
Abstract. Background: The aim of the present study was to
evaluate maspin expression in bladder urothelial papillary
neoplasms and test the results for correlation with
clinicopathological parameters. Patients and Methods: A total of
111 urothelial neoplasms from 66 patients were evaluated:
pathological examination of primary tumours disclosed 48 pTa
and 18 pT1. Fourteen additional biopsies, negative for neoplasm,
were collected as control biopsies. For each of the 111 neoplastic
samples and for the 14 control cases maspin and MIB1
immunoreactivity was evaluated. The immunohistochemical
reactions of the 66 primary neoplasms were used for statistical
analysis when the disease-free interval, presence and number of
relapses, and progression of the disease were tested, whereas all of
the 111 tumors were used when the association between the
maspin pattern and histological grade and/or pT were evaluated.
Thirty-three patients with primary pTa papillary neoplasms
(68.7%) and 11 out of eighteen with pT1 (61%), had subsequent
relapses of disease. For maspin immunoreactivity the
presence/absence of nuclear staining and the pattern of staining
were considered. Four patterns of reactivity were recognized and
were used for statistical analyses. Results: A statistical association
was found between the maspin pattern and pT, histological grade
and nuclear staining. Conclusion: In papillary urothelial
neoplasms, maspin has a pattern of distribution that is associated
with the histological grade and pathological stage, and this
probably reflects its different activities in the neoplastic process.

Maspin, a 42 kDa protein belonging to the serpin family,
has been shown to have a tissue distribution expression in
normal mammary epithelial cells, in the placenta, prostate,
thymus, testes, oral cavity, small intestine, skin and cornea
(1, 2). It has been demonstrated that maspin is the product
of a tumour suppressor gene (3). 

Although the mechanisms underlying its biological
activity are considered to be largely unknown, maspin has
been shown to act on the cell membrane both directly and
indirectly, affecting cell adhesion and inhibiting cell motility
and invasion (4). Chen et al. (5) demonstrated that maspin
causes alterations in proteins associated with the actin
network and a consequent reduction in cell motility, has a
pro-apoptotic effect and influences the ubiquitin
proteasome pathway of protein degradation.

Additionally, a p53-dependent regulatory pathway of
maspin in human cancer has been reported (6). Maspin
expression has been correlated to p53 protein expression
providing additional information on the possible regulatory
influence of the wild-type p53 protein (6-8). 

Maspin protein moreover, is present as a secreted,
cytoplasmic, nuclear and as a cell surface-associated protein,
and its specific subcellular localization seems to be
associated with distinct progression pathways (9-11).

Although maspin has been evaluated in many human types
of cancer, only three reports are present in the literature on
maspin expression in bladder carcinomas (12-14). In the first
report, Friedrich et al. investigated the expression of maspin
in non-invasive bladder carcinomas (pTa/pT1), testing the
results for correlation with neo-angiogenesis and the disease-
free interval or recurrence (12). The authors concluded that
maspin expression did not statistically correlate with the
disease-free interval or recurrence of disease.

In a subsequent study Sugimoto et al. (13) evaluated
maspin expression in a series of muscular invasive and non-
muscular invasive urothelial carcinomas and found that
maspin expression was restricted to the muscular-invasive
carcinomas, so having a worse prognostic meaning, in
contrast with other studied human carcinomas. 

Beecken and colleagues (14) very recently studied the
impact of maspin expression on the growth pattern of TCC
of the bladder, in bladder carcinoma cell lines and 51
patient samples of TCC of the bladder. Expression was
detected by RT-PCR and immunohistochemistry. They
found maspin expression in high quantities in normal
urothelium and that it was preserved in superficial bladder
cancer but significantly diminished in invasive carcinomas. 
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The aim of the present study was to evaluate maspin
expression in bladder papillary urothelial neoplasms and
compare its expression with clinicopathological parameters. 

