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Abstract
Bladder cancer when superficial has a good prognosis but it has a high recurrence risk and about
10–15% of the superficial carcinomas will progress into muscle invasive or metastatic type. The
most powerful factor for predicting the behavior of bladder carcinoma is the stage of the tumor.
Invasion to the lamina propria increases the risk of recurrence and progress to muscle-invasive
tumor. Also grade of the tumor and tumor multiplicity associates with high risk for recurrence.
New markers are still needed to find those patients who need more and better treatments to avoid
the recurrence and progress. The need for new non-invasive markers to diminish the need for
frequent cystoscopy in follow-up is also obvious.

Gelatinases MMP-2 and MMP-9 are known to associate to tumor invasion and progression.
Also their tissue inhibitors TIMP-1 and TIMP-2 take part in these diversified processes and
metastasis formation. In the present work the expression and clinical value of gelatinases MMP-2
and MMP-9 and their tissue inhibitors TIMP-1 and TIMP-2 were evaluated in bladder carcinoma.
Primary tissue samples of 121 patients were analyzed for expression of MMP-2 and/or MMP-9
using immunohistochemistry. The serum samples of 87 patients who were treated in the Oncology
Department of Oulu University Hospital were collected and studied with ELISA. The control
group consisted of 44 healthy volunteers.

Overexperssion of MMP-2 protein correlated significantly to disease-specific survival and
showed an independent prognostic value as a biomarker. High MMP-9 expression instead
correlated to favorable overall survival of bladder cancer patients. Circulating proMMP-2, TIMP-
2 and MMP-2:TIMP-2 complex levels were lower in cancer patients than in healthy volunteers in
control group. High levels of all these three markers correlated with better prognosis in bladder
cancer patients.

Keywords: bladder cancer, ELISA, invasion, prognostic marker, survival, MMP-2





 
 
 
 
 

"When life has gotten too serious we need to laugh, 
when we forget to laugh, life becomes too serious" 

To Anni and Pentti 
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1 Introduction 

Bladder cancer is a worldwide health problem, causing an estimated 375,000 
bladder cancer cases annually. It is more common in industrial countries than in 
developing countries, and 77% of the tumors occur in men. (Parkin et al. 2005) 
The incidence of bladder cancer has been rising gradually in recent years (Finnish 
Cancer Registry 2007). Bladder cancer is especially common in eastern and 
southern European countries as well as in Denmark, where smoking has been 
common. Chronic infection with Schistostoma hematobium explains partly the 
high prevalence of bladder cancer, particularly the squamous cell type, in Africa 
and the Middle East (Parkin et al. 2005). The majority, 90–95%, of the bladder 
carcinomas are urothelial carcinomas (transitional cell carcinomas, TCC). About 
75% of the bladder cancer cases are superficial, and most of them invade only the 
superficial mucosa and are usually well differentiated. Recurrence risk is at its 
highest during the first year after treatment, being over 80%. About 10–15% of 
the superficial bladder carcinomas will progress into muscle invasive or 
metastatic type. According to different studies, the 5-year overall survival rate for 
patients with muscle invasive disease after radical cystectomy is about 50%. 
(Stein et al. 2001; Cheng et al. 2000) 

There are many markers associating with the progression of bladder 
carcinoma, such as depth of invasion, stage, grade and multiplicity. Unfortunately 
they are inaccurate, which is why more clinical prognostic markers are needed. 

Matrix metalloproteinases are a family of endopeptidases that are capable of 
degrading most components of the extracellular matrix (ECM) (Steteler-
Stevenson et al. 1993; Nagase & Woessner 1999). Of them, gelatinase-A 
(MMP-2) and gelatinase-B (MMP-9) are able to degrade extracellular matrix 
protein, including type IV collagen. Gelatinases have been linked to cell invasion 
and the process of metastasis (Stetler-Stevenson 2001). Tissue inhibitors of matrix 
metalloproteinases (TIMPs) take part in the regulation of MMPs. TIMP-1 and 
TIMP-2 are known inhibitors of MMP-2 and MMP-9, but can also take part in the 
activation of MMPs. (Gomez et al. 1997) They are capable of acting as growth 
factors and take part in angiogenesis and apoptosis as regulators (Fassina et al. 
2000). 

The present study was designed to evaluate the expression and prognostic 
value of gelatinases and their tissue inhibitors in bladder cancer. These markers 
were studied in both tumor tissue and serum samples from bladder cancer 
patients. 
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2 Review of literature 

2.1 Bladder cancer 

Bladder cancer is the ninth most common cancer when combining both sexes. 
Among men it is the forth and among female the eight most common malignancy 
in the Western world. (Parkin et al. 2005) In Finland in the year 2006, there were 
864 bladder cancer cases (Cancer Registry in Finland1). The incidence rate was 
higher among males compared with the female population, 13 per 100,000 and 
1.3 per 100,000, respectively (Cancer Registry in Finland). The median age at 
diagnosis is 65 to 70 years in Western countries (Parkin et al. 2005). 

2.1.1 Epidemiology and risk factors 

Cigarette smoking is the most well-established risk factor for bladder cancer. 
Smokers seem to have a four times higher risk for developing bladder cancer than 
non-smokers (Table 1). Ex-smokers’ risk is about two times higher compared to 
non-smokers (Zeegers et al. 2004; Bjerregaard et al. 2006). 

Table 1. Smoking and bladder cancer (modified from Kirkali et al. 2005). 

Risk factors 

Cigarette smoking increases bladder cancer risk 2- to 4-fold 

30–50% of all bladder cancer is caused by cigarette smoking 

Latency period is approximately 20–30 years 

Quitting smoking → risk decreases immediately  

Unfiltered cigarettes increase the risk 35–40% vs. filtered cigarettes 

Pipe/cigar smoking → higher risk? (inhalation pattern) 

Snuff or chewing tobacco→ no elevated risk 

It is not known exactly how the bladder carcinogenesis works in smokers. Of the 
agents that are present in tobacco smoke the aromatic amines are primary 
carcinogens for bladder cancer (Marcus et al. 2000; Gurigliano et al. 1996). 
N-acetylation is mainly regulated by enzyme NAT2 and lack of two functional 
NAT2 alleles confers the slow acetylation phenotype (Ross et al. 1996). It has 
been shown that slow acetylators have an elevated cancer risk (Marcus et al. 
2000). 

                                                        
1http://www.cancerregistry.fi 
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Occupation seems to be the second most important risk for bladder cancer. It 
has been estimated that occupational exposure explains the etiology for 20% of 
all bladder cancer cases (Vineis et al. 1991). Individuals belonging to high-risk 
population are painters, metal, textile and electrical workers. A minor risk is 
observed among miners, transport operators, excavating-machine operators as 
well as concierges and janitors. (Kogevinas et al. 2003) 

There are different opinions concerning total fluid consumption and bladder 
cancer risk. It seems that total fluid intake is not associated with elevated bladder 
cancer risk (Zeegers et al. 2001). The relation between coffee drinking and the 
risk of bladder cancer has often been studied. There seems to be a weak 
correlation between coffee drinking and bladder cancer risk even after adjustment 
for age, sex and smoking (Negri et al. 2001). 

