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Maspin protein expression correlates with tumor progression
in non-muscle invasive bladder cancer
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Abstract. Maspin is a 42-kDa protein that belongs to the
family of serine protease inhibitors. It is involved in various
physiological processes. In cancer tissue, Maspin was found
to influence angiogenesis, tumor growth, metastasis and
the prognosis of tumor patients. This study was performed
to analyze the involvement of Maspin in transitional cell
carcinoma of the bladder as well as its prognostic impact in a
large patient cohort. Specimens from 162 non-muscle invasive
bladder cancer patients (pTa, 91; pT'l, 71) treated by transure-
thral resection with a minimum 3-year follow-up (median
58.5 months) were included in the present investigation. Tissue
microarrays were constructed, and the specimens were immu-
nohistochemically stained for Maspin protein expression.
Each tissue specimen was assessed on a staining scale ranging
from O (no staining) to 300 (strong staining) and correlated
with various clinicopathological parameters. Maspin protein
expression predicted progression with a sensitivity of 95%
and a specificity of 70% (p<0.001). In predicting recurrence,
Maspin staining showed 52% sensitivity and 67% specificity
(p<0.05). Kaplan-Meier analyses were performed, and a
low Maspin protein expression was correlated with a higher
incidence of tumor progression (p<0.0001). However, expres-
sion levels of Maspin protein did not distinguish between pTa
and pT1 specimens. Multivariate analyses indicated Maspin
expression as an independent factor for predicting progres-
sion (p<0.0001) and recurrence (p<0.05). The present results
suggest that the Maspin protein expression is an independent
prognostic indicator for predicting recurrence and progression
to muscle invasive disease. This study further emphasizes a
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possible clinical role of this novel tumor suppressor gene in
transitional cell carcinoma of the bladder.

Introduction

The incidence of bladder cancer has shown a steady increase
over the past decade with an estimated 72,000 newly diag-
nosed cases in 2009 compared to approximately 54,000 in
1999 in the US (1,2). At primary contact with medical health
care, the majority of patients present with non-muscle invasive
stages of this disease (pTa and pT'1) and are commonly treated
with bladder-sparing procedures such as transurethral resec-
tion of the bladder. Clinicopathologic parameters, such as
tumor stage and grade, concomitant carcinoma in situ (CIS)
and multifocality are known to be predictors of recurrence,
progression and survival. Investigations over the past years
have increased the understanding of the biological behavior
of this disease and have led to novel prognostic and thera-
peutic recommendations and approaches (3). However, more
than 50 to 70% of non-muscle invasive bladder cancer cases
recur within 3 years after primary treatment with a 10 to 30%
progression rate to muscle invasive tumor stages (pI2-pI4)
@.,5).

Maspin, a 42-kDa non-serine protease inhibitory protein
of the serpin family, has versatile biological functions. It
is an epithelial-specific gene and is the only serpin whose
absence is lethal in early embryogenesis (6,7). Its less specific
but broad functions indicate that Maspin may be the oldest
component of the serpin family. Maspin plays a role in the
inhibition of angiogenesis, thereby regulating tumor growth,
invasion and metastasis by blocking VEGF-/bFGF-induced
vascular endothelial cell migration (8). Recombinant Maspin
(rMaspin) is produced by fusion with glutathione S-transferase.
Investigations involving rMaspin as well as secreted Maspin
may show various anti-tumor effects besides angiogenesis
inhibition, such as restraint of tumor adhesion and motility,
thereby also modulating invasion and metastasis. Urokinase-
type plasminogen activator, urokinase-type plasminogen
activator receptor and collagen type I and III were previously
identified as extracellular targets that strengthen focal adhe-
sion contacts (9,10). Among its biological functions, Maspin
was found to induce apoptosis by regulating Bcl-2 family
proteins and/or interacting with Hsp90 (11,12).
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The diverse functions of Maspin and its involvement in
tumor development have resulted in an extensive number of
investigational studies. Only four studies involving the role of
Maspin in bladder cancer have been published thus far, with
controversial results (13-16). The present study immunohis-
tochemically evaluated the expression of Maspin to determine
the correlations between tumor expression in non-muscle
invasive transitional cell carcinoma of the bladder (TCC) and
patient recurrence- and progression-free survival.

