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Background: Membranous expression of the anti-adhesive glycoprotein podocalyxin-like (PODXL) has previously been found to
correlate with poor prognosis in several major cancer forms. Here we examined the prognostic impact of PODXL expression in
urothelial bladder cancer.

Methods: Immunohistochemical PODXL expression was examined in tissue microarrays with tumours from two independent
cohorts of patients with urothelial bladder cancer: n¼ 100 (Cohort I) and n¼ 343 (Cohort II). The impact of PODXL expression on
disease-specific survival (DSS; Cohort II), 5-year overall survival (OS; both cohorts) and 2-year progression-free survival (PFS; Cohort
II) was assessed.

Results: Membranous PODXL expression was significantly associated with more advanced tumour (T) stage and high-grade
tumours in both cohorts, and a significantly reduced 5-year OS (unadjusted HR¼ 2.25 in Cohort I and 3.10 in Cohort II, adjusted
HR¼ 2.05 in Cohort I and 2.18 in Cohort II) and DSS (unadjusted HR¼ 4.36, adjusted HR¼ 2.70). In patients with Ta and T1
tumours, membranous PODXL expression was an independent predictor of a reduced 2-year PFS (unadjusted HR¼ 6.19, adjusted
HR¼ 4.60) and DSS (unadjusted HR¼ 8.34, adjusted HR¼ 7.16).

Conclusion: Membranous PODXL expression is an independent risk factor for progressive disease and death in patients with
urothelial bladder cancer.

Although the majority of bladder malignancies do not invade muscle
at diagnosis, their highly unpredictable potential for recurrence and
progression into muscle invasion constitutes a significant clinical
problem (Raghavan et al, 1990; Masood et al, 2004). High-grade
bladder tumours with lamina propria invasion (T1) represent those
at greatest risk, rendering surgical management of this disease
subject to much controversy (Masood et al, 2004). Hence, there is a
great need for novel prognostic biomarkers to identify bladder
cancer patients who are more likely to fail first-line treatment, and
who should be offered cystectomy as a primary treatment.

Tumours invading the muscularis propria (T2) and beyond
(T3–T4) have high recurrence rates and poor prognosis (Soloway
et al, 1994; Sternberg, 1995), and although several chemother-
apeutic agents have demonstrated efficacy in the treatment of
advanced bladder cancer, response rates still need to be improved.

Podocalyxin-like protein (PODXL) is a glycoprotein with
anti-adhesive properties, first identified as being the predominant
sialoprotein expressed on the apical surface of the glomerular
epithelium (Kerjaschki et al, 1984). The glycoprotein PODXL is
also expressed in vascular endothelium (Kerjaschki et al, 1984) and
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haematopoietic stem cells (McNagny et al, 1997). The first report
of PODXL expression in malignant cells was its description as a
stem cell marker in testicular cancer (Schopperle et al, 2003). Since
then, tumour-cell-specific PODXL expression has been found to
associate with a more aggressive tumour phenotype and adverse
outcome in several forms of cancer, for example, breast (Somasiri
et al, 2004), prostate (Casey et al, 2006), ovarian (Cipollone et al,
2012), colorectal (Larsson et al, 2011; Larsson et al, 2012b) and
pancreatic cancer (Dallas et al, 2012). In particular, the poor
prognosis seems to be conferred by PODXL expression on the
apical surface/membrane of tumour cells (Larsson et al, 2011;
Cipollone et al, 2012; Dallas et al, 2012; Larsson et al, 2012b). In
hepatocellular carcinoma, however, PODXL expression in the
tumour-associated neovasculature has been demonstrated to
correlate with poor prognosis (Heukamp et al, 2006).

The expression and prognostic implications of PODXL in
urothelial bladder cancer has, to our knowledge, not yet been
described. The aim of the present study was therefore to examine
the associations of tumour-specific PODXL expression with
clinicopathological factors, disease progression and survival in
two independent cohorts of patients with urothelial bladder cancer
(Cohort I (n¼ 100) and Cohort II (n¼ 343)).

