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well as WHO high-grade urothelial carcinomas showed a sta-
tistically significant and stepwise downregulation of RECK
(p  !  0.001) and concomitant upregulation of EMMPRIN (p  !  
0.001) compared to non-invasive and WHO low-grade tu-
mors. No correlation was observed for the MMPs investigat-
ed.  Conclusion:  Decreased RECK and increased EMMPRIN 
expression are associated with increasing stage and grade. 
Both proteins may serve as molecular marker for the distinc-
tion between potentially invasive ( 6 pT1) and non-invasive 
tumors ( ̂  pTa). 
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 Abstract 

  Objective:  Urothelial bladder carcinomas show a divergent 
biological behavior, which significantly complicates risk 
stratification and clinical management. The MMP repressor 
RECK and the MMP activator EMMPRIN regulate the invasive 
potential by metalloproteinase-induced stromal degrada-
tion. Data on RECK in urothelial bladder cancer are lacking 
and information on EMMPRIN is sparse. This study aims to 
investigate the expression of RECK and EMMPRIN in urothe-
lial carcinoma of the bladder and to correlate these findings 
with clinicopathological parameters.  Methods:  Our study in-
cluded 127 specimens of urothelial carcinomas derived from 
103 patients who underwent either TUR-B or cystectomy. 
Immunohistochemical expression analysis was performed 
for RECK, EMMPRIN, MMP-2, MMP-9 and MMP-14. Expression 
levels were graded for staining intensity and correlated with 
pT stage and WHO tumor grade.  Results:  Invasive ( 6 pT1) as 
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CIS carcinoma in situ
EGFR epidermal growth factor receptor
EMMPRIN extracellular matrix metalloproteinase inducer
HE hematoxylin and eosin
HER human epidermal growth factor receptor
HER2/neu human epidermal growth factor receptor 2
ISUP International Society of Urological Pathology
MAPK mitogen-activated protein kinase
MMP matrix metalloproteinase
RECK reversion-inducing cysteine-rich protein with

Kazal motifs
TUR-B transurethral resection of the bladder
WHO World Health Organization
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 Introduction 

 Urinary bladder cancer is the fourth most frequent 
malignancy in men after prostate, colorectal and lung 
cancer. In 2009, it was diagnosed over 71,000 times in the 
United States with approximately 14,000 deaths per year 
 [1] . In Western countries, 90% of the carcinomas of the 
urinary bladder derive from the urothelial lining. A key 
problem in the therapeutic management of bladder tu-
mors is the variable and hardly predictable clinical dis-
ease progression.

  Papillary urothelial neoplasms of low malignant po-
tential or well-differentiated papillary urothelial carcino-
mas that do not penetrate the basement membrane (pTa, 
low-grade) are rarely associated with the patient’s death; 
however, disease recurrence is common and 10–15% de-
velop into invasive disease  [2] . By contrast, invasive uro-
thelial carcinomas ( 6 pT1) and carcinomas with histo-
logical high-grade features are potentially life-threaten-
ing and harbor a high risk of progression to muscle 
invasion and pT2 tumors with only 50% survival at 5 
years  [3] . At present, determining tumor prognosis relies 
on prior recurrence rate, number of tumors, tumor size, 
presence of CIS, tumor stage and tumor grade  [4, 5] . 
However, the latter two are in some cases difficult to as-
sess by the pathologist due to incomplete sampling, small 
specimen sizes, cauterization artifacts, and other reasons. 
In an attempt to refine the applied diagnostic criteria, the 
old WHO/ISUP pathological grading system was re-
placed by a novel and simpler consensus classification in 
2004. Aiming to better reflect the prognosis of urothelial 
carcinomas, the novel grading system discriminates only 
between low- and high-grade urothelial carcinomas  [6] .