Materials and methods

Patients and specimens. Archival specimens from 162
non-muscle invasive bladder cancer patients treated by tran-
surethral resection between 1993 and 2003 were included in
the present investigation. The same cohort was validated in
a previous biomarker study investigating galectin-3 (17). The
study was approved by the Ethics Committee of Tiibingen
University. Table I shows details of patient and tumor char-
acteristics. Follow-up information was available for all 162
patients with a minimum follow-up time of 3 years. In case
of tumor recurrence or progression, tumor specimens were
included regardless of the time when either recurrence or
progression occurred. Recurrence was defined as the reap-
pearance of tumors of the same stage. Progression was defined
as tumor development from non-muscle to muscle invasive
disease. For classification, the tumor, node and metastasis
(TNM) staging system was used. The tumors were initially
graded by pathologists according to the 1973 World Helath
Organization grading system (18).

Tissue microarray and immunohistochemical analysis.
Tumor specimens were fixed in formalin, dehydrated and
embedded in paraffin. The paraffin blocks were cut into 4-ym
sections. Hematoxylin and eosin staining was performed
for each tumor specimen to validate tumor stage and grade.
Tissue microarrays (TMAs) were constructed and stained as
previously described (17,19-21). A commercially available
Maspin antibody (monoclonal mouse antibody; NCL-Maspin,
Novocastra Laboratories Ltd.) in a dilution of 1:500 was used.
For the negative control, the primary anti-human Maspin anti-
body was replaced by non-immune mouse serum.

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 semiquantita-
tive reference scale ranging from ‘0’ to ‘3+, depending on
the intensity of the Maspin protein expression. The rela-
tive amount of tumor cells stained positively for Maspin
(0-100%) in conjunction with the rating of the staining inten-
sity, resulted in a staining score ranging from 0 to 300 as
previously described (19). The same evaluation method was
validated in previous studies (17,21). The concordance rate
of the investigators was 90%.

Statistical analysis. The JMP program was used for statis-
tical evaluations. A D’Augostino and Pearson omnibus
normality test was performed to determine whether all data
sets were parametric or non-parametric. One-way ANOVA
and the Student's t-test were applied to correlate the Maspin
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Table I. Frequency distribution of clinicopathological param-
eters and average Maspin expression levels.

Maspin
Clinicopathological No. of expression
parameters patients? % levels
Clinical data
Male 119 73 176
Female 43 27 157
Age, years 67.3 (mean) 69 (median) 171
Carcinoma in situ + 8 5 122
Multifocality (+) 60 37 164
Lymph node (+)° - - -
Pathological distribution
pTa 91 56 179
pT1 71 44 168
Gl 59 36 161
G2 90 56 195
G3 13 8 102
Follow-up data
Time to recurrence® 14.6 (mean) 10 (median) -
Time to progression® 23.1 (mean) 12 (median) -
pTa+pT1 recurrence (+) 84 52 154
pTa+pT1 recurrence (-) 78 48 191
pTa recurrence (+) 47 52 156
pTa recurrence (-) 44 48 196
pT1 recurrence (+) 37 52 153
pT1 recurrence (-) 34 48 184
pTa+pT1 progression (+) 28 17 82
pTa+pT1 progression (-) 134 83 195
pTa progression (+) 9 10 80
pTa progression (-) 82 90 195
pT1 progression (+) 19 27 83
pT1 progression (-) 52 73 193

n=162 (non-muscle invasive). "Time was assessed in months. ‘None of
the patients with non-muscle invasive bladder cancer were assessed for
positive lymph nodes.

expression with various tumor characteristics. Time-to-event
probabilities were estimated by the univariate Kaplan-Meier
method. The Cox proportional hazard model was applied for
the multivariate analysis. P<0.05 was considered to indicate
statistically significant differences.

