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Expression of extracellular matrix metalloproteinase
inducer and fascin in urinary bladder cancer:
Correlation with clinicopathological characteristics
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Abstract. Expression of extracellular matrix metalloproteinase
inducer (EMMPRIN) and fascin have recently received consid-
erable attention as emerging key markers of cell invasion and
metastasis in various types of cancers. The present study aimed
to characterize the expression of EMMPRIN and fascin in a
cohort of bladder cancer patients and to verify the association
with clinicopathological characteristics. Immunohistochemical
analysis of EMMPRIN and fascin was performed in
125 bladder cancer specimens, including 86 transitional cell
carcinoma (TCC) and 39 squamous cell carcinoma (SCC)
cases. Overexpression of EMMPRIN and fascin was detected
in 71.2 and 83.2% of bladder carcinomas, respectively, while
neither was detectable in the normal adjacent epithelium. In
SCC, EMMPRIN and fascin expression scores were found
to be higher compared to TCC cases (P=0.031 and 0.053,
respectively). Higher EMMPRIN and fascin immunoscores
markedly correlated with tumor pathological (pT) stage in TCC
(P<0.001) and SCC (P=0.004 and 0.001, respectively). High
EMMPRIN expression was strongly associated with advanced
grades in TCC and SCC (P=0.003 and 0.002, respectively).
Cases were then stratified, according to the joint expression
status of EMMPRIN and fascin, into four immunoprofiles.
A highly significant association was found between various
tumor immunoprofiles and pathological stage. Of those, the
EMMPRIN-/fascin-positive immunophenotype was closely
associated with pT'3 and pT4 tumors. The findings suggested an
association between increased EMMPRIN and fascin expres-
sion and increased progression of bladder cancer. Additionally,
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these two markers may act in concert to mediate a more aggres-
sive behavior through enhanced tumor cell invasion.

Introduction

Bladder cancer is a global health problem. Its incidence
ranks ninth worldwide (1). In Egypt, the situation is critical.
Bladder cancer has been and remains one of the most preva-
lent malignancies, accounting for 12.22% of the incident
cancers and representing the main bulk of the urinary system
malignancy (2). An aggressive form of this type of cancer,
schistosomiasis-associated bladder cancer, has been encoun-
tered among bladder cancer patients. During the past decade,
certain changes have been observed in the features of bladder
cancer associated with schistosomiasis (bilharziasis) in Egypt,
with a decrease in the frequency of squamous cell carcinoma
(SCC) and an increase in the incidence of transitional cell
carcinoma (TCC) cases (3).

Histopathological evaluation of tissues is the basis for the
grading and pathological staging of urinary bladder cancer,
delineating treatment strategy and predicting subsequent
clinical outcome. However, reliable prognostic information
regarding the biological behavior of these tumors is limited (4).

In addition, bladder cancer has markedly different
behavioral characteristics, however, patients with the same
disease stage may have divergent clinical course and different
outcomes following the same treatment regimen (5).

Therefore, new molecular markers that provide additional
objective information on the biological behavior of these
tumors may allow a more precise assessment and achieve a
better-targeted effective therapy.

Extracellular matrix metalloproteinase inducer
(EMMPRIN), also known as CDI147 or basigin, is a multi-
functional cell surface glycoprotein that belongs to the
immunoglobulin superfamily. It is highly expressed on the
surface of malignant cells and acts as an important mediator of
tumor cell invasion via stimulation of matrix metalloproteinases
(MMPs) production, tumor cell-induced angiogenesis via the
stimulation of vascular endothelial growth factor production
and multidrug resistance via hyaluronan-induced signaling (6).
Recent studies have reported its association with poor prognostic
features and aggressive phenotype in several types of tumors,
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including prostate cancer (7), tongue (8), uterine cervix (9) and
esophageal (10) SCCs.