  However, despite these recent advancements, reliable 
prognostic information regarding the invasiveness and 
metastatic potential of a certain tumor is still limited  [7] . 
Hence, new molecular markers that provide additional 
information on the biological potential of these tumors 
may allow a more precise and objective assessment and 
may also help to identify drugable targets especially for 
high-grade urothelial carcinomas. Numerous promising 
novel biomarkers have been investigated during the last 
couple of years  [8] , but only very few markers have been 
validated in prospective trials  [9] . Until now, only im-
munohistochemical staining of p53 found its way into 
pathological routine diagnostics for selected cases  [10, 
11] . Since high-grade and invasive tumors ( 6 pT1) in par-
ticular are characterized by their invasive potential and 
ability to metastasize, this study focuses on two key play-
ers that are well known to orchestrate tissue invasion by 

tissue degrading MMPs: the MMP inhibitor RECK and 
the activating counterpart EMMPRIN (also known as 
CD147).

  The membrane-anchored glycoprotein RECK is 
known as an inhibitor of MMP-2, MMP-9 and MMP-14, 
and is ubiquitously expressed throughout normal human 
tissue  [12, 13] . While tumor cells were reported to down-
regulate RECK, thereby enhancing their invasive poten-
tial  [14] , forced expression of RECK in cancer cells con-
versely resulted in reduced angiogenesis, invasion and 
metastasis in animal xenografts  [14, 15] . The MMP acti-
vator EMMPRIN is a transmembraneous and pleiotropic 
glycoprotein that is particularly critical for mammalian 
reproduction, neuronal and lymphatic development and 
maintenance as well as for tissue repair and remodeling 
in general  [16] . Although EMMPRIN expression is not 
exclusively restricted to tumor cells, there is ample evi-
dence that EMMPRIN is an important promoter of tu-
mor cell invasion  [16, 17] .

  Although several studies demonstrated both proteins 
to be implicated in the development and progression of 
numerous cancer entities  [12, 18, 19] , the data available 
on urological tumors, especially on urothelial carcino-
mas of the bladder, are limited. Therefore, this study aims 
to investigate the expression profile of RECK, EMMPRIN 
and RECK’s targets MMP-2, MMP-9 and MMP-14 in 127 
urothelial carcinomas of the bladder, particularly with 
respect to stage and grade of the tumor. To our knowl-
edge, this is the first study demonstrating RECK in the 
urinary bladder and urothelial carcinoma.

  Material and Methods 

 Tissues and Patients 
 A total of 127 urothelial carcinomas of the bladder from 103 

patients who were diagnosed at the Institute of Pathology at 
Charité University Hospital (Berlin, Germany) between 2006 and 
2009 were included in this study with permission of the local eth-
ics committee ( table 1 ). The patients were treated by TUR-B (110 
cases) or cystectomy (17 cases) and did not receive chemotherapy 
or radiation prior to the surgery. CIS was present in 9 cases. Twen-
ty-four of the 127 carcinomas were relapses occurring in 20 of the 
103 patients. Initial diagnoses were existent for all 103 patients. 
Tumor numbers were known for 41 carcinoma samples, 24 of 
them were singular and 17 were multifocal carcinomas. Tumor 
size in diameter was known for 14 cystectomies and 1 TUR-B 
sample, 2 of them were  ! 3 cm, the remaining 13 were larger. Tis-
sue samples were fixed in 4% buffered formaldehyde, embedded 
in paraffin and histological diagnoses were established on stan-
dard HE-stained sections. Tumor stage and grade were deter-
mined according to the WHO classification from 2004  [6] .
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  Immunohistochemistry 
 From every formalin-fixed paraffin-embedded tissue, serial 