Results

Clinicopathological data. Specimens of 162 patients
[119 (73%) male and 43 (27%) female] with non-muscle
invasive TCC as detected using cystoscopy were included
in the present study. Tumor stages according to the TNM
system were determined as follows: pTa, n=91 (56%) and pT1,
n=71 (44%). Since exclusively non-muscle invasive tumors
were investigated, no information on lymph node invasion
and distant metastasis was recorded. Of the 162 specimens,
59 (36%) were graded as G1, 90 (56%) as G2 and 13 (8%)
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Table II. Univariate and multivariate analyses.?
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Parameters P-value Chi square Odds ratio Standard error
Univariate analyses: Student's t-test

Fit Y by X (Y=Maspin)

Gender 0.180 1.58 1.00 0.00
Age 0.580 - - -
Carcinoma in situ <0.050 2.28 7.68 0.00
Multifocality 0.410 1.68 1.31 0.00
Tavs. T1 0.420 0.43 1.52 0.00
Gl vs. G2 <0.050 4.42 4.28 0.00
Gl vs. G3 >0.050 1.67 1.30 0.00
G2 vs. G3 <0.010 7.12 9.77 0.00
Recurrence vs. non-recurrence (Ta+T1) <0.050 5.16 4.57 0.00
Recurrence vs. non-recurrence (Ta) <0.050 3.73 6.36 0.00
Recurrence vs. non-recurrence (T1) >0.050 1.46 1.77 0.00
Progression vs. non-progression (Ta+T1) <0.001 12.16 15.50 0.00
Progression vs. non-progression (Ta) <0.001 10.96 12.24 0.00
Progression vs. non-progression (T1) <0.001 10.36 11.59 0.00
Multivariate analysis: Cox proportional hazard

Censor: recurrence of Ta/T1 tumors

Maspin expression <0.05 6.69 - 0.00
T-stage 0.70 0.15 - 0.16
Grade 0.17 3.50 - 0.29
Multifocality 0.51 0.41 - 0.14
Carcinoma in situ 0.25 1.35 - 0.36
Gender 0.75 0.10 - 0.16
Age 0.18 1.76 - 0.01
Multivariate analysis: Cox proportional hazard

Censor: progression of Ta/T1 tumors

Maspin expression <0.0001 26.53 - 0.00
T-stage 0.2500 1.32 - 0.32
Grade 0.7900 0.47 - 0.60
Multifocality 0.0900 2.97 - 0.25
Carcinoma in situ 0.8100 0.05 - 0.63
Gender 0.8500 0.04 - 0.26
Age 0.2100 2.12 - 0.13

#P-values of the univariate and multivariate analyses are indicated using the Student's t-test and the Cox proportional hazard model.

as G3. Follow-up data were available for patients with a median
follow-up of 58.5 months. Tumor recurrence was observed in
84 (52%) patients, and tumor progression in 28 (17%) patients.
The average time interval between initial treatment and time
of recurrence was 14 (3-72) and 23 (3-79) months for tumor
progression (Table I).

Maspin expression. Maspin protein was detected in the
nucleus and cytoplasm of the TCC specimens. A clear shift
from high to faint staining within the nucleus was observed
with more aggressive forms of non-muscle invasive TCC
specimens in terms of risk of recurrence and progression. In
12 muscle-invasive tumor tissues used as comparative samples,
no nuclear staining was observed (unpublished data).

Statistical analysis of Maspin protein expression in the
TMAs is shown in Table II. Urothelium-defined (pTa) and
minimally invasive TCC (pT1) were not distinguished by
immunohistochemically detected Maspin protein expression
(p=0.42). TCCs with low and high tumor grades (G1 and G3)
showed a lower Maspin expression compared to grade 2
tumors. CIS was noted in 8 patients. While the presence of
CIS correlated with Maspin staining scores (p<0.05), multi-
focal tumors at the time of diagnosis showed no significant
correlation (p=0.41).