MATERIALS AND METHODS

Patients

Cohort I. This cohort is a consecutive cohort of all patients with a
first diagnosis of urothelial bladder cancer in the Department of
Pathology, Skåne University Hospital, Malmö, from 1 October
2002 until 31 December 2003, for whom archival tumour
specimens could be retrieved (n¼ 110). The cohort includes 80
(72.7%) men and 30 (27.3%) women with a median age of 72.86
(39.25–89.87) years. Information on vital status was obtained from
the Swedish Cause of Death Registry up until 31 December 2010.
Follow-up started at the date of diagnosis and ended at death,
emigration or on 31 December 2010, whichever came first. Median
follow-up time was 5.92 years (range 0.03–8.21) for the full cohort
and 7.71 years (range 7.04–8.21) for patients alive at 31 December
2010 (n¼ 48). Forty-eight patients (43.6%) died within 5 years.

The distribution of T-stage was 48 (43.6%) pTa, 24 (21.8%) pT1,
37 (33.8) pT2 and 1 (0.9%) pT3. Eighteen (16.4%) tumours were
Grade I, 34 (30.9%) were Grade II and 58 (52.7%) were Grade III.
Permission for this study was obtained from the Ethics Committee
at Lund University.

Cohort II. This cohort includes 344 patients from a prospective
cohort of patients with newly diagnosed urothelial bladder cancer
at the Uppsala University Hospital, from 1984 up until 2005.
Tumour specimens have been collected retrospectively and the
predominant group of pTa tumours reduced to include 115 cases.
Patient and tumour characteristics are described in Supplementary
Table 1. Progression-free survival (PFS), overall survival (OS) and
disease-specific survival (DSS) were calculated from the date of
surgery to date of event or last follow-up. Progression was defined
as shift of the tumour into a higher stage. Median time to
progression for patients with non-muscle-invasive disease was 18
months (range 2–55). Follow-up time for non-recurrent and non-
progressing cases were X4 and X5 years, respectively. Permission
for this study was obtained from the Ethics Committee at Uppsala
University.

Tissue microarray construction. All tumours were histopatholo-
gically re-evaluated and classified according to the WHO grading
system of 2004 by a board-certified pathologist. Tissue microarrays
(TMAs) were constructed using a semi-automated arraying device

(TMArrayer, Pathology Devices, Westminister, MD, USA). All
tumour samples were represented in duplicate tissue cores (1mm).

Immunohistochemistry and staining evaluation. For immuno-
histochemical analysis, 4-mm TMA sections were automatically
pre-treated using the PT Link system and then stained in an
Autostainer Plus (Dako, Glostrup, Denmark). Cohort I was used as
a test cohort for comparison of three different antibodies targeting
PODXL: one polyclonal, monospecific antibody (HPA002110;
Atlas Antibodies AB, Stockholm, Sweden) diluted 1 : 250, which
has been used and validated in previous biomarker studies on, for
example, testicular, colorectal and pancreatic cancer (Cheung et al,
2011; Larsson et al, 2011; Dallas et al, 2012; Larsson et al, 2012b),
and two monoclonal antibodies, clone 4F10 (sc-23903; Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), diluted 1 : 250, and
clone CL0308 (AMAb90667, Atlas Antibodies AB), diluted 1: 250.
Two of the antibodies, HPA002110 and CL0308, bind to epitopes
within the extracellular domain of PODXL (Supplementary
Figure 1A), whereas the epitope specificity for 4F10 is unknown.
The specificities of HPA002110 and CL0308 were further validated
using western blot analysis of PODXL-overexpressing cell line
lysates (Supplementary Figure 1B). The results demonstrate that
the two antibodies bind PODXL with identical specificity.

The TMA sections with tumours from Cohort II were stained
with the polyclonal antibody HPA002110 (Atlas Antibodies AB).