Fascin is a 55-kDa actin-bundling protein that plays a
pivotal role in cell motility, migration and adhesion. There are
three highly related forms of fascin proteins: Fascin 1 (also
known as fascin), expressed by mesenchymal and nervous
tissues. The other two forms, fascin-2 and -3, are expressed
in the retinal photoreceptor cells and testes, respectively (11).
Fascin is overexpressed in a wide variety of tumors including
esophageal (12), prostatic (13) and ovarian (14) carcinomas and
usually correlates with aggressive features and poor prognosis.
However, it is usually absent or extremely underexpressed in
normal epithelia (11).

A number of studies are available on EMMPRIN (15-18)
and fascin (19-21) expression in the carcinoma of the urinary
bladder. These studies have reported high EMMPRIN and
fascin expression scores in invasive bladder urothelial carci-
noma and suggested that EMMPRIN and fascin overexpression
may be an indicator of aggressive TCC. None of these studies,
however, has assessed the expression of the two proteins in
SCC of the urinary bladder or schistosomiasis-associated
bladder carcinomas.

EMMPRIN has been reported as an inducer of MMPs
and causes tumor invasion and enhances the tumor metastatic
potential (6). Xie et al (22) reported that the effect of fascin on
cell invasion also depended on the activation of MMP-2 and
-9. Although the detailed pathway has yet to be fully estab-
lished, we hypothesized the presence of a possible correlation
between EMMPRIN and fascin expression that may have a
synergistic effect on bladder cancer.

In the present study, an immunohistochemical evalua-
tion of EMMPRIN and fascin proteins in TCC and SCC of
the urinary bladder was conducted in a cohort of Egyptian
patients. Expression of EMMPRIN and fascin was also
correlated with the schistosomal status, as well as with other
available clinicopathological characteristics. Furthermore,
we investigated the presence of possible correlations between
EMMPRIN and fascin expression in this series of urinary
bladder carcinomas.

Materials and methods

Patients and tissue specimens. This prospective study
included 125 patients (106 males and 19 females) referred
to the EI-Minia University Hospital (Minia, Egypt) for the
management of bladder tumor between January, 2009 and
July, 2011. The patients were subjected to full clinical evalu-
ations, laboratory investigations and imaging studies. Patient
age ranged from 45 to 70 years (mean, 56.97+6.38 years;
median, 56 years). Tumor specimens were obtained by radical
cystectomy or transurethral resection biopsy and were sent to
the pathology department for histopathological examination.
Only biopsies containing muscle tissue were included, in order
that muscle invasion by the tumor could be evaluated.

Histopathology. Hematoxylin and eosin (H&E)-stained
sections were prepared and examined according to standard
histopathological examination (23) to confirm tumor type,
grade and pathological stage. Pathological examination
showed TCC in 86 and SCC in 39 cases. Bilharzial infestation
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Table I. Patient clinicopathological characteristics.

TCC
n=86/125 (68.8%)

SCC
n=39/125 (31.2%)

Clinicopathological
characteristics

Age (years, %)

<50 9 (10.5%) 15 (38.5%)

>50 77 (89.5%) 24 (61.5%)
Gender

Male 72 (83.7%) 34 (87.2%)

Female 14 (16.3%) 5(12.8%)
Grade

Low 50 (58.1%) 114 (35.9%)

High 36 (41.9%) 11 17 (43.6%)

11T 8 (20.5 %)

Schistosomal status

Negative 44 (51.2%) 10 (25.6%)

Positive 42 (48.8%) 29 (74.4%)
Pathological stage

T1 18 (20.9%) 0

T2 32 (37.2%) 6 (15.4%)

T3 25 (29.1%) 21 (53.8%)

T4 11 (12.8%) 12 (30.8%)

TCC, transitional cell carcinoma; SCC, squamous cell carcinoma.

was evaluated by detection of bilharzial ova in tumor tissue
or adjacent non-neoplastic tissue or from the data already
provided in the patients' records.

