
Abstract. Galectin-3 (gal-3) is a glycoprotein involved in
various physiological cellular processes. Altered expression/
loss of function of gal-3 is suggested to be involved in the
pathogenesis and further progression of various human cancer
entities. The aim of the present investigation was to elucidate
the role of galectin-3 in the development and/or progression of
non-muscle invasive (pTa, pT1) transitional cell carcinoma
(TCC) of the urinary bladder. Gal-3 was analyzed by immuno-
histochemistry in 162 randomly selected non-muscle invasive
bladder cancer specimens (pTa, 91; pT1, 71) using tissue
microarray technique. It was compared with various patient
and tumour characteristics (t-test). In addition, the role of gal-3
in association with tumour recurrence and progression was
investigated (Log-rank test, Cox regression analysis). Gal-3
was found to be negatively correlated with tumour grade
(p<0.02). Within the group of non-muscle invasive TCC, gal-3
could not differentiate between pTa and pT1 tumours
(p=0.50), and within the subgroup of pTa tumours, loss of
gal-3 determined the likelihood for the development of
recurrent disease (p<0.03; Student's t-test). Furthermore, as
demonstrated by Kaplan-Meier analysis, the expression level
of gal-3 was identified to predict the duration of recurrence-
free survival (p=0.01). In the multivariate analysis, gal-3 was
found as an independent prognostic marker for predicting
recurrence among the cohort of bladder tumours classified as
pTa. In conclusion, loss of galectin-3 appears to be involved
in the carcinogenesis of TCC and to serve as a valuable
biological variable to identify a subgroup of Ta bladder cancer
patients at high risk for the development of recurrent disease.

Introduction

In the US, more than 67,000 new cases of bladder cancer,
mostly transitional cell carcinoma (TCC), and 13,000 bladder
cancer-related deaths were estimated to have occurred in 2007,
with treatment costs amounting to approximately 2.9 billion
dollars (1,2). Limiting tumour recurrence is one of the most
cost-effective factors associated with the treatment of this
disease, since 30-80% of bladder cancers tend to recur within
the first 3 years following transurethral resection of the
primary tumour (3). Thirty percent of low grade tumours recur
at a higher grade (4,5), which is subsequently associated with
an increased risk for the development of progressive/muscle-
invasive disease. Besides recurrence, the unpredictable
biological behaviour of superficial TCC, including the
development of locally invasive tumour growth, the latter risk
mainly affecting patients revealing pT1 tumours, represents
one of the dilemmas faced during the treatment of the disease
(6). 

Galectin-3 (gal-3) is one of the most extensively investigated
galectins. It has been demonstrated to be extensively involved
in cellular processes such as cell-cell adhesion and cell-matrix
interactions. Additionally, gal-3 was demonstrated to induce
apoptosis, angiogenesis and mRNA splicing (7). However,
the role of gal-3 in the development and/or progression of
human malignant disease remains to be clarified (8). 

Studies of gal-3 expression in urologic malignancies are
sparse. For prostate cancer patients, decreased gal-3 expression
appears to be negatively correlated with the biological
aggressiveness of the primary tumours (9). In a study
conducted by Francois et al (10), which determined gal-3
expression levels in primary renal cell carcinomas by an
immunohistochemical approach, deceased gal-3 levels were
directly correlated with tumour grade. In contrast, the
involvement of gal-3 in the development and progression of
transitional cell carcinoma of the urinary bladder has been
rarely investigated. Although Cindolo et al (11) observed an
increased expression of gal-3 in bladder cancer specimens
when compared with non-malignant urothelium as detected
at the mRNA level by Northern blot analysis, a correlation
between mRNA levels and further tumour characteristics
such as stage and grade was not evident.

Therefore, the aim of the present investigation was to
further clarify the involvement of galectin-3 in superficial
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bladder cancer (pTa, pT1), particularly to determine the
capability of altered protein expression levels to predict the
likelihood for tumour recurrence and progression following
transurethral resection.

Materials and methods

Patients and specimens. A total of 162 patients with superficial
bladder cancer treated by transurethral resection between
1993 and 2000 for whom paraffin blocks were available were
included in the present investigation following approval by
the Ethics Committee of Tübingen University. Follow-up
information obtained from the patient charts included tumour
stage, grade, the development of tumour recurrence and/or
tumour progression, the presence of multifocal vs. unifocal
tumour growth, the co-existence of carcinoma in situ (CIS) as
well as patient gender and age. Only patients with a minimum
follow-up of at least 3 years following initial transurethral
treatment of the primary intravesical lesions were included in
the present study. Recurrence was defined as reappearance of
tumours of the same stage. Progression was defined as tumour
development from non-muscle to muscle-invasive disease.
All tumours were initially graded by pathologists according
to the 1973 WHO grading system (12). As recommended by
the EAU guidelines 2007 (13), this classification was used in
the present study. 