Cyclophosphamid, an alkylating agent used in the treatment of malignant 
neoplasms, and radiotherapy both increase the risk of bladder cancer (Brenner et 
al. 2006; Kaldor et al. 1995). 

2.1.2 Diagnosis and staging 

In about 80% of the cases, hematuria is the first sign of bladder cancer. Hematuria 
can be either gross or microscopic (Amling 2001). The cornerstone for diagnosis 
is cystoscopy. During cystoscopy, random biopsies or transurethral resection 
(TUR) are performed. TUR is diagnostic but also therapeutic. 

The majority, 90–95%, of bladder carcinomas are urothelial carcinomas. One 
third of urothelial carcinomas may contain squamous cell, spindle cell or 
adenocarcinomatous elements (Braud et al. 2002). Pure squamous cell carcinoma, 
adenocarcinoma and small-cell carcinoma are rare. About 75% of the bladder 
cancer cases are superficial and most of them invade only the superficial mucosa 
and are usually well differentiated. Recurrence risk is at its highest during the first 
year after treatment, being over 80%. About 10–15% of the superficial bladder 
carcinoma cases will progress into muscle invasive or metastatic type. (Braud et 
al. 2002) 

Staging of bladder cancer is done once the diagnosis is confirmed. Its role is 
important when determining the prognosis and optimal treatment. Staging is 
usually done according to the International Union Against Cancer (UICC) 
classification system (Hermanek et al. 2002) (Table 2). The staging is used in 
bladder carcinomas but not in papillomas. Physical examination, imaging and 
endoscopy are needed to assess the TNM (tumor – node – metastasis) categories. 
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The depth of the invasion determines the T category: a T4 tumor invades other 
organs such as the prostate, uterus, vagina or the abdominal wall. The staging of 
lymph-node involvement is determined by the number and size of the lymph 
nodes. Together, tumor size, nodal involvement and distant metastasis determine 
the stage (I, II, III or IV). The grading of bladder cancer is done according to the 
World Health Organization reference center (Mostofi 1973) (Table 3). 

Table 2. TNM classification of bladder tumors (modified from UICC TNM classification). 

TNM class Definition/invasion level 

Ta Non-invasive papillary 

Tis In situ “flat tumor” 

T1 Subepithelial connective tissue 

T2 Muscularis (tumor invades muscle) 

T2a Inner half (tumor invades superficial muscle) 

T2b Outer half (tumor invades deep muscle) 

T3 Beyond muscularis (tumor invades perivesical tissue) 

T3a Microscopically 

T3b Macroscopically (extravesical mass) 

T4 Tumor invades other organs 

T4a Prostate, uterus, vagina 

T4b Pelvic wall, abdominal wall 

N1 Single ≤ 2cm 

N2 Single > 2 to 5cm, multiple ≤ 5cm 

N3 > 5cm 

M0 No distant metastasis 

M1 Distant metastasis 

Table 3. 1973 World Health Organization (WHO) classification for grading of papillary 
urothelial neoplasm of the bladder (modified from Mostofi 1973). 

Grade Histologic features 

Grade 1 carcinoma Tumors with the least degree of cellular anaplasia compatible with diagnosis of 

malignancy 

Grade 2 carcinoma Histologic features between grades 1 and 2 

Grade 2 carcinoma Tumors with the most severe degrees of cellular anaplasia 

2.1.3 Prognostic factors 

The tumor stage is known to be the most powerful effector of the prognosis. The 
first ones that found the association between the depth of invasion and tumor 
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progression were Jewett and Strong in 1946. This fact has later been proven in 
many studies (Pagano et al. 1987; Ozen et al. 1986). Invasion to lamina propria 
increases the risk of recurrence and progress to muscle-invasive tumors (Kimeney 
et al. 1993). Higher tumor grade associates with an increased risk of recurrence 
and muscle invasion (Parmar et al. 1989; Kiemeney et al. 1993). Also tumor 
multiplicity associates with a higher risk for recurrence and shortens the time to 
the first recurrence (Fosså et al. 1985; Kimeney et al. 1993). 

Mutations of the p53 gene are common genetic defects in human cancers. In 
some studies, p53 mutation correlates strongly with higher grade and stage in 
urothelial carcinomas (Habuchi et al. 1992). Shortened survival has been seen in 
patients with altered p53 expression (Esrig et al. 1994). On the other hand, 
p53-changes are related to tumors with aggressive potential (Soini et al. 1993). In 
a meta-analysis that included 117 studies of p53 in bladder cancer it could be seen 
that changes in p53 are only weakly related to higher recurrence rate, progression 
and mortality in bladder cancer (Malats et al. 2005). 

Other tumor-suppressor molecules, such as pRB (retinoblastoma), also 
associate with poorer tumor-free survival rate (Logothesis et al. 1992). Several 
other proliferation and metastasis-associated molecules such as EGFR, 
e-cadherin, cyclin p21, Kip1 and apoptosis-related molecules have also shown 
potential prognostic value when recurrence rate, metastatic potential of bladder 
carcinoma and survival of bladder cancer patients have been studied (Habuchi et 
al. 2005). 

2.1.4 Treatment of bladder cancer 

Superficial bladder cancer 

The standard treatment of the superficial bladder cancer is transurethral resection 
(TUR). In TUR the endoluminal lesion and the underlying muscle forming the 
bladder wall is removed. The pathologist gives the depth of the invasion in order 
to determine the final treatment modality. Superficial bladder cancers usually 
have a low grade and the prognosis is good. The 5-year survival rate is expected 
to be as high as 95%, although the recurrence rate is more than 80% in the first 
year after diagnosis and about 10–15% of the diseases will progress into muscle-
invasive or metastatic disease (Cheng et al. 2000; Stein et al. 2001). The majority, 
90–95%, of the bladder carcinomas are urothelial carcinomas. One third of 
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urothelial carcinomas may contain squamous cell, spindle cell or 
adenocarcinomatous elements. Of the bladder cancer 5–6% is squamous cell 
carcinoma, adenocarcinoma and small-cell carcinoma are rare (Braud et al. 2002). 
It is shown that intravesical therapy can reduce the recurrence rate of superficial 
bladder cancer (Kaasinen et al. 2003; Lamm 2000). In some studies this treatment 
also seems to enhance the overall survival (Herr et al. 1995). The most powerful 
drugs used in therapy are Bacillus Calmette-Guérin (BCG), epirubicin and 
mitomycin C. Radical cystectomy is recommended for the high-risk patients with 
multifocal grade 3 tumors. Despite intravesical therapy, a radical cystectomy is 
also recommended with tumor recurrence. Cystectomy may be contraindicated 
due to patients’ high age or poor medical condition. In these cases radical 
radiotherapy may be considered as a treatment option. 

Muscle-infiltrative bladder cancer 

Radical cystectomy is the standard treatment for muscle-invasive bladder cancer 
(Herr et al. 2001). Surgery offers long-term survival for patients with muscle-
invasive bladder cancer. Tumor size and margin status, stage and lymph node 
status determine the prognosis (Cheng et al. 2000). Extended pelvic 
lymphadenectomy during radical cystectomy provides improved prognostic 
information and probably survival benefit for patients with advanced or lymph 
node positive bladder carcinoma (Leissner et al. 2000). 