The expression of PODXL was recorded as negative (0), weak
cytoplasmic positivity in any proportion of cells (1), moderate
cytoplasmic positivity in any proportion (2), distinct membranous
positivity in p50% of cells (3) and distinct membranous positivity
in 450% of cells (4) as previously described (Larsson et al, 2011;
Larsson et al, 2012b). Staining of PODXL was evaluated by two
independent observers (KB and AHL) who were blinded to clinical
and outcome data.

Epitope mapping. Peptide mapping of HPA002110 and CL0308
was essentially performed as described previously (Hjelm et al,
2011). Biotinylated synthetic peptides (Sigma-Aldrich, St Louis,
MO, USA), 15 amino acids long with a 10- amino acid overlap,
were designed to cover the entire PODXL antigen sequence.
Peptides were dissolved and diluted to 0.1mgml� 1 in PBS
supplemented with BSA. Peptides were coupled to neutravidin-
coated Bioplex COOH beads (Bio-Rad Laboratories, Hercules, CA,
USA), and a bead mixture containing all 26 bead IDs was created.
Antibodies were diluted to 200 ngml� 1 and mixed with 30 ml of
bead mix, corresponding to 1200 beads per ID. The antibody–bead
mix was incubated for 60min, washed and mixed with PE-labelled
anti-rabbit or anti-mouse IgG antibody, incubated 30min, and
then washed and analysed using a Bioplex 200 system according to
the system manual.

Western blot. Two microgram of lysate from HEK293 cells
expressing recombinant myc-DDK-PODXL (LY401657; Origene
Technologies, Rockville, MD, USA) or the same amount of an
empty-vector-transfected HEK293 cell control lysate (LY40001)
were separated on precast 4–20% CriterionTGX SDS–PAGE
gradient gels (Bio-Rad Laboratories, Hercules, CA, USA) under
reducing conditions, followed by blotting to PVDF membranes
(Immobilon-P; Merck Millipore, Billerica, MA, USA), according to
the manufacturer’s recommendations. Membranes were blocked
(5% dry milk, 0.5% Tween20, 1�TBS) for 45min at RT before
addition of anti-PODXL antibody (HPA002110 and AMAb90667,
clone CL0308, both from Atlas Antibodies AB) diluted 1 : 500 in
blocking buffer. Following incubation for 1 h with the primary
antibody, the membranes were washed 4� 5min in 1�TBS with
0.1% Tween20. HRP-conjugated antibodies (Dako), diluted 1 : 3000
in blocking buffer, were added to the membranes and incubated for
1 h, followed by a final round of washing. Detection was carried out
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using Chemiluminescence HRP Substrate (Immobilon) according
to the manufacturer’s instructions.

Statistics. Spearman’s r- and w2-tests were applied for analysis of
the correlation between PODXL expression and clinicopathological
characteristics. Kaplan–Meier analysis and log-rank test were used
to illustrate differences in PFS (Cohort II), DSS (Cohort II) and
5-year OS (Cohort I and II) in strata according to PODXL
expression. Cox regression proportional hazards modelling was
used to estimate the impact of membranous vs non-membranous
PODXL expression on PFS, DSS and 5-year OS in both univariable
and multivariable analysis, adjusted for age, sex, T-stage and grade.
All tests were two-sided. A P-value of 0.05 was considered
significant. All statistical analyses were performed using IBM SPSS
Statistics version 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Antibody validation and distribution of PODXL expression.
Following antibody optimisation and staining, PODXL expression

could be evaluated with all three antibodies in tumours from 100
out of 110 (90.9%) cases in Cohort I and in 343 out of 344 (99.7%)
cases in Cohort II. Sample IHC images comparing PODXL
expression as assessed by the three different antibodies in Cohort I
are shown in Figure 1. The proportion of tumours displaying
cytoplasmic staining was lower for both monoclonal antibodies
compared with the polyclonal antibody, but there was a 100%
correlation regarding the presence and absence of membranous
PODXL staining with all three antibodies tested in Cohort I.
Notably, the fraction of membranous positivity, that is, tumours
having p50% or 450% positivity differed in a few cases. The
distribution of all staining modalities for the three different
antibodies used in Cohort I and the polyclonal antibody in Cohort
II is shown in Figure 2. Membranous PODXL expression was
denoted in 21 out of 100 (21.0%) of cases in Cohort I and 35 out of
343 (10.2%) in Cohort II. In line with previous studies,
membranous PODXL expression was predominantly observed in
subsets of tumour cells at the leading invasive front (Larsson et al,
2011; Dallas et al, 2012; Larsson et al, 2012b).