histological sections were taken. The first set of sections was rou-
tinely HE stained. Immunostaining was performed on the follow-
ing sections, as described previously  [20] . In brief, tissue sections 
of 2–3  � m were incubated with the primary antibody against 
RECK (rabbit monoclonal antibody, Cat. No. 3433 [clone D8C7]; 
Cell Signaling Technology Inc., Boston, Mass., USA, for 1 h at 
room temperature, 1:   50)  [21] , EMMPRIN (rabbit polyclonal anti-
body, Cat. No. 34-5600; Invitrogen, Karlsruhe, Germany, for 1 h 
at room temperature, 1:   250)  [22] , MMP-2 (mouse monoclonal an-
tibody, Cat. No. MAB13431 [clone A-Gel VC2]; Chemicon Inter-
national Inc./Millipore, Temecula, Calif., USA, over night at 4   °   C, 
1:   25), MMP-9 (rabbit polyclonal antibody, Cat. No. RB-9234-P1; 
Lab Vision Corp., Fremont, Calif., USA, 1 h at room temperature, 
1:   100), and MMP-14 (rabbit monoclonal antibody, Cat. No. 
ab51074 [clone EP1264Y]; Abcam, Cambridge, Mass., USA, for
1 h at room temperature, 1:   100). Slides were subsequently incu-
bated with a biotinylated anti-mouse/anti-rabbit secondary anti-
body mix using a multilink biotin-streptavidin-amplified detec-
tion system (LSAB2 System-AP; Dako, Hamburg, Germany). 
Staining was visualized using fast-red chromogen (Sigma-Al-
drich, Munich, Germany).

  Dilution series were done on representative sections in order 
to determine the optimal concentration of the primary antibod-

ies. Positive and negative controls guaranteed persistent quality 
of the staining procedure. Negative controls were performed with 
missing primary antibody. Specificity of the primary antibodies 
was checked by Western blot analyses (see below).

  Immunostainings were examined independently by two pa-
thologists (D.W. and A.S.) blinded for all clinical and pathological 
data. Ambiguous cases were discussed at a multi-headed micro-
scope until consensus was achieved. Staining intensities of RECK, 
EMMPRIN, MMP-2, MMP-9 and MMP-14 were quantified in the 
area of the tumor’s invasion front and classified on a scale from 0 
to 3. For statistical analyses and graphic design, staining intensi-
ties of 0 and 1 were categorized as weak, those of 2 and 3 as strong 
staining intensity.

  Western Blot 
 HCV-29 cells derived from normal human urothelium were 

kindly provided by R. Knüchel-Clarke, Regensburg, Germany. 
The human bladder carcinoma cell lines RT-4 and RT-112 were 
obtained from the ‘Deutsche Sammlung von Mikroorganismen 
und Zellkulturen’ (DSMZ), the human bladder carcinoma cell 
line J82 was purchased from the American Type Culture Collec-
tion (ATCC). Cells were lysed in a buffer of 50 m M  Tris (hydroxy-
methyl-)aminomethane, 1% (w/v) sodium dodecyl sulfate, 1 m M  
ethylene diaminetetraacetic acid, 1 m M  phenylmethylsulfonyl 
fluoride, 100  � g/ml soybean trypsin inhibitor, 10  � g/ml apro-
tinin, pH 6.8, and sonicated. After centrifugation, 20  � g protein 
of the supernatant each were separated on a 7.5% (RECK) or 10% 
(EMMPRIN) sodium dodecylsulfate polyacrylamide gel and 
transferred onto a polyvinylidene difluoride membrane (Milli-
pore Corp., Bedford, Mass., USA). After blocking with a solution 
of 2% ECL Advance Blocking Agent (GE Healthcare, Munich, 
Germany) in Tris-buffered saline/0.1% Tween-20, the membrane 
was incubated with the RECK antibody (1:   1,000) or the EMMPRIN 
antibody (1:   5,000) for 1 h in this solution (antibody data: see 
above). Horseradish peroxidase-conjugated goat anti-rabbit im-
munoglobulin G (1:   2,000; Dako, Hamburg, Germany) served as 
secondary antibody. Bands were detected by enhanced chemilu-
minescence (ECL Advance Western Blotting Detection Kit, GE 
Healthcare) in a Fluor-S MultiImager (Bio-Rad Laboratories, 
Hercules, Calif., USA).