After cystectomy the 5-year survival rate in muscle-invasive bladder cancer is 
about 50%, including all stages in different series. Both neo-adjuvant and 
adjuvant therapy have been studied in many trials. Randomized trials have shown 
a modest survival benefit with the use of cisplatin-based neo-adjuvant or adjuvant 
chemotherapy (Winquist et al. 2004; Sternberg et al. 2005). 

There are also some studies showing that chemoradioterapy with cisplatin-
based chemotherapy after transurethral surgery can be an alternative to 
cystectomy. In non-randomized phase I/II trials it seems that long-term survival is 
same in both groups. (Kaufman et al. 2000; Shipley et al. 2002)  

Metastatic bladder cancer 

Systemic chemotherapy is the only treatment that may result in long-term survival 
in some patients with metastatic bladder carcinoma. In the 1980s the combination 
of methotrexate, vinblastine, adriamycin and cisplatin (MVAC) was introduced, 
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and it was shown to increase the short-term survival rate of patients with 
advanced cancer, median survival being 13 months (Sternberg et al. 1985). Since 
then no chemotherapy combination has been found to be able to increase the 
survival. The combination of gemcitabine and cisplatin (GC) has proven to be 
effective and less toxic than MVAC (von der Maase et al. 2000). There is a need 
to develop new, better agents for the treatment of bladder carcinoma patients, 
especially for those renal function or overall health is not suitable for cisplatin-
based chemotherapy. Regimens like inhibitors of epidermal growth factors (EGF), 
inhibitors of vascular endothelial growth factors (VEGF), antifolate agents, 
vinflunine (a vinca alkaloid) and bortezomid, a specific inhibitor of the 20S 
proteosome, are under clinical trials. We will see in the future whether some of 
them are more effective and less toxic than MVAC or GC in metastatic bladder 
cancer, and whether there are patient groups among metastatic bladder cancer 
patients that could benefit from the use of these agents. 

2.2 Tumor invasion and metastasis 

The ability to invade to other tissues and spread to distant organs is characteristic 
for cancer cells. The extracellular matrix (ECM) is the first barrier that cancer 
cells must cross in order to metastasize. First they pass through the epithelial 
basement membrane; after that the cancer cells must invade into the surrounding 
stroma. Thereafter they enter blood vessels or lymphatics and extravasate to 
distant organs to make new proliferating tumors. (Kleiner & Stetler-Stevenson 
1999; Egeblad & Werb 2002) (Fig. 1) This process is composed of degradation of 
ECM and cell adhesion, but also angiogenesis in the early stages of tumor 
development (Liotta et al. 1980; Turpeenniemi-Hujanen et al. 1985; Tryggvasson 
et al. 1993). 
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Fig. 1. MMPs in tumor progression (modified from Nelson et al. 2000). 

MMPs are thought to facilitate invasion and metastasis by degradation of ECM 
components. MMPs also mediate the activation of growth factors, suppression of 
tumor cell apoptosis, and destruction of chemokine gradient development by host 
immune response or the release of angiogenic factors. (Egeblad & Werb 2002; 
Hojilla et al. 2003) MMPs can also target substrates and influence the apoptotic 
process, which is also important for tumor prognosis (Witty et al. 1995). 
Basement membrane undergoes constant remodeling, and MMPs have a central 
role in maintaining the integrity of the ECM by removing undesired proteins 
(Kleiner & Stetler-Stevenson 1999). Other groups that are significant in protein 
degradation are aspartate and cysteine-dependent proteinases as well as serine 
proteinases. Aspartate and cysteine-dependent proteinases are mainly involved in 
the intracellular proteolysis, and serine and matrix metalloproteinases in 
extracellular proteolysis. (Curran & Murray 1999) 
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2.3 Gelatinases and their natural tissue inhibitors 

2.3.1 The matrix metalloproteinase (MMP) gene family 

Matrix metalloproteinases constitute a family of 25 zinc-dependent proteolytic 
enzymes, which are capable of degrading the extracellular matrix (ECM). 24 of 
the MMPs have been found among vertebrates and 23 in humans (Visse & 
Nagase 2003). There are some major similarities in the structure of all members 
of the MMP family (Table 3). They all have an N-terminal signal sequence 
followed by a propeptide domain and a catalytic domain. The catalytic domain 
contains the zinc-binding motif. Most of the MMPs, with the exception of 
MMP-7, MMP-23 and MMP-26, have a hemopexin/vitronectin-like domain with 
a role in binding of TIMP. (Visse & Nagase 2003; Sternlicht & Werb 2001) (Fig. 
2) MMPs can be divided into six subgroups: collagenases, gelatinases, 
stromelysins, matrilysins, membrane-type MMPs (MT-MMPs) and non-classified 
MMPs such as MMP-12, which is essential for macrophage migration. (Visse & 
Nagase 2003) 
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Table 4. Matrix metalloproteinases and their substrates (modified from Nagase, Visse 
& Murphy 2006; Visse & Nagase 2003). 

Enzyme MMP Main substrates 

Collagenase-1 MMP-1 types I, II, III, IV, VII, VIII and X collagen, gelatin, entactin, perlecan, 

laminin, casein, proMMP-1, -2, -9 

Gelatinase-A MMP-2 gelatin, types I, III, IV, VII, X, and XI collagen, elastin, fibrinogen, 

laminin, aggregan, vitronectin, decorin, plasminogen 

Stromelysin-1, 

Transin-1  

MMP-3 aggregan, laminin, gelatin, fibronectin, types III, IV, V, IX, X, XI and 

XVIII collagen 

Matrilysin-1 MMP-7 fibronectin, laminin, gelatin, aggregan, types I, IV, IX, X, XI and XVIII 

collagen 

Collagenase-2 

Neutrophil 

collagenase 

MMP-8 types I, II, III, VI and X collagen, gelatin, entactin, aggregan, tenascin, 

proMMP-8 

Gelatinase-B MMP-9 gelatin, types I, IV, VII, X, XI and XVIII collagen, elastin, laminin, 

fibronectin, vitronectin, proMMP-2, -9 

Stomelysin-2, 

Transin-2 

MMP-10 types I, III and IV collagen, gelatin, elastin, proMMP-1,-8,-10 

Stromelysin-3 MMP-11 fibronectin, laminin, aggregan, gelatin 

Macrophage 

elastase, 

metalloelastase 

MMP-12 elastin, types I and IV collagen, fibronectin, laminin, proteoglycans, 

fibrinogen 

Collagenase-3 MMP-13 types I, II, III, VII, X and XVII collagen, gelatin, entactin, tenascin, 

aggregan 

MT1-MMP MMP-14 types I, II and III collagen, gelatin, laminin, aggregan, proMMP-2, -13 

MT2-MMP MMP-15 proteoglycans, proMMP-2 

MT3-MMP MMP-16 type III collagen, fibronectin, proMMP-2 

MT4-MMP MMP-17 gelatin, fibrinogen, proMMP-2 

Collagenase-4 

(Xenopus) 

MMP-18 types I, II and III collagen, gelatin 

Stomelysin-4 MMP-19 types I and IV collagen, gelatin, laminin, tenascin 

Enamelysin MMP-20 amelogenin, aggregan, laminin 

XMMP (Xenopus) MMP-21 gelatin 

CMMP (Chicken) MMP-22 gelatin, casein 

Ca-MMP  

(Cysteine array) 

MMP-23 gelatin 

MT5-MMP MMP-24 fibronectin, gelatin, proMMP-2 

MT6-MMP MMP-25 type IV collagen, gelatin, proMMP-2, 9 

Matrilysin-2, 

Endometase 

MMP-26 type IV collagen, gelatin, proMMP-9 

CMMP (Gallus) MMP-27  

epilysin MMP-28 casein 



 26 

Fig. 2. Domain structure of the gelatinases. Pre = signal sequence; Pro = propeptide 
with zinc ligating thiol (SH) group; Fi = fibronectin like collegen; Zn = zinc-binding site; 
H = hinge region; Hemopexin domain linked by disulfide (S) bond (modified from 
Sounni et al. 2003). 