In particular we evaluated: i) the differences of maspin
expression in papillary urothelial neoplasms of low malignant
potential (PUNLMP), papillary low-grade (LG) and papillary
high-grade (HG) urothelial carcinomas; ii) the value of the
considered parameters in predicting recurrence and/or
progression of disease as independent or combined factors.

Patients and Methods

Patients. A total of 111 samples of urothelial neoplasms were
collected from 66 patients, selected from 1997 to 2004, from the
archival material of Institute of Pathological Anatomy of Padova
University. Fourteen additional biopsies negative for neoplasm,
obtained from patients who underwent cystectomy for invasive
carcinoma, were collected as control biopsies. 

Fifteen patients were women and fifty-one men (male/female
ratio, 3:1). Among women the age ranged from 63 to 90 years
(median age, 76.1 years); among men the age ranged from 36 to 91
years (median age, 69.1 years).

The pathological examination of primary tumours disclosed 48
pTa and 18 pT1, with a grading distribution of 14 PUNLMP, 31
low-grade papillary urothelial carcinomas (LG) and 21 high-grade
papillary carcinomas (HG).

Thirty-three patients with primary pTa papillary neoplasms
(68.7%) and eleven out of eighteen with pT1 had subsequent
relapses of disease. All the considered cases had only one neoplasm
at the time of initial presentation. The follow-up ranged from 12
to 84 months (median value: 35.31 months, standard deviation:
15.288). Only four patients had a shorter follow-up and five
patients were lost to follow-up. Patients were followed up by
urinary cytology or histological biopsy. 

Taking into account primary and subsequent relapses, in total
80 Ta and 31 T1b cases were examined, according to the TNM
classification, VI edition, 2002. pTa/pT1 neoplasms were classified
as: PUNLMP (24 cases, all pTa), LG (49 cases, pTa/pT1 44/5
respectively), and HG (38 cases, pTa/pT1 11/27), according to the
WHO/ISUP (2004) classification of urothelial neoplasms (15).
Table I lists the detailed patient's clinicopathological data and the
immunohistochemical results. 

Therapy. The following clinical strategy was used for papillary
neoplasms, in agreement with the European guidelines (16): post-
operative adjuvant therapy with chemotherapy (mitomycin C) or
immunotherapy (Bacillus Calmette Guerin (BCG)) was administered
to all patients with non-muscle invasive papillary carcinomas, except
those with small singular pTa, low grade tumors. 

Follow-up investigations were performed by urologists, with a
cystoscopy every 3 months. All tumor recurrences were
histologically confirmed. 

Immunohistochemistry. All tissues were fixed in 10% formalin and
embedded in paraffin wax. For each sample, maspin and MIB1
reactivity was evaluated. Formalin-fixed, paraffin-embedded 5 Ìm
sections were cut for all 111 neoplastic samples and for the 14
normal control cases, and pre-treated in a microwave oven (750
watt) for 20 min in a citrate buffer (10 mM , pH 6.0).

The antibodies used were: for maspin: mouse monoclonal
antibody, clone G167-70, diluted 1:500, BD-Biosciences,
PharMingen International, San Diego, CA, USA, and for Ki-67:
mouse monoclonal antibody, clone MIB-1, diluted 1:100, DAKO,
Glostrup, Denmark.

The Automate Staining System (Biogenex-San Ramon, CA,
USA) was used. For maspin the sections were pre-incubated with
super block (Biogenex) for 5 min to block non-specific
background staining, incubated for 45 min at room temperature
and then incubated with EnVisionSystem HRP labelled polymer
anti-mouse (DAKO) for 30 min. For MIB1, after pre-incubation
the sections were incubated with biotinylated pre-diluted antibody
for 20 min (Biogenex) and then with streptavidin-peroxidase
complex (Biogenex) for 20 min. Between incubations, the sections
were washed in phosphate-buffered saline (PBS) (pH.7.00) for 3
min. The colour was developed using 3,3'-diaminobenzidine
(DAB; DAKO) for 4 min. Sections were counterstained with
Mayer's haematoxylin.