Immunohistochemistry (IHC). Streptavidin-biotin immuno-
peroxidase complex procedure was applied forimmunostaining.
In brief, 4 ym sections were deparaffinized with xylene, and
rehydrated through graded alcohol. Endogenous peroxidase
activity was blocked by incubation with 0.3% hydrogen
peroxide in methanol for 30 min. Antigen retrieval was achieved
by microwave treatment in sodium citrate buffer (0.01 M,
pH 6.0) for 10 min. Tissue sections were then incubated with
monoclonal antibodies for EMMPRIN (mouse monoclonal
sc-21746 antibody; dilution 1:100; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) and fascin (mouse monoclonal
sc-21743 antibody; dilution 1:100; Santa Cruz Biotechnology,
Inc.) for 1 h, followed by biotinylated secondary antibody for
30 min at room temperature. Visualization of the reaction
was performed with an avidin-biotin complex immunoper-
oxidase system using 3,3' diaminobenzidine (DAB) as a
chromogen. Sections were then counterstained with hema-
toxylin, dehydrated, cleared and mounted with distyrene,
plasticizer and xylene (DPX).

Positive and negative control. Each staining batch included
positive and negative control sections. Negative control
sections were treated with phosphate-buffered saline (PBS)
instead of primary antibody. Sections of positive controls used
were invasive ductal breast carcinoma for EMMPRIN and
high-grade breast carcinomas for fascin.
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Figure 1. Immunohistochemical image of expression of EMMPRIN and fascin in invasive urinary bladder carcinoma. High membranous expression scores of
EMMPRIN in (A) TCC and (B) SCC cases. High fascin cytoplasmic expression scores in (C) TCC and (D) SCC cases. Images were analyzed using immuno-
histochemistry, 3,3' diaminobenzidine chromogen and hematoxylin counterstaining; magnification, x400). EMMPRIN, extracellular matrix metalloproteinase

inducer; TCC, transitional cell carcinoma; SCC, squamous cell carcinoma.

Scoring system. The levels of EMMPRIN and fascin protein
expression were evaluated using a semi-quantitative scoring
system, which was performed as described in previous
studies (19,24). Each slide was evaluated for the intensity of
the staining and the percentage of tumor cells stained posi-
tive. Immunoreactivity was assessed by two pathologists. The
correlation of their findings was high and in case of discrepan-
cies, a consensus was reached by joint evaluation. The extent
of the staining was scored as: <25% of tumor cells stained, 1;
25-50% of the tumor cells stained positive, 2; 51-75% of the
tumor cells stained positive, 3 and >75% of the tumor cells
stained positive, 4. Staining intensity was graded on a scale of
0-3: no staining, 0; weak, 1; moderate, 2; or intense staining, 3.
The combined score was calculated by multiplying the inten-
sity and percentage scores yielding an overall score range of
0-12. A final score of <2 was considered negative.

Statistical analysis. Statistical analysis was conducted using
the SPSS software version 11.0. Raw data were compiled and
used to determine the means + standard deviations (SDs),
median and ranges of various variables. Non-parametric
statistics were performed to evaluate the association between
EMMPRIN and fascin and various clinicopathological
characteristics. The Kruskal-Wallis test was carried out to
assess the differences of expression in the clinicopathological
variables with >2 groups, and the Mann-Whitney test was

used to evaluate difference of expression in the dichotomous
variables. The Chi-square and Fisher's exact tests were used
to compare categorical variables. P<0.05 was considered to
indicate a statistically significant difference.

Results

Clinicopathological data. Table 1 shows a summary of the
clinicopathological characteristics for the cases included in
this study. A total of 125 patients with primary bladder cancer
were included, 68.8% of whom were TCC, while 31.2% of were
SCC. A significantly lower patient age in SCC cases compared
to TCC cases was observed (P<0.001). The mean patient age
was 52.51+4.26 and 59.00+6.17 years in SCC and TCC, respec-
tively, with male predominance in the two types. Evidence of
schistosomiasis was noted in 71/125 (56.8%) of patients. A
significantly (P=0.008) lower frequency of associated schisto-
somiasis was noted in TCC compared to SCC cases. Regarding
invasiveness, all the SCC and 79.1% of TCC cases were muscle
invasive (T2, T3 and T4) at the time of diagnosis.