MMPs are involved in many physiological processes, such as embryonic growth 
and tissue morphogenesis, during which they can appear in embryos during the 
early stage of implantation (Turpeenniemi-Hujanen et al. 1995; Alexander et al. 
1996). It is also known that MMPs play an important role in tissue remodeling, 
wound healing, bone resorption and mammary gland involution (Ravanti & 
Kähäri 2000). Moreover, the knowledge of their role in angiogenesis and 
apoptosis is expanding (Folgueras et al. 2004). MMPs also contribute to 
development and progression of many pathological conditions like rheumatoid 
arthritis, coronary artery disease and cancer (Libby 1995, Thompson 1995, 
Nagase & Woessner 1999). 

2.3.2 Matrix metalloproteinase-2 and -9 

MMP-2 (Gelatinase A, 72kDa type IV collagenase) is a widely studied matrix 
metalloproteinase. It was first described and purified from highly metastatic 
murine tumors (Liotta et al. 1979; Salo et al. 1983) and cultured human 
melanoma cells (Höyhtyä et al. 1990). MMP-2 is abundantly expressed in 
fibroblasts, endothelial and epithelial cells (Vartio et al. 1982; Salo & Oikarinen 
1985; Hipps et al. 1991). Gelatinases are secreted as proenzymes and they need to 
be activated for catalytic activity. Most MMPs can be activated extracellularly by 
other already activated MMPs or serine proteinases. MMP-2 is activated at the 
cell surface and the activation is mediated by the membrane-type 
metalloproteinase-1 (MT1-MMP). (Ward et al. 1994; Strongin et al. 1995; Visse 
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& Nagase 2003). MMP-2 participates in extracellular matrix degradation (ECM) 
having a wide range of substrates. It is able to degrade type I, IV, V, VII and X 
collagens, laminin, elastin, fibronectin and proteoglycans. (Nagase et al. 1999; 
Woessner 1999; Sternlicht et al. 2001). 

MMP-9 (Gelatinase B, 92kDa type IV collagenase) was first purified from 
human macrophages (Vartio et al. 1982). MMP-9 expression is limited to 
osteoclasts, macrophages, trophoblasts, hippocampal neurocytes and migrating 
keratinocytes and it is controlled by growth factors, chemokines and other 
stimulatory signals (Hipps et al. 1991; Mohan et al. 1998; Munaut et al. 1999). 
MMP-9 is secreted as an inactive precursor form, proMMP-9. It forms a tight 
complex with TIMP-1 and TIMP-3. The complex of proMMP-9 and TIMP-1 is a 
potential inhibitor of MMPs. (Visse et al. Nagase 2003; Nagase et al. 2006) 
Another activation mechanism is plasminogen/MMP-3 mediated activation. 
Plasmin can also directly activate proMMP-9 (Mazzieri et al. 1997; Ramos-De 
Simone et al. 1999). 

Although TIMPs are naturally occurring known inhibitors of matrix 
metalloproteinases that bind MMPs, they also have a role in the activation of 
certain MMPs. Therefore the TIMPs are naturally occurring inhibitors that bind 
MMPs. TIMP-1, TIMP-2, TIMP-3 and TIMP-4 have been identified in 
vertebrates. (Brew et al. 2000) They consist of 184–194 amino acids and have an 
N-and C-terminal domain. The N-terminal domain folds as a separate unit and 
can inhibit MMPs (Leco et al. 1994; Visse & Nagase 2003; Björklund et al. 
2005). TIMPs are divided into an N-terminal and a C-terminal subdomain, each 
containing three conserved disulfide bonds and the N-terminal domain. TIMPs 
inhibit the MMPs proteolytic activity by forming non-covalent 1:1 stoichiometric 
complexes. TIMP-1, TIMP-2 and TIMP-4, but not TIMP-3, present in soluble 
form. TIMP-3 is bound to the matrix. (Brew et al. 2000; Visse & Nagase 2003; 
Nagase et al. 2006) Although all different TIMPs bind tightly to MMPs there are 
still some differences between them in solubility, regulation of expression and 
interaction with the proenzyme form of MMPs (Corcoran et al. 1995; Brew et al. 
2000). (Table 4) 

Unlike TIMP-1, TIMP-2 and TIMP-3 are effective inhibitors of MT-MMPs. 
TIMP-3 is also a good inhibitor of tumor necrosis factor-α converting enzyme 
(TACE) (Amour et al. 1998). TIMPs are able to form complexes with the 
proMMPs, which supports their role in the activation process of MMPs. TIMP-1 
forms a specific complex with proMMP-9. The function of the complex is not 
clear, but it could play a role in the activation of proMMP-9, as is the case with 
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the TIMP-2/MMP-2 complex. The TIMP-2/MMP-2 complex is known to play an 
important part in the cell-surface activation of proMMP-2. (Goldberg et al. 1992; 
Murphy et al. 1997; Nagase et al. 1998) 

TIMPs also have effects on cell growth and survival. Sobeu et al. have shown 
that TIMP-1 and TIMP-2 stimulate the bone-resorbing activity of osteoclasts 
through tyrosine kinase and MAP kinase pathways (Sobue et al. 2001). The cell-
growth promoting effects of TIMP-1 and TIMP-2 have been shown in many 
normal and malignant cell lines (Corcoran & Stetler-Stevenson 1995; Yamasita et 
al. 1996; Wang et al. 2002). It is thought that TIMP-2 acts through specific, 
saturable high-affinity receptors and links to G protein and cAMP signaling 
pathways (Corcoran & Stetler-Stevenson 1995). TIMP-1, TIMP-2 and TIMP-3 
are known to reduce tumor cell growth (Gomez et al. 1997; Ahonen et al. 1998; 
Baker et al. 1999). On the other hand, some TIMPs are associated with tumor 
progression (Stetler-Stevenson 1997; Jiang et al. 2001). Biological activities of 
TIMPs are independent of the MMP-inhibitory activity (Ahonen et al. 1998; 
Valente et al. 1998; Fasisina et al. 2002). TIMP-2 can promote apoptosis in an in 
vivo colorectal cancer model (Brand et al. 2000), but it has controversially been 
shown to protect B16 melanoma cells from apoptosis (Ahonen et al. 1998; 
Valente et al. 1998). 