Normal breast tissue was used as a positive control for maspin.
As a negative control breast tissue was included substituting the
primary antibody with PBS.

Data analysis
Immunohistochemistry. For MIB1 two dedicated pathologists each
evaluated 10 randomised non overlapping frames throughout
each neoplasm, at x20 magnification, counting a total minimum
of 600 cells and expressing the number of positively labelled cells
as a percentage out of the total number of cells. Only nuclear
staining was considered as positive, independently of staining
intensity.

For maspin immunoreactivity (IR) a double count was
performed: i) the presence of nuclear staining and its percentage
of positivity, and ii) the pattern of staining together with the
intensity of staining, divided into weak (+/–) and strong (+). Both
nuclear and cytoplasmic staining were evaluated as positive. 

The percentage of positivity varied from 10% to 100%, with a
median value of 60%. Considering the non-normal distribution of
maspin values (p=0.001) the median value was used when the time
of first relapse and the progression of disease were tested.

Immunoreactivity for maspin of non-neoplastic control cases was
used as reference. Normal urothelium of control cases showed no
maspin IR or a weak cytoplasmic reactivity at the basal and supra-
basal layers.

Starting from the staining pattern of normal urothelium of the
control case tissue, maspin IR was then classified into four
patterns: i) negative staining (designated a) (Figure 1A); ii) a
normal-like pattern (designated b) (Figure 1B); 3) an accentuated
pattern, showing stronger intensity of staining throughout all layers
of the epithelium (designated c) (Figure 1C); and 4) a border
pattern, showing a strong intensity of staining in the deeper portion
of the urothelium (designated d) (Figure 1D).

Statistical analysis. The following tests were used when appropriate:
Fisher's exact test, Cramer's correlation coefficient for not ordered
and Kendall's test for ordered categorical data, respectively.

The following multi-parametrical models were used when
appropriate: Cox's proportional hazards (HR) model for survival
time (time-to-event) outcomes on one or more predictors;
logistic regression model expressed as odds ratio (OR) to predict
disease progression. 
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Table I. Clinicopathological parameters of the 66 patients and immunohistochemical results.

Case No. Age/Gender pT Grade† Maspin pattern‡ Mib1% Maspin% Follow-up months DFI Number of relapses Progression

1 70/M 1 HG d 10 30 49 9 1 Yes
2 83/M 0 PUNLMP b 2 60 46 46 0 No
3 64/M 0 LG c 5 90 49 23 2 No
4 57/M 0 HG c 10 100 lost
5 72/F 0 LG c 10 90 4 4 1 No
6 77/M 1 HG c 30 90 46 46 0 No
7 69/M 0 LG c 1 90 17 3 1 No
8 65/M 0 HG c 1 90 46 2 2 Yes
9 72/M 1 HG a 5 0 lost