Maspin expression in correlation with follow-up information.
We evaluated whether the Maspin protein expression in non-
muscle invasive bladder cancer specimens predicts tumor
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Figure 1. Maspin protein expression in pTa/pTl TCC cases in correlation
with (A) tumor recurrence (p<0.05) and (B) tumor progression (p<0.0001).
The y-axis shows Maspin staining levels.
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Figure 2. A decreased Maspin protein expression in pTa/pT1 TCC cases was
significantly associated with an increased likelihood of tumor progression
and a shorter progression-free survival (group B, Maspin level <175) in the
Kaplan-Meier analysis (p<0.0001, Log-rank test). The y-axis shows the
probability of non-progression.

recurrence and/or muscle invasion. Results are shown in
Table II. Decreased staining levels in pTa, as well as in combi-
nation with pT1 tumors showed a higher incidence of tumor
relapse (p<0.05, Student's t-test) as confirmed by Chi-square
analyses (Table II, Fig. 1). However, the Kaplan-Meier analysis
did not indicate any significant prognostic value in respect to
tumor recurrence. As shown in Table III, sensitivity and speci-
ficity were low, at 52 and 67%, respectively. The univariate
analysis of the prognostic significance of the staining score
in relation to the likelihood of tumor progression showed
that a strong Maspin expression and nuclear staining were
associated with better survival in terms of tumor progression
(Table II, Fig. 3). Significant lower staining scores were noted
in pTa and pT1 tumors and a reduction in nuclear staining
in tissue samples of patients who showed tumor progression
within the follow-up time period (p<0.001; Student's t-test).
Subsequently, a Kaplan-Meier analysis was performed to
further stratify the prognostic value of Maspin. Therefore, we
classified the analyzed cohort into groups (A vs. B) according
to a receiver operating curve. The cut-off limit (Group A = 175
vs. B < 175) was based on the highest area under the curve and
selected using the JMP statistical program (JMP 6 software,
SAS Institute, Cary, NC, USA). Sensitivity and specificity
were then calculated as 95 and 70%, respectively (Table III).
As illustrated in Fig. 2, low Maspin protein expression levels
were highly associated with a shorter progression-free survival
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Figure 3. Maspin staining in TCC. (A) A strong Maspin protein expression
with cytoplasmic and nuclear staining in non-recurrent and non-progressive
pTa tumor. (B) Faint Maspin protein expression without nuclear staining in a
progressive pTa tumor.

Table III. Sensitivities and specificities.?

Sensitivity Specificity ~ Log-rank value
Recurrence 52% 67% p=0.1820
Progression 95% 70% p<0.0001

2Values for sensitivity and specificity of Maspin staining interference for
predicting tumor recurrence and tumor progression are indicated. The
cohort was divided into group A or B based on a Maspin staining score
of 170. Refer also to the Kaplan-Meier analysis.

(46 vs. 18 months; p<0.0001, Log-rank test). To determine
which of the studied parameters and/or Maspin staining are
independent prognostic indicators of tumor progression to
muscle invasion, we used the Cox proportional hazard model.
The statistical analysis affirmed only Maspin as an indepen-
dent prognostic predictor for the likelihood of progression
(p<0.0001; Table II). Further parameters, such as tumor stage
and grade, presence of concomitant CIS, multifocality, age
and gender, were included. None of these parameters were
statistically significant.