Associations of PODXL expression with patient and tumour
characteristics. Analyses of the relationship between PODXL
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Figure 1. Sample images of PODXL staining in urothelial bladder cancer—comparison of three different antibodies. Immunohistochemical
images (� 10 magnification) of five cases (A–E) with tumours denoted as having (0) negative, (1) weak, (2) moderate, (3) partly (o50%)
membranous and (4) membranous PODXL expression in 450% of tumour cells, using three different antibodies.
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staining and established clinicopathological factors revealed strong,
significant associations between membranous PODXL staining and
more advanced T-stage and high-grade tumours in both cohorts
(Table 1).

Associations of membranous PODXL expression with DSS and
5-year OS. The Kaplan–Meier analysis and the log-rank test

demonstrated that membranous PODXL expression (score 3–4)
was associated with a significantly reduced 5-year OS
compared with non-membranous (score 0–2) expression in
both Cohort I and Cohort II (Figure 3A and B). Similar
results were seen for DSS in Cohort II (Figure 3C). The
associations between membranous PODXL expression and survival
were confirmed in Cox univariable analysis (Table 2), and
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Figure 2. Distribution of PODXL staining in Cohort I and Cohort II with three different antibodies. Distribution of all categories of PODXL staining
(0–4) as assessed by three different antibodies in Cohort I, and with the polyclonal, monospecific antibody in Cohort II. Blue bars (score 0–2)
correspond to non-membranous staining and red bars (score 3–4) to membranous staining.

Table 1. Associations of PODXL expression with patient and tumour characteristics in two independent patient cohorts

Cohort I Cohort II

PODXL
expression

Non-membranous Membranous P-value Non-membranous Membranous P-value

n (%) 79 (79.0) 21 (21.0) 308 (89.5) 35 (10.2)

Age

pAverage 36 (45.6) 9 (42.9) 0.825 142 (46.1) 17 (48.6) 0.782
4Average 43 (54.4) 12 (57.1) 166 (53.9) 18 (51.4)

Gender

Female 15 (19.0) 11 (52.4) 0.002 72 (23.4) 11 (31.4) 0.293
Male 64 (81.0) 10 (47.6) 236 (76.6) 24 (68.6)

T-stage

Ta 39 (49.4) 1 (4.8) o0.001 114 (37.0) 1 (2.9) o0.001
T1 16 (20.3) 7 (33.3) 108 (35.1) 7 (20.0)
T2–4 24 (30.4) 13 (61.9) 86 (27.9) 27 (77.1)

Grade

Low 39 (49.4) 4 (19.0) 0.013 81 (26.3) 1 (2.9) 0.002
High 40 (50.6) 17 (81.0) 227 (73.7) 34 (97.1)

Abbreviation: PODXL¼podocalyxin-like.
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remained significant in multivariable analysis adjusted for age,
gender, T-stage and grade (Table 2).

Cytoplasmic PODXL expression (score 0–2) was not prognostic
in either of the cohorts (Supplementary Figure 2).

Association between PODXL expression, disease progression
and survival in patients with Ta and T1 tumours in Cohort
II. Next we examined the association between PODXL expression,
disease progression within 24 months and 5-year OS in patients

with Ta and T1 tumours in Cohort II (Table 3). This revealed that
despite the low number of cases with membranous PODXL
expression in this patient category, membranous PODXL expres-
sion was an independent predictor of an increased risk of disease
progression (univariable HR¼ 6.19, 95% CI¼ 1.42–26.98, and
multivariable HR¼ 4.60, 95% CI¼ 1.04–20.39). Moreover,
membranous PODXL expression was an independent predictor
of an increased risk of death from disease (univariable HR¼ 8.34,
95% CI¼ 3.21–21.65, and multivariable HR¼ 7.16, 95%
CI¼ 2.72–18.81).