Expression of EMMPRIN and fascin in normal and
neoplastic bladder tissues. EMMPRIN and fascin immuno-
reactivity was undetectable in normal urothelium. However,
EMMPRIN and fascin expression was detectable on the cell
membrane (Fig. 1A and B) and cytoplasm (Fig. 1C and D)
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Table II. Correlation of EMMPRIN and fascin expression and clinicopathological characteristics of the 86 examined TCC cases.

EMMPRIN Fascin
Mean + SD Mean + SD
Clinicopathological characteristics Median (min-max) P-value Median (min-max) P-value
Age (years)
<50 5.22+4 46 0.690 7.66+3.70 0.453
6 (0-12) 9 (0-12)
>50 5.24+4.15 6.67+3.98
6 (0-12) 8 (0-12)
Gender
Male 5.75+4.13 0.01 7.05+£3.90 0.127
6 (0-12) 8 (0-12)
Female 2.64+3.31 5.35+4.03
0 (0-9) 5(0-12)
Schistosomiasis association
Negative 5.13+4.00 0.715 6.50+3.86 0.549
6 (0-12) 8 (0-12)
Positive 5.35+4.36 7.07+4.06
6 (0-12) 8 (0-12)
Grade
Low 4.04+3.90 0.003 6.32+3.91 0.190
4 (0-12) 6 (0-12)
High 6.91+3.96 7.41+3.95
8 (0-12) 8 (0-12)
Pathological stage
Tl 1.38+2 .45 <0.001 3.22+343 <0.001
0 (0-9) 2 (0-12)
T2 4.78+3.76 6.15+3.52
5(0-12) 6 (0-12)
T3 7.08+3.51 8.64+2.79
8 (0-12) 9 (0-12)
T4 8.72+3.77 10.18+3.12
9 (0-12) 12 (2-12)

Kruskal-Wallis and Mann-Whitney tests served as the test of significance. P<0.05, statistically significant. TCC, transitional cell carcinoma;
EMMPRIN, expression of extracellular matrix metalloproteinase inducer; SD, standard deviation.

in 71.2 and 83.2% of bladder carcinomas, respectively. A
significantly higher EMMPRIN mean of expression was
detected in SCC [mean = SD 6.97+4.21, median 8 (0-12)]
compared to TCC [mean + SD 5.24+4.16, median 6 (0-12)]
cases (P=0.031). Similarly, a higher fascin mean of expres-
sion was noted in SCC [mean + SD 8.35+3.03, median 8
(2-12)] compared to TCC [mean+ SD 6.77+3.95, median 8
(0-12)] cases, however, such a difference was not statistically
significant (P=0.053).

Expression of EMMPRIN and fascin in TCC. Table II summa-
rizes the immunohistochemical results of ECMMPRIN and
fascin expression in correlation with various clinicopatho-
logical parameters in TCC cases.

Regarding EMMPRIN expression, significant positive
associations between EMMPRIN overexpression and gender,

tumor grade and pathological stage were identified (P=0.01,
0.003 and <0.001, respectively). EMMPRIN expression
was found to be significantly associated with an increasing
invasiveness of the tumor. Non-muscle invasive urothelial
carcinomas (pT1) were strongly correlated with negative or
low EMMPRIN expression scores compared to muscle inva-
sive tumors (pT2-4) (P<0.001). Similarly, low-grade tumors
were associated with negative or low EMMPRIN expression
scores, whereas high-grade tumors showed higher expression
scores. No significant associations were observed regarding
patient age and schistosomal status. Concerning fascin expres-
sion, statistical analysis demonstrated a significant positive
association between high fascin immunostaining scores
and tumor pathological stage (P<0.001), i.e., the more the
increase of the tumor stage, the higher the fascin expression
score. A highly significant difference was identified between
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Table III. Correlation of EMMPRIN and fascin expression and clinicopathological characteristics of the 39 examined SCC cases.