Tissue microarray and immunohistochemical analysis.
Initially, tumour specimens were formalin-fixed, dehydrated
and embedded in paraffin. The paraffin blocks were cut into
4-μm sections. H&E staining was performed for each tumour
specimen to validate tumour stage and grade as well as for
the onset of tissue microarrays (TMA). The TMAs were
constructed as described previously (14,15).

For immunohistochemical analysis, the fresh cut 4-μm
paraffin sections were deparaffinized, rehydrated and
immersed in 3% hydrogen peroxide in purified water to block
endogenous peroxidase activity. Antigen retrieval was
accomplished by a steaming pretreatment for 23 min at 100˚C
using a Target Retrieval Solution (S1699, Dako Cytomation
Inc.). Galectin-3 was immunohistochemically detected by a
commercially available anti-galectin-3 monoclonal mouse
antibody (R&D Systems, clone 194804, MAB 1154). The
optimal dilution of the anti-galectin-3 antibody was 1:300 in
Dako background reducing dilutent (S3022, Dako Cytomation
Inc.). Following overnight incubation (12 h), the sections
were washed in PBS + 0.05% Tween-20 and incubated both
with a universal secondary biotinylated antibody (K0690,
Dako Cytomation Inc.) and streptavidin for 30 min,
respectively. The DAB system (K3468, Dako Cytomation Inc.)
was used for visualization according to the manufacturer's
instructions. Sections were briefly rinsed in tap water, counter-
stained with hematoxylin (Surgipath, Harris' formula) and
mounted. For negative control, the primary anti-galectin-3
antibody was replaced by non-immune mouse serum. As a
positive control, human lung cancer tissue sections were
used.

The TMA slides were reviewed and classified by two
independent investigators (M.W.K. and A.S.M) in a blinded
manner. For statistical analysis, the immunohistochemical

staining reaction was classified according to a semi-
quantitative reference scale ranging from 0 to  3+, depending
on the intensity of galectin-3 protein expression. The relative
amount of tumour cells that stained positively for galectin-3
(0-100%) in conjunction with the rating of the staining
intensity, resulted in a staining score ranging from 0 to 300 as
described previously (14). The concordance rate of the
investigators was 89%. 

Statistical analysis. The JMP program was used for statistical
evaluations. A D'Augostino and Pearson omnibus normality
test was performed to determine whether all the data sets to
be compared were parametric or non-parametric. One-way
ANOVA and the Student's t-test were applied to correlate
gal-3 expression with various tumour characteristics. Time to
event probabilities were estimated by the univariate Kaplan-
Meier method. The Cox fit proportional hazard model was
applied for the multivariate analysis. Statistical differences
with p-values <0.05 were considered to be significant. 

Results

Clinicopathological data. A total number of 162 superficial
bladder cancer specimens obtained from transurethral
resections were included in the present investigation [119
(73%) men and 43 (27%) female patients]. According to
histopathologic evaluation, tumour stages were classified as
pTa in 91 (56%) and pT1 in 71 (44%) cases, respectively.
Tumour grade was as follows: G1, n=59 (36%); G2, n=90
(56%); and G3, n=13 (8%). The median follow-up interval
was 58.5 months. The average time interval between the initial
treatment and the observation of recurrent or progressive
disease was 14 (3-72) and 23 (3-79) months, respectively
(Table I). 

Assessment of immunohistochemical staining of gal-3. Only
the staining reaction within tumour cells was recognized for
the classification of the immunohistochemical staining
patterns. Gal-3 expression was preferably detected within the
cytoplasm of tumour cells. In a few cases, nuclear staining was
observed. However, it revealed no prognostic information for
the present cohort of patients. 

Correlation of gal-3 expression with clinicopathological
parameters. Gal-3 protein expression patterns were correlated
with various patient and tumour characteristics such as tumour
stage, grade, unifocal vs. multifocal tumour growth, the
detection of carcinoma in situ (CIS) in addition to the primary
papillary lesion as well as patient age and gender. Gal-3
expression was negatively correlated with tumour grade
(p<0.02; One-way ANOVA). Accordingly, the expression of
tumours classified as G1 and G2 differed significantly from
that observed in G3 lesions (p<0.01; Student's t-test).
However, pTa and pT1 tumours could not be distinguished
by gal-3 protein expression (p=0.50; Student's t-test)
(Table II).