1.0
A B C

0.8

0.6

O
ve

ra
ll 

su
rv

iv
al

0.4

0.2

0.0

1.0

0.8

0.6

O
ve

ra
ll 

su
rv

iv
al

D
is

ea
se

-s
pe

ci
fic

 s
ur

vi
va

l

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

0 1 2 3
Years from diagnosis

PODXL expression PODXL expression PODXL expression
Non-membranous; n =79, 33 events
Membranous; n =21, 14 events

Log rank P=0.010

Non-membranous; n =308, 144 events
Membranous; n =35, 26 events

Non-membranous; n =269, 80 events
Membranous; n =31, 21 events

Log rank P<0.001 Log rank P<0.001

4 5 0 1 2 3
Years from diagnosis

4 5 0 5 10 15
Years from diagnosis

20

Figure 3. Kaplan–Meier estimates of 5-year OS and DSS according to PODXL expression. Kaplan–Meier analysis of 5-year OS in (A) Cohort I and
(B) Cohort II, and (C) in DSS in Cohort II according to membranous (score 3–4) versus non-membranous (score 0–1) PODXL expression.

Table 2. Relative risks of death from disease and overall death within 5 years according to clinicopathological factors and PODXL expression in Cohort I
and Cohort II

Cohort I Cohort II

Risk of death within 5 years Risk of death from disease Risk of death within 5 years

Univariable Multivariable Univariable Multivariable Univariable Multivariable

n
(Events)

HR (95% CI) HR (95% CI)
n

(Events)
HR (95% CI) HR (95% CI)

n
(Events) HR (95% CI) HR (95% CI)

Age

Continuous 100 (47) 1.05 (1.02–1.08) 1.05 (1.02–1.09) 300 (101) 1.04 (1.02–1.07) 1.05 (1.03–1.07) 343 (170) 1.06 (1.05–1.08) 1.07 (1.05–1.09)

Gender

Female 26 (12) 1.00 1.00 72 (28) 1.00 1.00 83 (40) 1.00 1.00
Male 74 (35) 0.93 (0.48–1.79) 1.29 (0.61–2.72) 228 (73) 0.80 (0.52–1.24) 1.00 (0.64–1.56) 260 (130) 0.97 (0.68–1.39) 1.22 (0.85–1.76)

Stage

Ta 40 (7) 1.00 1.00 104 (13) 1.00 1.00 115 (35) 1.00 1.00
T1 23 (16) 5.08 (2.08–12.40) 1.86 (0.71–6.00) 97 (25) 2.20 (1.13–4.31) 2.15 (1.10–4.22) 115 (52) 1.62 (1.05–2.48) 1.57 (1.02–2.41)
T2–4 37 (24) 6.01 (2.58–14.00) 2.36 (0.74–7.57) 99 (63) 8.93 (4.90–16.27) 7.56 (4.09–13.97) 113 (83) 4.35 (2.92–6.48) 3.88 (2.57–5.86)

Grade

Low 43 (9) 1.00 1.00 75 (7) 1.00 1.00 82 (20) 1.00 1.00
High 57 (38) 4.64 (2.24–9.64) 3.61 (1.73–7.56) 225 (94) 5.79 (2.68–12.49) 1.53 (0.59–3.94) 261 (150) 3.10 (1.94–4.95) 1.20 (0.68–2.12)

PODXL expression

Negative 79 (33) 1.00 1.00 269 (80) 1.00 1.00 308 (144) 1.00 1.00
Positive 21 (14) 2.25 (1.20–4.22) 2.05 (1.06–3.94) 31 (21) 4.36 (2.67–7.10) 2.70 (1.60–4.55) 35 (26) 3.10 (2.03–4.72) 2.18 (1.39–3.41)

Abbreviations: CI¼ confidence interval; HR¼ hazards ratio; PODXL¼podocalyxin-like.