10 63/M 0 HG d 0 90 48 12 1 No
11 76/M 1 HG d 5 90 43 41 2 Yes
12 71/F 0 HG b 40 0 44 4 1 No
13 87/M 0 PUNLMP b 5 80 44 44 0 No
14 73/M 0 LG c 10 70 48 22 1 No
15 75/M 0 PUNLMP a 2 0 45 36 1 No
16 63/F 0 LG c 10 100 45 11 1 No
17 61/M 0 LG b 2 70 44 44 0 No
18 87/F 0 LG b 20 90 45 4 1 No
19 67/M 0 PUNLMP a 5 0 51 6 1 Yes
20 70/M 0 LG b 5 70 10 5 2 No
21 79/M 0 LG b 2 80 49 19 4 No
22 66/M 0 LG b 10 90 14 5 3 Yes
23 79/M 0 PUNLMP a 7 0 47 13 1 Yes
24 59/M 0 LG b 1 70 50 50 0 No
25 77/M 0 HG c 5 0 lost
26 68/M 0 LG b 5 90 42 5 2 No
27 66/M 0 PUNLMP b 2 70 22 22 1 No
28 77/F 0 LG b 5 90 51 5 3 No
29 36/M 0 LG b 7 70 51 3 1 No
30 74/M 0 PUNLMP b 1 80 47 29 2 No
31 89/F 1 HG d 5 20 36 5 3 Yes
32 56/M 0 LG b 10 30 42 3 7 Yes
33 63/F 1 HG c 30 90 14 14 1 No
34 79/M 0 PUNLMP b 5 90 44 44 0 No
35 71/M 0 PUNLMP b 0 90 22 44 0 No
36 48/M 0 PUNLMP b 2 90 40 3 1 No
37 89/F 1 LG c 10 90 47 28 1
38 53/M 0 LG b 10 30 4 4 Yes
39 69/M 1 HG b 20 50 12 10 1 Yes
40 86/M 0 LG c 10 100 0 0 No
41 89/M 0 LG c 20 100 lost
42 79/M 1 HG c 20 90 47 47 0 No
43 71/F 1 HG c 25 90 3 1 No
44 74/M 0 LG b 0 70 42 24 2 Yes
45 90/F 1 HG d 1 10 lost 0 No
46 57/M 0 LG b 1 70 44 44 0 No
47 55/M 0 LG b 1 20 47 47 0 No
48 70/M 1 HG d 10 90 4 4 1 Yes
49 62/M 0 HG b 20 0 2 2 1 Yes
50 91/M 1 HG c 10 90 5 5 0 No
51 69/M 1 HG c 5 80 10 4 1 No
52 79/M 0 LG b 5 50 29 4 3 Yes
53 77/M 0 PUNLMP b 2 0 48 5 2 No
54 64/F 0 PUNLMP a 2 0 48 12 1 Yes
55 80/M 0 LG b 1 70 48 48 0 No
56 75/M 1 LG b 1 70 32 32 0 No
57 67/F 0 LG a 1 0 30 11 5 No
58 65/M 0 PUNLMP b 1 0 43 29 1 No

Table I. continued



Before analyses, the continuous variables (maspin and MIB1)
were spliced in a binary way (0-1), assigning the value 1 to maspin
<60% and MIB1 >10%. STATA 8 (StataCorp, College Station,
TX, USA) was used for evaluations. The immunohistochemical
reactions of the 66 primary neoplasms were used for statistical
analysis when disease free interval (DFI), presence and number of
relapses, and progression of the disease were tested; all 111 tumors
were used to determine the association between the maspin pattern
and grade and/or pT. P<0.05 was considered to be significant; 
p-values between 0.15 and 0.05 were considered as indicating a trend. 

Results

Immunohistochemical results. Normal urothelium of control
cases did not stain for maspin, or showed a weak intensity of
staining at the basal and supra-basal layers (Figure 2A, B). 

Some papillary tumors did not express maspin at all
(pattern a) (12%), most papillary neoplasms showed
maspin-positive IR in the basal, supra-basal and sometimes
intermediate layers, lacking the stain of the superficial layer,
with a weak stain (+/–) intensity (pattern b) (50%), other
cases showed positive reaction throughout epithelial layers
with strong staining intensity (pattern c) (27%) and other
cases showed IR at the margin line of neoplastic clusters
(pattern d) (10%) (Figure 1A, B, C, D). Among the primary
66 cases, we observed: pattern a staining in 5 pTa and 3
pT1, pattern b in 31 pTa and 2 pT1 and pattern c in 6 pTa
and 12 pT1; all 7 cases with pattern d were pT1. 

Considering all the 111 cases, we observed: pattern a in
18 pTa and 8 pT1, pattern b in 49 pTa and 1 pT1, pattern c
in 9 pTa and 15 pT1, and pattern d in 4 pTa and 7 pT1.
Maspin staining was prevalently cytoplasmic, with only 14
cases showing positive nuclear reaction (3 PUNLMP, 7 LG
and 4 HG). The intensity of stain was weak (+/–) for
PUNLMP and for the great majority of LG, and strong (+)
in HG. The detailed results of immunohistochemistry are
listed in Table I. 