EMMPRIN Fascin
Mean + SD Mean = SD
Clinicopathological characteristics Median (min-max) P-value Median (min-max) P-value
Age (years)
<50 5.66+4.02 0.151 7.40+3.83 0.300
6 (0-12) 8 (2-12)
>50 7.79+4.20 8.95+2.31
8 (0-12) 8.5 (4-12)
Gender
Male 7.08+4.21 0.670 8.06+3.12 0.477
8 (0-12) 8 (2-12)
Female 6.20+4.60 9.71£2.36
6 (0-12) 9 (6-12)
Schistosomiasis association
Negative 5.50+4.00 0.186 7.30+£3.33 0.182
5(0-12) 8 (2-12)
Positive 7.48+4.23 8.72+2.90
8 (0-12) 9(2-12)
Grade
I 4.64+4.25 0.002 7.28+3.04 0.339
5(0-12) 8 (2-12)
1I 7.05+3.59 9.00+2.80
8 (0-12) 9(2-12)
111 10.87+2.23 8.87+3.35
12 (6-12) 8.5 (2-12)
Pathological stage
Tl - 0.004 - 0.001
T2 3.50+4.18 4.33+1.96
2 (0-9) 5 (2-6)
T3 6.28+3.63 8.42+2.76
6 (0-12) 8 (2-12)
T4 9.91+3.52 10.25+1.86
12 (2-12) 10.5 (8-12)

Kruskal-Wallis and Mann-Whitney tests served as the test of significance. P<0.05, statistically significant. SCC; squamous cell carcinoma
EMMPRIN, expression of extracellular matrix metalloproteinase inducer; SD, standard deviation.

non-muscle invasive (pT'1) and muscle invasive (pT2-4) TCC
cases (P<0.001). No significant associations were detected
between fascin expression and other clinicopathological
characteristics.

EMMPRIN and fascin expression in SCC cases. Table 111
shows the immunohistochemical results of EMMPRIN and
fascin expression in correlation with various clinicopatho-
logical characteristics in SCC cases.

Regarding EMMPRIN expression, significant positive
associations between EMMPRIN overexpression and tumor
grade and pathological stage were identified (P=0.002
and 0.004, respectively). No significant associations were
observed regarding patient age, gender or schistosomal

status. Concerning fascin expression, statistical analysis
demonstrated a significant positive association between high
fascin immunostaining scores and tumor pathological stage
(P=0.001), whereas no significant associations were detected
with other clinicopathological characteristics.

Correlation between EMMPRIN and fascin in urinary
bladder carcinomas. The correlation between EMMPRIN
and fascin immunostaining scores is shown in Fig. 2. Overall,
a significant positive correlation was observed between fascin
and EMMPRIN expression in urinary bladder carcinomas
(Spearman's rho correlation coefficient (r) = 0.500, P<0.001). A
positive correlation was also detected in TCC and SCC cases
(r=0.535, P<0.001 and r=0.372, P=0.020, respectively)
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Table IV. EMMPRIN and fascin immunophenotypes in correlation with stage in urinary bladder carcinomas (P=<0.001).

Pathological stage

Immunophenotype Frequency (%) T1 n=18 (%) T2 n=38 (%) T3 n=46 (%) T4 n=23 (%)
Both negative 14 (11.2) 10 (55.6) 3(7.9) - 1(4.3)
EMMPRIN-positive/

fascin-negative 7 (5.6) 1(5.6) 4 (10.5) 2(4.3) -
EMMPRIN-negative/

fascin-positive 22 (17.6) 4(22.2) 10 (26.3) 7(15.2) 1(4.3)
Both positive 82 (65.6) 3(16.7) 21 (55.3) 37 (80.4) 21 (91.3)

Chi-square and Fischer's exact tests served as the test of significance. P<0.05, statistically significant. EMMPRIN, expression of extracellular

matrix metalloproteinase inducer.

r=0.50, P<0.001
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Figure 2. Significant positive correlation between EMMPRIN and fascin
expression in urinary bladder carcinoma. EMMPRIN, expression of extracel-
lular matrix metalloproteinase inducer.