PODXL expression and prognosis in bladder cancer BRITISH JOURNAL OF CANCER

www.bjcancer.com |DOI:10.1038/bjc.2013.215 2325

http://www.bjcancer.com


DISCUSSION

The results from this study demonstrate, for the first time, that
membranous expression of PODXL in urothelial bladder cancer
strongly correlates with unfavourable tumour characteristics and is
an independent factor of DSS and OS. These findings were
observed in two independent patient cohorts, including a total
number of 446 cases. In one of the cohorts (n¼ 100), three
different antibodies were applied for the assessment of PODXL
expression, with 100% concordance regarding detection of the
presence of membranous staining.

Moreover, and importantly, PODXL was also an independent
predictor of tumour progression within 24 months in patients with
stage Ta and T1 tumours in Cohort II. These findings indicate that
in non-muscle-invasive bladder cancer, assessment of PODXL
could be of potential clinical value for monitoring of tumours
with high risk of progression and, hence, patients in need of more
aggressive first-line therapy or primary cystectomy. Further studies
are warranted to confirm these associations. In more advanced
tumours, assessment of PODXL expression may be of value for
selection of patients who would benefit from adjuvant or
neoadjuvant chemotherapy. In colorectal cancer, it has been
demonstrated that curatively treated patients with stage III
disease, with tumours displaying membranous PODXL expression,
had a significant benefit from adjuvant chemotherapy (Larsson
et al, 2011).

In the majority of bladder cancer cases, membranous expression
of PODXL was primarily observed at the invasive tumour front,
findings well in line with previous studies on pancreatic and
colorectal cancer (Larsson et al, 2011; Cipollone et al, 2012;
Larsson et al, 2012a). Given the comparatively low proportion of
tumour cells with membranous PODXL expression within
individual tumours, the use of the TMA technique may lead to

an underestimation of the proportion of positive cases, and could
also, at least in part, explain the differing proportion of tumours
with membranous PODXL expression in the two cohorts
investigated here. Therefore, although the TMA technique is
indispensable in retrospective studies, analysis of PODXL expres-
sion on full-face sections should be performed in prospective
studies.

In general, the results from the present study demonstrate a
higher proportion of tumour cells with membranous PODXL
expression in urothelial bladder cancer compared with, for
example, colorectal cancer (Larsson et al, 2011; Larsson et al,
2012a) and breast cancer (Somasiri et al, 2004), and a lower
proportion than in pancreatic (Ney et al, 2007; Dallas et al, 2012)
and high-grade serous ovarian cancer (Cipollone et al, 2012). The
high proportion of tumours with membranous PODXL expression
within the latter two cancer forms are, however, well in line with
their aggressive tumour phenotype.

The observation that it is the membranous, rather than
cytoplasmic, subcellular localisation of PODXL that confers poor
prognosis in urothelial bladder cancer is well in line with studies on
several other cancer forms, for example, colorectal, pancreatic and
ovarian malignancies (Larsson et al, 2011; Cipollone et al, 2012;
Dallas et al, 2012; Larsson et al, 2012a). The mechanistic basis for
these findings may, however, differ according to tumour type.
Cipollone et al (2012) demonstrated that in high-grade serous
epithelial ovarian cancer, localisation of podocalyxin to the cell
surface, but not cytoplasm, was associated with a significantly
decreased survival. In vitro data further demonstrated how forced
overexpression of PODXL in ovarian cancer cells led to a decreased
cell adhesion to mesothelial monolayers and fibronectin, and to
reduced b-1 integrin levels on the cell surface, altogether proposing
that PODXL may contribute to the formation of free-floating high-
grade serous tumour nodules during the initial steps of
transperitoneal metastasis, the most important route to disease

Table 3. Relative risks of disease progression within 24 months and DSS according to clinicopathological factors and PODXL expression in patients with
Ta–T1 tumours

Risk of disease progression within 24 months Risk of death from disease

Univariable Multivariable Univariable Multivariable

n (Events) HR (95% CI) HR (95% CI) n (Events) HR (95% CI) HR (95% CI)