Statistical results. A statistical association was found between
the maspin pattern and pT (Fisher's exact test: p<0.001,
Cramer's correlation coefficient: 0.580), maspin pattern and
histological grade (Fisher's exact test: p<0.001, Cramer's
correlation coefficient: 0.585) and maspin pattern and nuclear
staining (Fisher's exact test: p=0.018, Cramer's correlation
coefficient: 0.2). 

Using Cox's regression model correlated to the time of
first relapse, maspin <60% had an HR of 2.01 (p=0.027;
95% confidence interval [CI]: 0.810-3.701), while MIB1 had
an HR of 2.53 (p=0.02; CI: 1.387-4.642). 

The logistic regression model showed the following
results for the parameters related to the progression of
disease: maspin <60%, OR= 8.61 (p=0.01; CI: 1.501-
4.701); MIB1 >10%, OR: 13.31 (p=0.01; CI: 1.901-9.802).
No statistical significance was found for histological grade
(p=0.50) or gender (p=0.23).

Table II summarizes the maspin pattern distribution as
related to the histological grade. Figure 3 shows the time to
first relapse. Figures 4 and 5 show the time for first relapse
as a function of maspin staining and MIB1 staining
respectively.

Discussion

Maspin directly induces endothelial cell apoptosis in vitro
and this effect is maspin specific. In a recent study Li et al.
showed as tumor neo-vessels became leaky after maspin
treatment, whereas normal mature vessels were not affected
by maspin treatment (17). Targeting tumor vessel
endothelium therefore should serve as an effective therapy
against tumor angiogenesis and metastasis (17).

Although maspin has been investigated in tumor
progression and metastasis in many types of human cancer,
maspin in human bladder cancer has not been found to be a
promising prognostic marker in pTa/pT1 bladder cancer (12),
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Table I. continued

Case No. Age/Gender pT Grade‡ Maspin pattern† Mib1% Maspin% Follow-up months DFI Number of relapses Progression

59 50/M 1 LG c 10         100 27 2 3 Yes
60 83/F 0 LG b 30 90 46 2 1 No
61 53/M 0 LG b 15 0 16 4 2 Yes
62 89/F 1 HG a 80 0 10 7 3 Yes
63 67/F 0 LG b 30 90 38 3 1 Yes
64 57/M 0 PUNLMP a 1 0 32 12 5 No
65 67/M 0 LG b 1 0 19 6 3 No
66 76/M 1 HG d 5 80 27 17 1 No

‡PUNLMP, papillary urothelial neoplasm of low malignant potential; LG, low grade urothelial papillary carcinoma; HG, high grade urothelial
papillary carcinoma. †Pattern of maspin distribution: a) negative for maspin; b) normal-like pattern of distribution; c) accentuated pattern; d)
marginal pattern. DFI, disease-free  interval. 
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Figure 1. Maspin immunoreaction in papillary urothelial neoplasms showing four different types of pattern staining. A) No reaction for maspin; B) a
normal-like pattern of staining with a weak intensity, mainly at the lower layers of the urothelium; C) accentuated pattern with a strong intensity of
staining concerning all the layers of the urothelium; D) marginal pattern with a strong intensity of staining at the lower layer of the urothelium. Maspin,
A) x50; B) x50; C) x100; D) x100.

Figure 2. Maspin immunoreaction in non-neoplastic bladder tissue shows no reaction or a weak reaction in the lower layers of the urothelium (A). A
higher magnification showing greater detail (B). Maspin, A) x50; B) x200.



whereas it has been related to the development of muscle
invasive carcinomas (13). It is interesting to note that the
above mentioned authors found a positive correlation between
increased maspin expression and the progression of disease,
this being apparently in contrast with the results of other
studies on human cancer that correlate the presence of
maspin with a better prognosis. More recent evidence seems
to correlate low maspin expression in bladder neoplasms to
an increased tumor cell growth in vivo and in vitro (14). The
authors observed that maspin expression was preserved in
superficial bladder cancers but significantly diminished in
invasive carcinomas. Within the group of invasive TCCs, the
authors found that maspin expression was inversely correlated
to the patient's prognosis and that low maspin expression
levels were coupled to an increased tumor cell growth in vivo.