In contrast, gal-3 was neither correlated with multifocal
tumour growth (p=0.75) nor the simultaneous detection of
CIS for specimens with identical histology (p=0.49) or
patient gender (p=0.29) and age (p=0.90) (Table II). 
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Correlation between gal-3 expression and the tendency
towards tumour recurrence and/or progression. All patients
included in this study had follow-up information of at least
36 months following transurethral resection of the primary
lesion. Eighty-four (52%) revealed at least one recurrence as
detected during subsequently performed examination by
cystoscopy. Of these, 47 patients with pTa disease showed
recurrent tumours. Twenty-eight (17%) patients revealed
progression of the previously detected tumour (Table I).

For pTa patients, decreased expression of gal-3 in the
primary tumour was significantly correlated with an increased
risk for the development of recurrent disease (p<0.03;
Student's t-test) as confirmed by Chi-square analysis (Figs. 1,
3 and 4; Table II). For statistical analysis and to determine
the prognostic value of altered gal-3 expression to predict the
duration of the patient recurrence-free survival, patients were
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Table I. Frequency distribution of clinicopathological parameters and average galectin-3 expression levels.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Clinicopathological parameters No. of patients % Galectin-3 expression levels

(n=162)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Clinical data
Male 119 73 205
Female 43 27 196
Agea 67.3 (mean) 69 (median) 200
Carcinoma in situ (+) 8 5 119
Multifocality (+) 60 37 189
Lymph node (+)b x x x

Pathological distribution
pTa 91 56 214
pT1 71 44 206
G1 59 36 211
G2 90 56 210
G3 13 8 170

Follow-up data
Time to recurrencea 14.6 (mean) 10 (median) x
Time to progressiona 23.1 (mean) 12 (median) x
pTa+pT1 recurrence (+) 84 52 194
pTa+pT1 recurrence (-) 78 48 209
pTa recurrence (+) 47 52 190
pTa recurrence (-) 44 48 226
pTa+pT1 progression (+) 28 17 182
pTa+pT1 progression (-) 134 83 204

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aAssessed in months. bNone of the patients with non-muscle invasive bladder cancer were assessed for positive lymph nodes.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Galectin-3 (gal-3) expression is significantly decreased in
recurrent pTa TCC (p<0.03; Student's t-test).

Figure 2. In the subgroup of pTa tumours, decreased galectin-3 protein
expression was significantly correlated with the likelihood for the
development of tumour recurrence as well as the duration of the recurrence-
free survival following transurethral resection of the primary intravesical
lesion (p=0.01; Log-rank test).
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classified into two groups according to the characteristics of
the immunohistochemical staining reaction (group A, staining
score ≥115; group B, staining score <115). The duration of
the recurrence-free survival was significantly decreased for
patients from group B (45 and 13 months for patients from
group A and B, respectively) (p=0.01; Log-rank test) (Fig. 2).

As detected using multivariate statistical analysis (Cox
logistic regression), gal-3 was identified as an independent
prognostic parameter to predict the likelihood for the
development of recurrent tumour growth for the TCC tumour
subgroup pTa. Further parameters included in the analysis
were tumour stage, tumour grade, multifocality, the co-
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Table II. p-values of the univariate and multivariate analyses using the Student's t-test and the Cox proportional hazard fit. 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Parameters p-value Chi-square Odds ratio Std Error Lower 95% Upper 95%
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Univariate analyses: Student's t-test 
Fit Y by X (Y=Gal-3)
Gender 0.29 1.26 1.00 0.00 0.00 0.01
Age 0.90 0.81 0.99 0.09 -0.45 0.08
Carcinoma in situ 0.49 0.97 4.51 0.01 0.00 0.02
Multifocality 0.75 0.10 0.79 0.00 0.00 0.00
Ta vs. T1 0.50 0.46 1.00 0.00 0.00 0.01
G1 vs. G2 0.79 0.07 0.99 0.00 0.00 0.00
G1 vs. G3 <0.01 1.69 6.20 0.00 0.00 0.02
G2 vs. G3 <0.01 1.89 4.00 0.00 0.00 0.01
Recurrence vs. non-recurrence (Ta+T1) 0.22 6.38 6.22 0.00 0.00 0.01
Recurrence vs. non-recurrence (Ta) <0.03 7.84 20.27 0.00 0.00 0.02
Recurrence vs. non-recurrence (T1) 0.59 0.47 1.77 0.00 0.00 0.01
Progression vs. non-progression (Ta+T1) 0.25 4.07 7.37 0.00 0.00 0.01
Progression vs. non-progression (Ta) 0.93 0.26 2.11 0.00 0.00 0.01
Progression vs. non-progression (T1) 0.13 4.47 11.60 0.00 0.00 0.02