Combined EMMPRIN and fascin immunophenotype and
their correlation with pathological stage. The frequency of
varying combined EMMPRIN and fascin immunoprofiles and
their correlation with pathological stage is shown in Table I'V.
A highly significant association was found between various
tumor immunoprofiles and pathological stage (P=<0.001). The
EMMPRIN-/fascin-positive immunophenotype was closely
associated with T3 and T4 tumors, while a great proportion of
T1 tumors was negative for the two markers.

Discussion

During the past decade, certain changes have been reported
in the features of bladder cancer in Egypt. Higher incidence
rates of TCC compared to SCC cases, notable increases in the
patient mean age and a marked decrease in the incidence of
associated schistosomiasis were reported (2,3). In agreement
with those studies, the present study showed a markedly higher
frequency rate of TCC (68.8%) compared to SCC (31.2%)
cases and a relatively higher patient mean age. Evidence of
schistosomiasis was found only in 56.8% of the patients. The

present study also showed a significantly lower frequency of
associated schistosomiasis in TCC compared to SCC cases,
as well as a significantly lower patient age in SCC compared
to TCC cases, with a male to female predominance in the two
types of carcinoma, consistent with the findings of a previous
report (2). Notably, the SCC specimens included in this study
were classified as muscle-invasive tumors, indicating the more
aggressive nature of SCC.

Various molecular pathways that have been found to be
associated with bladder cancer are currently available. Recent
studies have already identified the pivotal role of EMMPRIN
(15-18) and fascin (19-21) proteins in urothelial carcinoma.

Regarding EMMPRIN expression, the present study
showed a positive EMMPRIN expression in 71.2% of bladder
carcinomas, while it was undetectable in normal urothelium.
This is in agreement with previous findings (15-18).

The association between EMMPRIN overexpression and
tumor progression has been documented. EMMPRIN overex-
pression induces tumor cell invasion and metastasis via MMPs
production (6), while its silencing suppressed the proliferation
ability of prostate carcinoma cell line LNCAP and bladder
carcinoma cell line J82, suggesting its involvement in tumor
cell proliferatin and growth (16). The present study has
demonstrated significant positive associations between high
EMMPRIN expression scores and advanced pT stage and a
high grade in TCC and SCC cases. In TCC, EMMPRIN was
found to be differentially expressed in muscle-invasive tumors
(pT2-4) compared to non-muscle invasive (pT'l) tumors with
a progressive increase in its expression from pT1 to pT4.
Moreover, high-grade carcinomas, compared to low-grade
tumors, showed significantly higher expression scores. In SCC
cases, the tumors were muscle invasive, however, EMMPRIN
expression was closely associated with tumor stage, with an
obvious increase from pT2 to pT4. Similarly, a strong asso-
ciation between its expression and SCC grade was identified,
where grade III carcinomas were associated with a signifi-
cantly increased expression compared to well-differentiated
tumors. These findings are in concordance with those of
previous studies in urothelial carcinomas (15,16,18) and SCC
in other tissues (8,10).

By contrast, in their study Afonso et al (17) found no
significant association of EMMPRIN with regard to clini-
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copathological parameters or patient outcome, which may
be attributable to different case population, different scoring
system and cut-off points used by various studies. However,
Afonso et al (17) found that EMMPRIN expression added a
predictive power of outcome to pathological stage: patients
with pT3/pT4 tumors had a median overall survival time of
14.7 months, which was significantly reduced to 9.2 months if
the tumors were EMMPRIN-positive.

Regarding fascin expression, 83.2% of the bladder carci-
nomas exhibited positive immunoreactivity, while no notable
expression was observed in normal urothelium adjacent to
carcinoma. Similarly, fascin expression was either low or
absent in normal epithelia, while it was upregulated at mRNA
and protein levels in several types of cancers including urothe-
lial carcinoma of the bladder (19,20).