Very recently Lockett et al. (9) demonstrated the
essential role of maspin in epithelial homeostasis and that
a sub-cellular location of maspin seems to reflect a distinct
tumor progression pathway. It has already demonstrated
that maspin is present as a monomer, as a secreted,
cytoplasmic and nuclear, as well as a cell surface-associated
protein (11, 18-21). Evidence is emerging in the literature
on the importance of maspin sub-cellular distribution in
human malignancies (10, 11) and in this sense the present
study is the first that considers the maspin pattern
distribution rather than its percentage of positivity in
bladder neoplasms. Increased evidence has proven that sub-
cellular location of maspin has different role in regulating
cellular homeostasis. In particular, the nuclear location of
maspin seems to be the strongest predictor related to a
patient's disease-free survival (10, 11, 22, 23). 

The present results show that specific maspin patterns are
associated with different histological degrees of
differentiation and that nuclear staining is associated with
neoplasms of lower histological grade.

The staining distribution of maspin generally fell into two
main types of expression: one similar to that of normal
urothelium (pattern a or b) characterizing the great majority
of PUNLMP (23/24), low grade papillary carcinomas (38/49)
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Table II. Maspin distribution pattern as related to histological grade.

Maspin pattern HG LG PUNLMP Total (number 
of specimens)

a 13 6 7 26
b 2 32 16 50
c 13 10 1 24
d 10 1 0 11
Total (number 38 49 24 111
of specimens)

Figure 3. Baseline survival function related to first relapse. Cox
proportional hazard regression model.

Figure 4. First relapse by maspin survival functions. Upper curve: maspin
>60% (0), lower curve: maspin <60% (1). Cox proportional hazards
regression model.

Figure 5. First relapse by MIB1 survival functions. Upper curve: MIB1
<10% (0), lower curve: MIB1 >10% (1). Cox proportional hazards
regression model.



and pTa stage tumors (67/80); and the other showing a
stronger and/or diffuse staining (pattern c or d), seemingly
associated with higher grade papillary carcinomas (23/37)
and pT1 stage tumors (22/31).

Considering the number of relapses, maspin pattern b
(expressing less than 60% maspin) had an HR of 2.01 and,
using the logistic regression model for the progression of
disease, an OR of 8.61. 

Our results show that the strong expression of maspin is
related to a better behaviour of papillary neoplasms and this
is apparently in contrast with the absence of or reduced
maspin staining observed in the neoplasms of a lower
histological grade and at pTa stage. To explain our results,
a possible hypothesis is that lower grade papillary neoplasms
do not induce maspin activation, whereas high-grade
neoplasms exert maspin action in an attempt to restrict
tumor aggressiveness. 

The same hypothesis may explain the presence of nuclear
staining within the two categories of maspin pattern b and c,
which identify the papillary neoplasms of lower histological
grade (PUNLMP and LG).

Our results seem to show that the maspin distribution
pattern can be more useful than the evaluation of its
percentage of staining and this may be because its sub-
cellular location reflects different functional activities.
The present study shows that maspin maintains its
protective role in papillary urothelial carcinomas and
that it can be a helpful marker of behaviour in these
tumors.

The present study shows that maspin staining pattern can
be helpful in predicting, between LG and HG papillary
urothelial neoplasms, the cases with a favourable behaviour
with a low risk of relapse or progression of disease and a
long disease-free interval. 

More studies are needed to elucidate the exact implication
of maspin subcellular location and what functions are
precisely related to its different locations within the cell.
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