TIMPs can inhibit most MMPs and as such one of their roles is to limit 
proteolysis during ECM modeling. However, it is now known that the role is not 
simple. There are studies that show TIMP-4 to be potential antiangiogenic agent 
as it is able to inhibit tumor growth, angiogenesis and metastasis in a xenograft 
model of mammary tumor genesis in mice (Wang et al. 2001). These findings on 
TIMPs’ potential role in inhibiting tumor growth and angiogenesis have led to 
formation of synthetic matrix metalloproteinase inhibitors. Unfortunately, no 
major significant benefit has been seen so far in clinical trials of cancer treatment. 

Table 5. Common and unique features of TIMPs (modified from Baker et al. 2002). 

 TIMP-1 TIMP-2 TIMP-3 TIMP-4 

n-glycosylation sites 2 0 1 0 

Protein kDa 28 21 24/27 22 

Protein localization soluble soluble/cell 

surface 

ECM soluble/cell 

surface 

Protein association proMMP-9 proMMP-2 proMMP-2/-9 proMMP-2 

MMPs poorly inhibited MT1-, MT2-, MT3- 

and MT5-MMP, 

MMP-19 

none none none 
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2.3.3 Regulation of gelatinase activity 

MMPs are regulated in many levels although it is not fully understood how 
MMPs act in the processes of development, homeostasis and diseases. They are 
tightly regulated transcriptionally and on the posttranslational level. MMPs are 
secreted as inactive proMMPs. Their activity is controlled at the protein level by 
their activators, inhibitors and through their cell surface localization. 

Most MMPs are closely regulated, mainly at the level of transcription. 
MMP-2 is an exception. It is expressed and controlled also through a mechanism 
of enzyme activation and post-transcriptional mRNA stabilization. (Strongin et al. 
1995) The gene expression of MMPs is regulated by several stimulatory and 
suppressive factors that influence multiple signal pathways. For example, the 
expression of different MMPs can be regulated by phorbol esters, integrin-derived 
signals, extracellular matrix proteins, cell stress or changes in cell shape (Fini et 
al. 1998; Sternlicht & Werb 1999). AP-1 complexes are known to play a critical 
role in the regulation of some MMP genes. An AP-1 binding sequence has been 
identified in the gene for MMP-9, but not in that for MMP-2 (Sternlict & Werb 
2001). Also interferon-α and -γ have been shown to alter the expression of 
MMP-2 and MMP-9 in cultured melanoma cell lines (Hujanen & Turpeenniemi-
Hujanen 1991; Hujanen et al. 1994). 

One of the regulation mechanisms for MMPs is the activation on cell surface. 
There is evidence that cell surface association may be critical for optimal MMP 
function. MT-MMPs are localized to invalopodias - specialized plasma membrane 
protrusions believed to constitute the cellular structures that direct invasion – and 
they lose their proteolytic activity when they appear in secreted forms (Werb et al. 
1997; Nakahara et al. 1997; Chen W-T 1996; Hotary et al. 2000). 

Most of the MMPs are activated outside the cell, except MMP-11, MMP-28 
and membrane bound MMPs containing furin protease cleavage sites. They are 
activated by intracellular urine-like serine proteases before they reach the cell 
surface. (Sternlicht & Werb 2001) The activity of MMPs is controlled by several 
endogenous and exogenous inhibitors. TIMPs are included in the group of 
endogenous inhibitors but they are not the only ones. α2-macroglobulin is a major 
endogenous inhibitor of MMPs. (Sottrup-Jensen & Birkedal-Hansen 1989) It is an 
abundant plasma protein and inhibits MMPs in tissue fluids, whereas TIMPs 
inhibit MMPs locally in tissues. The inhibition of α2-macroglubulin by MMPs is 
irreversible. (Sternlich & Werb 2001) Other proteins, like tissue factor pathway 
inhibitor 2 (TFPI-2) and GPI-anchored glycoprotein called RECK have also been 
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reported to inhibit MMPs. How these proteins inhibit MMPs is not yet known. 
Protein subdomains are other recently recovered MMP inhibitors. Their structure 
has similarities with that of TIMPs. (Sternlicht & Werb 2001; Visse & Nagase 
2003; Clark et al. 2007) 

2.3.4 The prognostic role of gelatinases and their inhibitors in 
cancer patients 

Over the last few years the research of matrix metalloproteinases has increased 
considerably. It has been shown that many members of the MMP family take part 
in cancer invasion and metastasis. The overproduction of MMPs in cancer is 
known to correlate with tumor progression and metastasis and therefore many 
cancer trials have focused on studying the roles of MMPs and their inhibitors as 
prognostic markers in different cancer types. The levels of immunoreactive 
proteins have been studied by different methods in tissue samples from cancer 
patients’ serum or plasma and also from the urine of cancer patients, especially 
those with urothelial cancer. 

Most data published from MMP-2 and MMP-9 seems to link their roles to 
aggressive behavior of different cancer types. MMP-2 overexpression is found to 
correlate with poor survival in breast carcinoma patients (Talvensaaari-Mattila et 
al. 1998, 1999, 2001, 2003; Sivula et al. 2005). The overexpression of MMP-2 
immunoreactive protein indicates a 4.5-fold relative risk of dying from 
melanoma, and in uveal melanoma it predicts the risk of metastasis (Väisänen et 
al. 1998, 1999). In gastric cancer, colorectal cancer and also in pancreatic cancer 
MMP-2 expression seems to correlate with poor prognosis (Grigioni et al. 1994; 
Ring et al. 1997; Juuti et al. 2006). Increased expression of MMP-2 in prostate or 
renal carcinoma seems to be associated with poor prognosis (Inoue et al. 2002; 
Trudel et al. 2003). The role of MMP-2 circulating immunoreactive protein is not 
so widely studied and not that clear, either. There are studies that state that high 
serum levels of MMP-2 associate with adverse prognosis in breast cancer, at least 
in node-positive breast carcinoma (Leppä et al. 2004). Kuvaja et al. in their 
experiment came to the conclusion that low level of serum proMMP-2 correlates 
with aggressive behavior (Kuvaja et al. 2006). When viewing hematological 
malignancies MMP-2 expression seems to indicate a favorable prognosis, and in 
the same work of Kuittinen et al. MMP-9 expression was instead a marker of 
poor prognosis (Kuittinen et al. 2002). 
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The function of MMP-9 is quite controversial in other solid tumors than 
bladder cancer. Scorilas et al. suggest in the conclusion of their study that MMP-9 
immunoreactive protein could be a favorable indicator in node-negative breast 
cancer. On the other hand, Rahko et al. showed that patients with receptor-
negative and MMP-9 positive breast carcinoma had a decreased disease-free 
survival compared to patients having tumors that were negative for both 
parameters (Rahko et al. 2004). In studies using plasma or serum samples it 
appeared that MMP-9 could be associated with an increased relapse risk and 
unfavorable prognosis (Ranuncolo et al. 2003; Talvensaari-Mattila et al. 2005). 