  Statistical Analyses 
 Statistical calculations were performed with SPSS version 18.0 

(SPSS, Chicago, Ill., USA) and GraphPad Prism version 5.00 
(GraphPad Software, La Jolla, Calif., USA). Spearman’s bivariate 
correlation, Fisher’s exact test and  �  2  test according to Pearson 
were used for determining statistical significance. p values  ! 0.05 
were considered significant, all p values were two-sided.

  Results 

 Immunostaining and Localization of RECK, 
EMMPRIN, MMP-2, MMP-9 and MMP-14 
 Blinded for all clinical and pathological data, 127 tu-

mor samples of 103 patients were investigated for the ex-
pression of RECK, EMMPRIN, MMP-2, MMP-9 and 
MMP-14. The staining intensities of each protein expres-

Table 1.  Clinical and histopathological data of 103 patients with 
127 urothelial carcinomas undergoing TUR-B and/or cystectomy

n (%)

Patient characteristics (n = 103)
Age, years1

≤50 6 (6)
51–60 13 (13)
61–70 32 (31)

≥71 52 (50)
Sex

Male 75 (73)
Female 28 (27)

Tumor characteristics (n = 127)
pT classification

pTa 63 (50)
pT1 35 (27)
pT2 15 (12)
pT3 8 (6)
pT4 6 (5)

WHO grade
Low 53 (42)
High 74 (58)

Operative method
TUR-B 110
Cystectomy 17

1  Median age 71 years, range 34–90 years.
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sion were subdivided into four different classes ranging 
from 0 to 3 as described above. Clinicopathological pa-
rameters of the patients and tumors are shown in  table 1 .

  RECK was detected in 104 of 127 tumors (82%). RECK 
expression was observed predominantly as a perinuclear 
granular cytoplasmatic staining with maximal staining 
intensity localized at the invasion frontline of the tumor 
( fig.  1 a–d) as well as in adjacent normal urothelium. 
Rarely, immunostaining of nuclei and/or nucleoli oc-
curred. Some stromal cells revealed a weak expression.

  EMMPRIN was detected in 96 of 127 tumors (76%). 
EMMPRIN expression was found to be localized at the 
plasma membrane and attenuated within the cytoplasm 
( fig. 1 e–h). Rarely, immunostaining of nuclei and/or nu-
cleoli occurred. Stromal cells as well as some leukocytes 
partly also revealed weak expression. Both antibodies, 

anti-RECK and anti-EMMPRIN, were highly specific as 
demonstrated by Western blot ( fig. 2 ).

  Immunodetection of MMP-2, MMP-9 and MMP-14 
showed a granular cytoplasmatic staining pattern (data 
not shown). Peripheral stromal cells were observed to 
have weak expression as well.

  Immunohistochemical Expression of RECK Correlates 
with Tumor Stage and Grade 
 The data obtained from the assessment of the staining 

intensity of RECK expression were analyzed with regard 
to pT tumor stage. RECK expression was significantly re-
lated to the decreasing invasiveness of the tumor. Non-
invasive urothelial carcinomas (pTa) were associated with 
stronger RECK expression, whereas invasive tumors 
( 6 pT1) showed a stepwise decrease in RECK levels 

100 µm 100 µm 100 µm

100 µm 100 µm 100 µm

100 µm 100 µm

a b c

d e f

g hg h

  Fig. 1.  Staining intensities of RECK ( a–d ) 
and EMMPRIN ( e–h ) scored from 0 to 3. 
While RECK expression of urothelial car-
cinoma cells was observed as a perinu-
clear granular cytoplasmatic staining, 
EMMPRIN was predominantly localized 
at the plasma membrane. 
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( fig. 3 a; Fisher’s exact test p  !  0.001). Additionally, analy-
sis of the difference of RECK expression between clini-
cally so-called ‘superficial’ ( ̂  pT1) and ‘muscle-invasive’ 
( 6 pT2) urothelial carcinomas was found to be statisti-
cally significant ( fig. 3 b; Fisher’s exact test p  !  0.001). Fur-
thermore, comparison of RECK expression with the 
WHO tumor grade also revealed an association of statis-
tical significance ( fig. 4 a; Fisher’s exact test p = 0.006). 
While high-grade urothelial carcinomas were rather as-
sociated with decreased RECK expression, low-grade tu-
mors increasingly expressed RECK. We created a more 
detailed classification modeled after Sylvester  [5] , which 
took into account subgroups of lower pT stages including 