Invasive and metastatic potential of tumor cells is often
associated with actin cytoskeleton rearrangements involving
several types of actin cross-linking proteins, of which
fascin is the key component. Fascin overexpression is also
suggested to disrupt epithelial junctions and thus to increase
the invasive and metastatic potential of malignant cells (25).
In the present study, overexpression of the fascin protein was
significantly correlated with advanced tumor stage in the TCC
and SCC cases. A highly significant difference was found in
fascin expression between non-muscle invasive tumors and
muscle-invasive TCC cases. Additionally, muscle-invasive
tumors (pI2-4) showed a stepwise increase in fascin expression
scores in the two tumor types. Previous studies also reported
a significant association between high fascin expression and
advanced tumor pathological stage with a progressive increase
of its expression from superficial to deeply invasive urothelial
carcinomas of the urinary bladder (19,26).

No significant associations were observed with regard to
tumor grade or other clinicopathological parameters. This
lack of significant association between fascin expression and
tumor grade noted in the present study confirmed the findings
of previous studies (19,20,26).

The present study shows no significant association
between the presence of schistosomiasis and overexpression
of EMMPRIN and fascin. No significant differences regarding
EMMPRIN and fascin expression between schistosomiasis-
associated and non-schistosomiasis-associated tumors was
observed, suggesting that schistosomiasis may not be impor-
tant in the upregulation of the two proteins in bladder cancer.

Various subtypes of bladder carcinomas represent different
molecular alterations and biological behaviors (27). Notably,
significantly higher EMMPRIN expression scores were found
in SCC compared to TCC cases. Additionally, there was a
tendency for higher fascin expression scores in SCC compared
to TCC cases, a finding that may be attributable to the more
aggressive and muscle-invasive nature of SCC of the bladder
(27,28). The differential expression of these markers in SCC
and TCC also suggest an association between tumor behavior
and their immunoreactivity.

In the literature, a positive correlation between EMMPRIN
and fascin in renal (29) and colorectal (30) carcinomas was
reported. However, the correlation between EMMPRIN and
fascin proteins in bladder carcinoma has not been previously
investigated. The present study showed a significant positive
correlation between EMMPRIN and fascin expression in
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urinary bladder carcinomas. This finding, together with the
findings of previous studies suggest a correlation between the
two proteins that may induce a synergistic effect during tumor
progression and invasion.

The main roles of EMMPRIN and fascin in tumor
progression depend on MMPs and fascin-actin interactions,
which cause tumor cell protrusion, invasion and migration
(6,11,22). Therefore, EMMPRIN and fascin were expected to
be significantly correlated with T stages. In this context, we
have characterized the joint expression of EMMPRIN with
fascin to identify various immunoprofiles of EMMPRIN with
fascin expression and their implication on pathological stage.
Notably, the majority of T3 and T4 tumors showed combined
positive expression for the two markers. By contrast, a substan-
tial proportion of T1 tumors were negative for the two markers.
Our finding suggests that the co-localization of EMMPRIN
with fascin in bladder cancer emphasizes the possible coopera-
tive involvement of these markers in cancer invasion.

In conclusion, the present study demonstrated that
EMMPRIN and fascin are highly expressed in bladder carci-
nomas, whereas neither EMMPRIN nor fascin was detectable
in the normal adjacent epithelia. High expression scores were
correlated with bladder cancer progression and aggressive
phenotype. The present study also found no statistically signif-
icant differences regarding EMMPRIN and fascin expression
in schistosomiasis-associated and non-associated bladder
carcinomas. A statistically significant positive correlation
between EMMPRIN and fascin expression was observed in this
series. Combined positive expression of the two markers was
strongly associated with advanced stage, suggesting a correla-
tion between the two proteins that may induce a synergistic
effect during tumor progression and invasion. The correlation
between EMMPRIN with fascin should be clarified on a wider
scale of tumors. Overexpression of EMMPRIN with fascin are
potentially significant biomarkers of urinary bladder cancer
aggressiveness that may help surgeons to identify patients who
are likely to benefit from a personalized therapeutic regimen
and more aggressive treatment strategies.
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