The controversial role of TIMPs as inhibitors but also as activators of some 
MMPs has led to complex results when studying their effects on the prognosis of 
different cancers. In lung cancer the TIMP-1 overexpression in tissue and 
elevated serum levels are predictors of worse survival (Ylisirniö et al. 2000; 
Gouyer et al. 2005). In head and neck squamous cell carcinoma TIMP-1 also 
associated with poorer survival when measured from either tissue or serum 
(Ruokolainen et al. 2005). TIMP- 2 seems to be a marker of favorable prognosis, 
but some authors have found it to be linked to poor prognosis (Remarcle et al. 
2000; Nakiopoulou el al. 2002). Rauvala et al. showed in their experiments that 
preoperative serum TIMP-1 concentration correlated to aggressive behavior of 
ovarian cancer, and high TIMP-2 levels were controversially associated with 
better survival, but this was not statistically significant (Rauvala et al. 2005). 
The relationship between MMP-2 overproduction and tumor progression has led 
to the development of strategies and clinical trials to study TIMPs’ potential role 
as a therapeutic agent. Preclinical studies have shown that TIMPs may reduce 
invasion and spontaneous metastases (Curran et al. 2001; Slaton et al. 2001; 
Pepper et al. 2001). In contrast, Kruger et al. reported that during batimastat 
treatment, liver metastases appeared in the treated animals (Kruger et al. 2001). 
Clinical trials using metalloproteinase inhibitors in the treatment of different 
cancers have failed to meet the clinical end points (Coussens et al. 2002; Overall 
& Lopez-Otin 2002; Pavlaki & Zucker 2003). 

2.3.5 Tissue inhibitors of metalloproteinases in bladder cancer 

In bladder cancer and moreover in urothelial cancer, there are several studies that 
have tried to establish the function of metalloproteinase invasion and the growth 
of these tumors. Many of these studies have concentrated on exploring the levels 
of these markers in the urine. The protein levels of MMP-2, MMP-9 and TIMP-2 
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in urine have recently been suggested as possible non-invasive diagnostic markers 
for bladder cancer by Eissa et al. 2007. They showed that high sensitivity and 
specificity of MMP zymography, MMP-9/TIMP-2 ratio and MMP-2/TIMP-2 ratio 
were reached, more favorably so compared to cytology. (Eissa et al. 2007) 

MMP-9 is quite well examined in urothelial and bladder cancer. Whether 
using tissue samples or serum or urine detection, it seems that high or elevated 
expression of MMP-9 enzyme correlates to clinical stage or histological grade of 
the tumor (Gerhards et al. 2000; Monier et al. 2002; Eissa et al. 2003, Guan et al. 
2003). In one study of Durkan et al. no correlation to grade was found but 
instead, the MMP-9 levels measured by enzyme-linked immunoassay (ELISA) 
correlated to stage when measuring MMP-9 protein in urine samples of bladder 
cancer patients (Durkan et al. 2003). It has also been found that patients with no 
relapse had a higher urine MMP-9 protein level than patients with relapses, the 
difference being statistically significant (Monier et al. 2003). The value of 
MMP-9s in predicting survival is also controversial. While some studies show no 
association between survival and MMP-9 expression there are others that show 
MMP-9 expression as a statistically significant predictor for poor cause-specific 
survival (Gerhards et al. 2003; Miyata et al. 2004). 

Some clinical studies have been able to confirm especially the role of MMP-2 
in progression of urothelial carcinoma. Already in 1993 Davies et al. used 
zymography to measure the levels of type IV collagenase activity in TCC. Levels 
of active MMP-2 increased with tumor grade and were higher in invasive tumors 
than in superficial tumors. (Davies et al. 1993) The serum levels of MMP-2 were 
shown to be elevated in advanced urothelial carcinoma preoperatively before 
radical cystectomy by Cohji et al. 1996. Patients with elevated serum levels of 
MMP-2 also had shorter disease-free survival compared to patients with normal 
MMP-2 levels. (Gohji et al. 1996) Some other studies have also shown a 
correlation to grade and stage (Kanayama et al. 1998; Kanda et al. 2000; Miyata 
et al. 2004). Grignon et al., however, did not find any association between the 
expression of MMP-2 immunoreactive protein in bladder cancer tissue or the 
grade or stage in TCC (Grignon et. al. 1996). High MMP-2 expression seems to 
correlate with shorter cause-specific survival (Kanda et al. 2000; Miyata et al. 
2004). There are also controversial data from urine and bladder washes 
concerning the excretion of MMP-2. There are studies that show an association of 
proMMP-2 to high stage and grade, but in other studies neither latent nor active 
MMP-2 could be detected in any urine samples of bladder cancer patients (Bianco 
et al. 1998; Gerhards et al. 2001). Previously Staack et al. showed that the 
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concentration of the circulating MMP-2, detected from the plasma of TCC 
patients, was higher than in the control group (Staack et al. 2006). 

In general, TIMPs inhibit MMPs. TIMPs-2 binds to the active form of 
MMP-2 and inhibits its proteolytic activity. In fact low doses of TIMP-2 are 
associated with MTI-MMP-mediated MMP-2 activation. Instead, high TIMP-2 
doses inhibit directly both MMP-2 and MT1-MMP-mediated MMP-2 activation. 
TIMP-2 also binds selectively to proMMP-2, modulating its activation. This 
complex shows proteolytic activity. (Steteler-Stevenson et al. 1989; Kinoshita et 
al. 1998; Kurschat et al. 1999) 

TIMPs’ role in the prognosis of bladder carcinoma seems to be controversial. 
Two tissue experiments, of which one was done by reverse transcriptase-
polymerase chain reaction (rPCR) and the other by immunohistochemistry, both 
showed that high expression of TIMP-2 correlated with advancer stage and grade 
(Kanayama et al. 1998; Gakiopoulou et al. 2003). In the work of Gakiopoulou et 
al. only positive stromal cell expression, but not that in the cancer cells, 
associated with stage and grade (Gakiopoulou et al. 2003). Patients with high 
expression of the gene for TIMP-2 in the primary tumor had an unfavorable 
prognosis when compared to patients with low TIMP-2 expression in the tumor 
(Kanayama et al. 1998). In the immunohistochemical study of Miyata et al. there 
were no statistical correlations between TIMP-2 and stage or tumor grade. 
TIMP-2 was still a statistically significant predictor of cause-specific survival. 
(Miyata et al. 2004) Also in another study, moderate or strong stromal TIMP-2 
staining correlated strongly with shorter disease-specific survival (Grignon et al. 
1996). One study on the release of TIMP-2 in urine showed an opposite 
correlation between TIMP-2 and high stage or histological grade. The level of 
TIMP-2 in urine was not informative when concerning disease-free survival in 
this work. (Monier et al. 2002) In the recently published experiment of Staack et 
al. plasma concentrations of TIMP-2 showed no correlation with grade. The 
levels in the group of non-metastasized bladder cancer patients were significantly 
lower when compared to levels in the control group, but showed no correlation 
with the plasma TIMP-2 levels of metastasized bladder cancer patients. (Staack et 
al. 2006) 

Fewer data support a meaningful role of TIMP-1 in bladder cancer 
development. Durkan et al. found that urinary TIMP-1 levels correlated strongly 
with tumor size and that progression-free survival was shown in patients who had 
high TIMP-1 levels. The high levels did not, however, correlate with disease-
specific survival. (Durkan et al. 2001) Only one study showed that TIMP-1 could 
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be an independent predictor of cause-specific survival. The writers suggest that 
TIMP-1 expression could be used to select patients for postoperative observation 
strategies (Miyata et al. 2004). 