WHO grade and CIS to better estimate the risk of pro-
gression to muscle-invasive disease for these cases. This 
‘extended classification’ was grouped in (a) pTa low grade, 
(b) pTa high grade, (c) pT1 low grade, (d) pT1 high grade, 
(e) pTa/1 with CIS, (f) pT2, (g) pT3, (h) pT4. RECK expres-
sion in the 127 carcinomas was negatively correlated to 
this classification (Spearman’s rank correlation coeffi-
cient r s  –0.292, p = 0.001).

  Immunohistochemical Expression of EMMPRIN 
Correlates with Tumor Stage and Grade 
 As well as in the analyses of RECK expression, the in-

tensity scores of the EMMPRIN expression were corre-
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  Fig. 2.  Specificity of RECK and EMMPRIN 
antibodies in Western blots. Proteins of 
the four human bladder cell lines HCV-29 
(lane 1), RT-4 (lane 2), RT-112 (lane 3) and 
J82 (lane 4) were separated by SDS-PAGE. 
 a  The Western blot shows a 125-kDa band 
corresponding to glycosylated RECK in 
HCV-29, RT-112 (weak) and in J82 cells. 
The 45-kDa band is supposed to be a de-
graded form that also occurs with anoth-
er RECK antibody (data not shown).
 b  EMMPRIN staining in HCV-29, RT-4 
(weak), and in J82 cells represents highly 
(about 45–65 kDa) and less glycosylated 
(30 kDa) forms as described previously. 
Both antibodies seem to be highly specific 
in Western blots. Protein standard is given 
in kDa. 
  Fig. 3.   a–d  Percentage of RECK and 
EMMPRIN expression at the invasive 
front of 127 urothelial carcinomas of the 
bladder shown for different pT stages. 
Staining scores of 0 and 1 are pooled in 
weak staining intensity and staining scores 
of 2 and 3 are pooled in strong staining in-
tensity of the respective antigen. The per-
centage of weak RECK expression ( a ) and 
the percentage of strong EMMPRIN ex-
pression ( c ) significantly increase in pT1–
pT4 stages compared to pTa carcinomas. 
Analysis of pTa/pT1 vs. pT2–pT4 reveals a 
significant increase in weak RECK expres-
sion ( b ) and strong EMMPRIN expression 
( d ) as well. 
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lated with pT tumor stage. In contrast to the RECK data, 
EMMRPIN expression was found to be significantly as-
sociated with increasing invasiveness of the tumor. Non-
invasive urothelial carcinomas (pTa) were strongly relat-
ed to weak EMMPRIN expression compared to invasive 
tumors ( 6 pT1) ( fig. 3 c; Fisher’s exact test p  !  0.001). Fur-
thermore, the EMMPRIN expression also differed be-
tween clinically so-called ‘superficial’ ( ̂  pT1) and ‘mus-
cle-invasive’ ( 6 pT2) urothelial carcinomas with high sta-
tistical significance ( fig. 3 d; Fisher’s exact test p  !  0.001). 
As well as RECK, EMMPRIN expression was also sig-
nificantly related to the WHO tumor grade but exactly in 
a converse modality ( fig. 4 b; Fisher’s exact test p  !  0.001). 
High-grade tumors were associated with increased 
EMMPRIN expression, whereas low-grade tumors were 
not. Additionally, EMMPRIN expression in all 127 carci-
nomas was positively correlated to our ‘extended classifi-
cation’ as defined above (Spearman’s rank correlation co-
efficient r s  0.516, p  !  0.001).