Discussion

Maspin is a 42-kDa protein associated with various tumor-
related processes such as the inhibition of cell migration,
cell invasion, angiogenesis, as well as improvement in cell
adhesion and the induction of programmed cell death, thus
classifying it as a tumor suppressor (8-12). Maspin expression
has been observed in multiple tissues, e.g., epithelium of the
breast, prostate, epidermis and lung (10,22-24). Localization
within the cell appears to define its function. Loss of nuclear
expression in ovarian, breast and lung cancer coincides with
more aggressive phenotypes and decreased survival (25-27).
We found a shift from nuclear to a predominantly cytoplasmic
staining in 12 muscle-invasive tissue samples and, notably,
in highly aggressive forms of non-muscle invasive bladder
cancer. Tissues from patients that showed progression to
muscle-invasive disease detected by subsequent cytoscopies
following initial diagnosis showed less nuclear staining in
the primary tissue. This observation stresses the assumption
that cytoplasmic Maspin in the early steps of tumor progres-
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sion may signal an imperfect suppressive effect. Currently,
only four studies evaluating Maspin expression in bladder
cancer have been published. Of these, only Blandamura et al
described the possible role of nuclear vs. cytoplasmic staining
(16). These authors found a correlation between nuclear Maspin
expression and lower histological grades (PUNLMP and low
grade). This stresses the prognostic value of Maspin since
low-grade and PUNLMP tumors are less likely to progress to
muscle-invasive tumor stages (pT'=2).

By exclusively including pTa and pT1 tissues in this inves-
tigation, we were unable to show significance in respect to
tumor stage and grade of the 162 examined samples. Similar
results were published by Friedrich et al who found a predom-
inantly weak Maspin protein expression in pla and pT1
tumors without any correlation in respect to stage and grade
(15). The two studies must be analyzed in contrast to that of
Blandamura and colleagues who reported a statistical associa-
tion between the Maspin staining pattern and stage and grade.
It appears that a strong Maspin expression was associated with
high-grade tumors whereas low-grade tumors and PUNLMP
expressed less Maspin (16). When comparing Maspin protein
expression in non-muscle invasive to muscle-invasive bladder
cancer, Sugimoto et al were the first to describe an increased
expression in higher tumor stages (pI=2 > pTa/pTl) (14).
However, in concordance to our results, no statistical differ-
ence was found when comparing pTa and pT'l tumors as 23 of
the 27 specimens showed no Maspin expression at any rate.

Following loss of the Maspin protein expression in
muscle-invasive tumor samples which suggested prognostic
significance, Beecken and colleagues further examined
Maspin mRNA expression in different bladder cell lines (13).
Highly aggressive tumor cell lines (MGHU1, UMUC3) showed
no Maspin mRNA expression. A subsequent investigation of
the in vivo tumor growth rate found a close inverse correlation
to the Maspin expression, highly emphasizing its prognostic
value. However, apart from the previous promising results, no
statistically significant correlation between Maspin staining
and tumor relapse of pTa tumors was observed. Notably, the
cohort of 24 patients for follow-up information in that study
was small. In the present study, follow-up information was
collected from 162 patients with a minimum follow-up time
of 36 months (median 58.5). A Chi-square analysis indicated
Maspin to be a prognostic indicator for tumor recurrence in pTa
and pTa/pT1 tumors (p<0.05), as well as an indicator for tumor
progression in pTa, pT'1 and pTa/pT1 TCC (p<0.001). However,
the sensitivity and specificity of 52 and 67%, respectively, for
tumor recurrence were rather low compared to 95 and 70%,
respectively, for tumor progression. As described above, loss
of Maspin appears to aggravate tumors via the deregulation
of tumor cell growth, motility and angiogenesis. Accordingly,
we found Maspin to be an independent prognostic indicator
for tumor progression to muscle-invasive disease in TCC in a
multivariate analysis (p<0.0001). Findings of a Kaplan-Meier
analysis showed a shorter progression-free survival (18 vs.
46 months) for non-muscle invasive TCC with low Maspin
protein expression scores.

In conclusion, the findings of the studies investigating
the protein expression of Maspin in TCC indicated that no
definitive answers can be formulated at this point. However,
our study showed that Maspin may play a significant role
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in predicting tumor progression since Maspin was found to
be an independent prognostic indicator. In order to promote
diagnostic and therapeutic possibilities, additional studies are
warranted to further clarify the role of Maspin in bladder
cancer. Therefore, further investigational approaches must be
engineered.
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