In different studies there have been calculations of the balance between 
MMPs and their inhibitors. Previously it has been shown that the calculated ratio 
of serum MMP-2/TIMP-2 could be an independent indicator for advanced 
urothelial carcinoma and that an imbalance between the serum levels of MMP-2 
and TIMP-2 could be a predictor of recurrence in advanced urothelial cancer 
patients (Gohji et al. 1998). Monier et al. also came to same conclusion in their 
study of urine levels of matrix metalloproteinase -2 and -9 and their inhibitors in 
bladder cancer patients when they showed that the imbalance between increased 
MMP-9/TIMP-1 ratio and MMP-2/TIMP-2 ratio appears to be associated with 
tumor stage, grade and clinical events (Monier et al. 2002). 
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3 Aims of the present study 

Superficial bladder carcinoma has a good prognosis. The recurrence rate is still 
over 80%, and about 10 to 15% will progress to muscle-invasive and metastatic 
tumors. Useful markers for predicting tumor aggressivity are few. Gelatinases 
MMP-2 and MMP-9 are known to associate with tumor cell invasion and 
metastatic potential in several malignant tumors. There are only a few and 
controversial articles concerning gelatinases in bladder cancer. Especially their 
association with clinical outcome is poorly studied. The need to find more useful 
biochemical markers is obvious for bladder carcinoma, and gelatinases are 
potential candidates because they have capacity to promote early cancer 
development and cancer progression. 

The specific aims of the present study were: 

1. To study the tumor expression of immunoreactive protein of MMP-2 and its 
prognostic value in bladder cancer. 

2. To investigate whether there are differences in the levels of circulating 
immunoreactive proteins of TIMP-2 and the MMP-2:TIMP-2 complex 
between healthy controls and patients with bladder cancer and to study the 
prognostic role of these markers 

3. To investigate the association between tumor MMP-9 and the 
clinicopathological features of bladder cancer and MMP-9 as a prognostic 
marker in bladder carcinoma 

4. To determine and compare the values of circulating immunoreactive proteins 
of MMP-2, MMP-9, TIMP-1 and TIMP-2 as prognostic factors in bladder 
cancer patients. 
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4 Materials and methods 

4.1 Patients and tissue and serum samples 

All histological material of bladder cancer and patients’ blood samples were 
obtained during therapeutic procedures required by the primary disease. For 
control group serum samples of the healthy voluntary were collected. 54 
consecutive patients for bladder cancer between 1986 and 1991 (I) and 87 
patients between the years 1987 and 1992 (III) who had been treated with 
endoscopic treatment or cystectomy at the Surgical Department of Oulu 
University Hospital were entered in the study. All samples were primary samples. 
Serum samples from 44 voluntary bladder cancer patients who were referred to 
the Department of Clinical Oncology and Radiotherapy between 1996 and 1999 
(II) were included in the study and the material was enlarged to 84 by including 
the patients until year 2005 (IV). All cases with adequate histological material 
were included in the study (I, III). The staging of the bladder cancer is done in 
this study according to the International Union Against Cancer (UICC) 
classification system 1997. In this staging Ta carcinomas were classified as T1 
tumors and T2 and T4 is not divided into a and b categories.  

4.2 Immunohistochemistry 

4.2.1 Immunohistochemical staining 

The histological material was fixed in 10% formalin and embedded in paraffin. 
For immunohistochemistry, 4μm paraffin sections were cut on poly-L-lysine (I) 
or silane-coated (III) slides (Sigma Chemicals, St Louis, MO, USA) and 
incubated overnight at 37°C. The slides were deparaffinized in a histological 
clearing agent (Histo-Clear, National Diagnostics, Atlanta, GA, USA) and 
hydrated. Endogenous peroxidase activity was blocked by incubating the slides in 
diluted hydrogen peroxidase. Non-specific binding was blocked by using 10% 
goat serum. Other specific pretreatments are listed in the original articles (I, III).  

The primary antibodies were diluted and added onto the slides. The 
antibodies used in immunohistochemical staining are listed in Table 5. The slides 
were incubated at room temperature in a humidified atmosphere. The immuno-
histochemical staining was continued using the Histostain bulk kit® (Zymed, San 
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Francisco, CA, USA) (I, III) according to the manufacturer’s protocol. The slides 
were washed thoroughly with phosphate-buffered saline after each step in the 
procedure. The antibody reaction was visualized in staining using a fresh 
substrate solution containing aminoethyl carbazole substrate (AEC, Zymed, San 
Francisco, CA, USA) (I, III). The sections were counterstained with hematoxylin 
and mounted with Immu-Mount (Shandon Inc: Pittsburgh, PA, USA). Both 
negative and positive controls were used.  

Table 6. Antigens and their respective antibodies used in immunohistochemistry. 

Antigen Antibody Staining pattern Form Source 

MMP-2 mouse monoclonal, antihuman 

(clone CA4001) 

cytoplasmic proMMP-2 

free and complexed with 

TIMP-2 

Diabor, Oulu, Finland 

MMP-9 mouse monoclonal, anti-human 

(clone GE231) 

cytoplasmic pro and active 

MMP-9 free and 

complexed with TIMP-1 

Diabor, Oulu, Finland 

4.2.2 Evaluation of the immunostaining 

The immunostaining for MMP-2 and MMP-9 was scored by three independent 
observers in two repeatable experiments, variability giving a good correlation. 
The clinical data were not analyzed until the immunostaining scores were given. 
When more than 1% of the cells showed a positive reaction for MMP-2 
immunostaining the case was determined as positive (I). When 25% or more of 
the tumor cells showed positive staining it was considered to represent an 
overexpression for MMP-9 staining: less than 5% was negative, more than 5% to 
25% indicated low levels (+), more than 25% but less than 50% intermediate (++) 
and more than 50 high (+++) levels of staining (III). 

4.3 Enzyme-linked immunoassay 

ELISA assays for MMP-9, TIMP-1, TIMP-2 and MMP-2:TIMP-2 complex from 
serum samples were performed on 96-well microtiter plates using 8-well stripes 
(Corning Inc., Corning, NY, USA). 
The total and active MMP-2 levels were detected by using commercial assay kits 
(Human Biotrak Elisa system for detecting MMP-2 by Amersham Biosciences, 
Buckinghamshire, England). The total proMMP-2 assay (RPN 2617) recognized 
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both free proMMP-2 and proMMP-2:TIMP-2 complexes, whereas the assessment 
used in measuring the active MMP-2 (RPN 2631) recognized only free active 
forms of MMP-2. The assays were conducted following the manufacturer’s 
instructions. 