  Immunohistochemical Expression of MMP-2,
MMP-9 and MMP-14 Does Not Correlate with Tumor 
Stage and Grade 
 The data obtained from the assessment of the staining 

intensity of MMP-2, MMP-9 and MMP-14 were also ana-

lyzed with regard to pT tumor stage, WHO grade and our 
‘extended classification’. However, in contrast to RECK 
and EMMPRIN, the MMPs did not reveal any statisti-
cally significant association to any of the parameters 
(data not shown).

  Calculation of ‘Proteolytic Balance’ 
 MMPs are proteolytic enzymes involved in the remod-

eling of almost all protein components. We aimed to de-
termine the proteolytic balance using EMMPRIN as a 
surrogate marker for MMP activity and RECK as its coun-
terpart. Considering EMMPRIN as promoter of proteoly-
sis and RECK as a negative factor for proteolysis, we cal-
culated a sum score of the staining scores for EMMPRIN 
(positive score) and RECK (negative score) for each case. 
In the following, the respective difference was called 
‘EMMPRIN/RECK balance’. The EMMPRIN/RECK bal-
ance obtained for pTa and pT1–pT4 tumors ( fig. 5 a;  �  2  test 
according to Pearson p  !  0.001) as well as for summarized 
pTa/pT1 and pT2–pT4 tumors ( fig. 5 b;  �  2  test according to 
Pearson p  !  0.001) revealed a statistically significant in-
crease in proteolytic balance for higher pT stages. A shift 
to positive EMMPRIN/RECK balance was also observed 
from WHO low-grade to WHO high-grade carcinomas 
( �  2  test according to Pearson p  !  0.001, data not shown). 
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  Fig. 4.  Percentage of RECK and EMMPRIN 
expression at the invasive front of 127 uro-
thelial carcinomas of the bladder shown 
for each WHO grade. Staining scores of 0 
and 1 are pooled in weak staining intensity 
and staining scores of 2 and 3 are pooled 
in strong staining intensity of the antigen. 
The percentage of weak RECK expression 
( a ) and the percentage of strong EMMPRIN 
expression ( b ) significantly increase in 
high-grade carcinomas compared to low-
grade carcinomas.       
  Fig. 5.  EMMPRIN/RECK balance in the 
invasive front of urothelial bladder carci-
noma, dependent on pT stage. The per-
centage of scores is shown for negative 
EMMPRIN/RECK balance (–), for equa-
tion (0), and for positive EMMPRIN/
RECK balance (+).  a  In comparison to pTa 
stages, positive EMMPRIN/RECK bal-
ance significantly increases in pT1–pT4 
stage carcinomas.  b  An increase is shown 
as well dividing into stages of pTa/pT1 vs. 
pT2-pT4.       

  4  

  5  



 RECK and EMMPRIN Expression in 
Urothelial Carcinoma of the Bladder 

 Pathobiology 2011;78:123–131 129

EMMPRIN/RECK balance in all 127 carcinomas was pos-
itively correlated to our ‘extended classification’ (Spear-
man’s rank correlation coefficient r s  0.546, p  !  0.001).

  Discussion 

 Urothelial carcinomas of the bladder show a rather di-
vergent biological behavior leading to challenging prob-
lems regarding the clinical management of these tumors. 
Although much progress has been made in the under-
standing of the molecular alterations in bladder cancer in 
recent years, we certainly do not know all relevant factors 
that drive urothelial tumors into a life-threatening dis-
ease. Novel molecular markers are warranted to aid clin-
ical risk stratification and therapy regimens.

  Our study of 127 urothelial carcinomas reveals de-
creased RECK and increased EMMPRIN expression to 
be associated with increasing tumor aggressiveness. No 
significant correlation could be established regarding the 
MMPs investigated. The expression profile was assessed 
by means of immunohistochemistry, an easily accessible 
method that guarantees feasible validation of our results 
in a prospective setting. As competing peptides were not 
available for the RECK and EMMPRIN antibodies used, 
antibody specificities were validated by Western blotting. 
Very low background in the range of about 25–200 kDa 
implied high specificities for immunohistochemistry. To 
our best knowledge and in good accordance with the data 
on other tumor entities, this is the first study that dem-
onstrates an inverse correlation of RECK expression and 
tumor aggressiveness in bladder cancer.

