
CD44s and CD44v6 was strong and regular, negative
immunostaining was found in cytologically irregular
atypical carcinoids (Nguyen et al., 2000).

The results of our present study may contribute to the
elucidation of the heterogeneity of CD44 expression in
urothelial carcinomas. The alterations of CD44 mole-
cules are closely related to the carcinoma grade. The
decrease or absence of CD44 expression is not linked to
the undifferentiated cell phenotype, corresponding with
tissue progenitor (stem) or transit-amplifying cells, but
it is likely to be linked to the derangement of differen-
tiation of tumour cells, morphologically manifested by

prominent cytological atypia in high-grade urothelial
carcinomas.
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