Age

Continuous 133 (19) 1.02 (0.98–1.07) 1.01 (0.97–1.06) 201 (38) 1.03 (1.00–1.06) 1.03 (1.00–1.06)

Gender

Female 29 (2) 1.00 1.00 38 (5) 1.00 1.00
Male 104 (17) 2.51 (0.58–10.85) 2.00 (0.46–8.81) 163 (33) 1.81 (0.70–4.65) 1.38 (0.53–3.63)

Stage

Ta 68 (7) 1.00 1.00 104 (13) 1,00 1.00
T1 65 (12) 1.93 (0.76–4.91) 1.31 (0.48–3.62) 97 (25) 2.33 (1.19–4.56) 2.29 (1.16–4.51)

Grade

Low 48 (3) 1.00 1.00 74 (7) 1.00 1.00
High 85 (16) 3.28 (0.96–11.26) 2.96 (0.85–10.31) 127 (31) 3.04 (1.33–6.92) 1.59 (0.59–4.31)

PODXL expression

Non-membranous 130 (17) 1.00 1.00 194 (33) 1.00 1.00
Membranous 3 (2) 6.19 (1.42–26.98) 4.60 (1.04–20.39) 7 (5) 8.34 (3.21–21.65) 7.16 (2.72–18.81)

Abbreviations: CI¼ confidence interval; DSS¼disease-specific survival; HR¼ hazards ratio; PODXL¼podocalyxin-like.
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progression in EOC (Cipollone et al, 2012). In pancreatic cancer,
PODXL has been demonstrated to be a functional ligand of E- and
L-selectins, suggesting that its expression may promote haemato-
genic metastatic spread by facilitating binding of circulating
tumour cells to selectin-expressing host cells (Dallas et al, 2012).
PODXL is also a key orchestrator of apical morphology and
microvillus formation in epithelial cells, whereby the full-length
protein acts to recruit NHERF-1 to the apical domain, but its
extracellular domain and transmembrane region are sufficient for
direct recruitment of filamentous actin and ezrin to the plasma
membrane, independent of NHERF binding (Nielsen et al, 2007).
Podocalyxin-like has also been demonstrated to form a complex
with ezrin in breast and prostate cancer cells, leading to increased
in vitro migration and invasion (Sizemore et al, 2007).

Although ezrin expression has been demonstrated to correlate
with poor prognosis in several cancer forms, for example,
colorectal (Elzagheid et al, 2008), breast (Bruce et al, 2007) and
pancreatic cancer (Cui et al, 2010), the only, to our knowledge,
hitherto published report on the prognostic significance of ezrin
expression in urothelial bladder cancer demonstrated low mem-
branous ezrin expression to be an independent marker of
progression and DSS in 92 patients with T1G3 bladder cancer
undergoing non-maintenance BCG treatment (Palou et al, 2009). If
these associations can be confirmed in larger patient cohorts, it
would also be of interest to examine whether PODXL and ezrin
may have opposing functional roles in the progression of urothelial
bladder cancer.

As the assessment of PODXL in urine has proven useful for
diagnosing various conditions related to glomerular damage (Sato
et al, 2009; Zheng et al, 2011), it would also be of potential interest
to investigate whether PODXL levels in urine correlate to its
tumour-specific expression, and to clinical outcome, in patients
with urothelial bladder cancer. Potentially, this could prove to be a
non-invasive method for better monitoring of patients with non-
muscle tumours at risk of progressive disease.

In summary, results from immunohistochemical analyses of
tumours from two independent patient cohorts demonstrate that
membranous PODXL expression is an independent marker for
progressive disease and death in patients with urothelial bladder
cancer. These findings add another piece of evidence to the
growing body of data, from bench as well as bedside, supporting
the role of PODXL as a driver of a more malignant tumour
phenotype in several major cancer forms. The functional
mechanisms relevant to bladder cancer and the potential clinical
utility of PODXL as a biomarker for improved treatment
stratification of patients with urothelial bladder cancer warrant
further study.
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