Multivariate analysis: Cox proportional hazard fit 
Censor: recurrence of Ta tumors
Galectin-3 expression <0.01 9.59 X 0.00 -0.01 0.00
Tumour stage 0.61 0.26 X 0.15 -0.22 0.38
Grade 0.62 0.95 X 0.39 -0.80 0.89
Multifocality 0.27 1.21 X 0.18 -0.55 0.16
Carcinoma in situ 0.32 1.01 X 0.59 -1.69 0.85
Gender 0.06 3.52 X 0.23 -0.01 0.89
Age 0.10 2.75 X 0.02 0.00 0.06
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. pTa G1 TCC specimen from patient with recurrence 5 months
after initial TUR-BT; low galectin-3 expression.

Figure 4. High galectin-3 expression in a pTa bladder cancer specimen from
a patient who remained disease-free following resection of the primary
tumour. 
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existence of carcinoma in situ, gender and age. None of these
parameters were statistically significant (Table II).  

Twenty-eight (17%) patients showed tumour progression
(Table I). However, no significant correlation was noted with
gal-3 protein expression levels in both univariate and
multivariate analyses (Table II). 

Discussion

Increased galectin-3 expression was first observed in thyroid
and breast cancer as well as in squamous head and neck
carcinomas (16-18). Notably, these first observations were not
consistent in certain cases. Subsequently performed studies
on breast cancer described decreased gal-3 expression when
the expression levels in cancer and non-malignant tissue
specimens were compared (19). Conflicting data also became
evident for thyroid cancer. The most recently reported studies,
further questioning the initial suggestion of galectin-3 to be
specifically overexpressed in human malignant disease,
described an elevated gal-3 expression also for benign thyroid
tumours and cases of Hashimoto thyroiditis (20,21).

More recent investigations on urologic malignancies have
helped to determine gal-3 expression patterns more precisely.
Whereas gal-3 was observed to be retained or even elevated
in normal prostate glands, down-regulated or absent protein
expression was described for the vast majority of prostate
cancer specimens. In addition, a shift from a nuclear to an
intracytoplasmic localization of the protein was correlated, as
described for renal cell carcinomas, with an increased tendency
towards disease progression (10,22). For renal cell cancer, as
described by Francois et al (10), gal-3 expression was
observed to be decreased in correlation with increasing tumour
stage (stage I/II vs. II/III). 

Limited data are available for gal-3 expression in
transitional cell carcinomas of the urinary bladder. In contrast
to the above mentioned findings in prostate and renal cell
cancer, Cindolo et al (11) observed increased gal-3 mRNA
levels in TCC detected by Northern blot analysis. The findings
were grade and stage independent. However, there was no
attempt to confirm these results at the protein level. Therefore,
the present investigation was the first to determine gal-3
expression in non-muscle invasive TCC (pTa, pT1) and to
correlate protein expression patterns with their tendency
towards the development of recurrent and/or progressive
disease following transurethral resection of the primary vesical
lesion. Hereby, decreased gal-3 protein expression was
demonstrated to be negatively correlated with tumour grade
(p<0.02, One-way ANOVA). Additionally, for pTa tumours
the observation of decreased gal-3 expression predicted both
the likelihood for the development of recurrent disease
(p=0.03) and the duration of the recurrence-free survival
following transurethral resection of the primary tumour. In
light of a recurrence-free survival of 45 vs. 13 months for
patients with vs. without retained protein expression, the
duration of the recurrence-free survival was significantly
decreased for patients revealing loss of gal-3 (p=0.01; Log-
rank test). Furthermore, the multivariate model (Cox) revealed
that the expression of gal-3 indicates whether pTa transitional
carcinomas of the bladder might have an increased risk of
recurrence.

Discrepancies regarding gal-3 expression levels in
various tumour entities including breast, thyroid, colon and
now transitional cell cancer of the urinary bladder, might be
explained by a non-specific involvement of the protein in
tumour development and/or progression or, much more likely,
by the different investigational approaches applied so far.
Whereas Cindolo et al (11) determined gal-3 mRNA levels
in TCC by Northern blot analysis, gal-3 expression was
investigated at the protein level by immunohistochemistry in
the current study. Therefore, according to the promising
results obtained herein and to further determine the value of
galectin-3 to predict the aggressiveness of at least a subgroup
of non-muscle invasive bladder cancer, further investigations
must be performed prospectively including comparative
analytical approaches both at the protein and RNA levels. 
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