  Although RECK is described to be membrane-an-
chored, immunostaining was predominantly found as 
perinuclear granular cytoplasmatic staining. RECK 
staining in the cytoplasm was already found in tissue of 
non-small cell lung cancer  [23]  and of esophageal squa-
mous cell carcinoma  [24] . In normal and neoplastic 
odontogenic and prostatic tissues, cytoplasmatic staining 
was found together with membrane staining  [25, 26] . 
RECK was also detected in secretory granules of a sub-
class of macrophages  [27] , and it gave relatively abundant 
signals around the perinuclear region in mouse embryo 
fibroblast-derived NIH3T3 cells  [28] . We assume that 
RECK granular/perinuclear staining indicates a vesicle-
localized type of RECK which could be a precursor of the 
mature membrane-bound RECK or whose cellular func-
tion is hitherto unknown.

  With respect to clinical risk stratification, RECK and 
EMMPRIN expression were correlated with pT tumor 

stage in order to study their relevance for diagnostic bor-
derline cases with variable and hardly predictable clinical 
disease progression. In our study, EMMPRIN and RECK 
were found to be differentially expressed in non-invasive 
(pTa) compared to invasive tumors ( 6 pT1) as well as be-
tween clinically called ‘superficial’ ( ̂  pT1) and ‘muscle-
invasive’ ( 6 pT2) tumors. Urologists rely on this distinc-
tion to determine the appropriate therapy regimen (TUR-
B, cystectomy, chemotherapy). Our data demonstrate a 
2.75-fold increase in EMMPRIN expression and a con-
comitant 10.8-fold decrease in RECK expression for mus-
cle-invasive compared to non-muscle-invasive urothelial 
bladder cancer. Moreover, compared to low-grade tu-
mors, high-grade carcinomas showed an increase by 
150% in strong EMMPRIN expression and concomitant 
reduction of the RECK expression level by more than 
50%. Hence, a combined pathological approach that de-
termines both tumor stage and grade as well as the level 
of RECK and EMMPRIN expression may help to guide 
and optimize clinical management in difficult settings 
(i.e. in pT1 G3 tumors).

  Our ‘extended classification’ of tumor stages including 
WHO grades and the presence of CIS, modeled after Syl-
vester  [5] , should estimate the potential of RECK and 
EMMPRIN to serve as progression markers. This means 
‘progression to muscle-invasive disease’ for lower tumor 
stages and ‘disease progression defined by tumor stage 
only’ for stages pT2 and higher. Decreased RECK expres-
sion and increased EMMPRIN expression correlated with 
an increasing likelihood of progression. Our data are in 
line with the observations of several other groups in other 
tumor types. In this context, recent studies imply a pre-
dictive role of RECK in the clinical outcome of several
other cancers, including colorectal, lung, breast, liver, pan-
creas and also prostate. These studies revealed a correla-
tion of high RECK expression with a prolonged recur-
rence-free survival time  [12, 13, 23, 29–32] . With respect 
to prostate cancer, our group recently proved decreased 
RECK expression to be associated with higher tumor
aggressiveness and as independent prognostic factor for 
increased risk of PSA recurrence  [26] . Our data regarding 
EMMPRIN are consistent with the results of Als et al.  [33]  
who investigated a cohort of 124 patients with advanced 
bladder cancer having received a cisplatin-based therapy 
regimen. Patients with EMMPRIN-negative bladder can-
cer were found to have a 5-year survival rate of 22.5%, 
whereas the cohort with EMMPRIN-positive cancer had 
a significantly poorer survival at 5 years (14.6%). A small-
er cohort of 58 patients also showed significant correlation 
of high EMMPRIN expression with poor outcome  [17] .
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