For measurements of MMP-9, TIMP-1, and TIMP-2, the plates were coated 
with monoclonal antibody (GE-213 for proMMP-9, DB-102 for TIMP-1 and 
T2-101 for TIMP-2). Serum samples were diluted immediately prior to adding to 
the assay and there were followed by the polyclonal antibodies (DB-209 for 
proMMP-9and anti-TIMP-1 or DB-205 for TIMP-2). After polyclonal detection 
antibodies, the horseradish peroxidase-labeled antibody (HRP, Chemicon 
International, Temecula, CA, USA) was added. The peroxidase label was 
visualized by using the OPD (o-phenylenediamine dihydrochloride) enzyme 
substrate (Sigma, Steinheim, Germany). The color formation was measured on 
492 nm wavelength (Anthos 2001 microplate reader). Windows-based control and 
evaluation software for Anthos microplate readers (Anthos Labtec Instruments, 
Wals, Austria) was used for the calculations. 

For the assessment of the MMP-2:TIMP-2 complex the plate was coated with 
monoclonal anti-TIMP-2 antibody (code T2-101). The bound complex was 
detected by using a polyclonal anti-MMP-2 antibody (code DB-202). All 
monoclonal and polyclonal antibodies used were from SBA Sciences (Oulu, 
Finland) (Table 6). 

Table 7. Coating antibodies and secondary antibodies used in ELISA according to the 
measured immunoreactive proteins. 

Measured protein Coating antibody (monoclonal) Secondary antibody immunoreactive 

(polyclonal) 

MMP-9 anti-MMP-9 (GE213) (SBA Sciences, 

Oulu, Finland) 

anti-MMP-9 (DB-209) (SBA Sciences, 

Oulu, Finland)  

TIMP-1 anti-TIMP-1 (DB-102) (SBA Sciences, 

Oulu, Finland) 

anti-TIMP-1 (SBA Sciences, Oulu, 

Finland) 

TIMP-2 anti-TIMP-2 (T2-101) (SBA Sciences, 

Oulu, Finland) 

anti-TIMP-2 (DB-205) (SBA Sciences, 

Oulu, Finland)  

MMP-2:TIMP-2 complex anti-TIMP-2 (T2-101) (SBA Sciences, 

Oulu, Finland) 

anti-MMP-2 (DB-202) (SBA Sciences, 

Oulu, Finland) 

proMMP-2 anti-MMP-2 (Amersham, 

Buckinghamshire, UK) 

peroxidase labeled Fab 1 antibody to 

MMP-2 

active MMP-2*   

*active MMP-2 levels were measured by a commercial KIT (Amersham, Buckinghamshire, UK) 
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4.4 Statistical analysis 

The survival time was defined as time in months elapsing from the date of 
diagnosis to the date of death. Relapse-free survival was likewise determined as 
time in months from the date of diagnosis to the date of recurrence or metastasis, 
verification made either histologically or radiologically. 

The overall, cancer-specific and relapse-free survival rates were analyzed 
using the Kaplan-Meier method. Log-rank or Breslow test for dichotomous 
variable analysis was used to analyze the significance of the differences between 
subgroups. Receiving operating characteristics (ROC) curve was used to assess 
the cut-off points for continuous variables for the Kaplan-Meier analyses. Fisher’s 
exact probability test and Chi-Square test were used when testing the association 
between MMPs and TIMPs and major prognostic variables in bladder cancer, 
such as grade and stage. 

The multivariate analysis was done with Cox’s proportional regression model 
(Cox 1972). Statistical analysis was performed using SPSS software system for 
Windows (SPSS, Chicago, IL). P-values less than 0.05 were considered as 
statistically significant. 

4.5 Ethical aspects 

The study protocol was approved by the Ethical Committee of Oulu University 
Hospital in March 1994, and renewed in July 2002 (EETTMK: 17/2002). 
Permission to use histological samples retrospectively was given by the National 
Authority for Medical Affairs, Finland (5180/3200/02). All patients signed a 
written consent before any blood or urine samples were taken. It included also the 
permission to use tissue samples and data from medical records.  
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5 Results 

5.1 Tumor tissue expression of MMP-2 and MMP-9 immunoreactive 
protein in bladder carcinoma (I, III) 

Positive immunoreaction was usually observed as a diffuse positive staining 
localized in the cell cytoplasm (Fig. 3A). Of 54 primary bladder carcinomas, 35 
(65%) showed positive staining of MMP-2 immunoreactive protein. Most striking 
positivity typically appeared in the epithelial cells. In 22 out of 54 bladder 
carcinomas (41%) the staining was moderate or strong (more than 25% of the 
tumor cells positive). Granular staining was seen in 10 out of 54 cases (18%) 
(Fig. 3B). 19 cases remained negative for MMP-2 (Fig. 3C). 

Fig. 3. The staining results for A) positive, B) granular positive and C) negative MMP-2 
staining. 

Overexpression of MMP-9 immunoreactive protein was detected in 38% (33 out 
of 87) of the urinary bladder cancer samples (≥ 25% of the cells appearing as 
positive). The remaining 44 samples were negative for MMP-9 or showed a weak 
immunoreactivity (< 25% of the cells appearing as positive).  

5.2 Comparison of the levels of circulating MMP-2, TIMP-2 and 
MMP-2:TIMP-2 complex in patients and controls (II, IV) 

The healthy volunteers had a mean serum level of TIMP-2 that was higher 
compared to bladder cancer patients. The mean serum level of TIMP-2 was 318 
ng/ml in controls, while it was 258 ng/ml in bladder cancer patients. This 
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difference was statistically highly significant. (P < 0.0001) (Fig. 4A) The 
MMP-2:TIMP-2 complex levels were also significantly higher in the healthy 
volunteers compared to bladder cancer patients. The mean concentration of serum 
MMP-2:TIMP-2 complex was 628 ng/ml in the healthy volunteers and 316 ng/ml 
in the bladder cancer patients (P < 0.0001) (Fig. 4B). 

Circulating levels of total MMP-2 or proMMP-2 (inactive) were also 
significantly higher in the control subjects (IV). The median total MMP-2 serum 
level of the patients was 1193 ng/ml versus 1396 ng/ml in controls (P = 0.009) 
(Fig. 4C), and median active MMP-2 levels 19.0 ng/ml versus 39.53 ng/ml, 
respectively (P < 0.001) (Fig. 4D). 
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Fig. 4. Comparison of the levels of circulating immunoreactive protein in patients and 
controls A) for TIMP-2, B) for MMP-2:TIMP-2 complex, C) for proMMP-2 and D) for 
active MMP-2, Copyright from Elsevier. 

5.3 Correlation of the MMP-2, MMP-9, TIMP-2 and MMP-2:TIMP-2 
complex immunoreactive proteins with the traditional clinico-
pathological markers 

5.3.1 Tissue immunoreactive proteins for MMP-2 and MMP-9 (I, III) 

There was a statistical correlation between MMP-2 positivity and the stage of the 
tumor (P = 0.04), but there was no correlation between MMP-2 positivity and 
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tumor grade (P = 0.983). A pooled analysis of the positivity of the different 
immunoreactive proteins in tissue is presented in Table 7. There was no 
correlation between the overexpression of MMP-9 and tumor stage or grade 
(P = 0.78, P = 0.25, respectively), neither was there any correlation between the 
overexpression of MMP-9 and sex or age (P = 0.24, P = 0.06, respectively).  

Table 8. Expression of MMP-2 and MMP-9 according to patient characteristics in 
pooled analysis. 

Patient 

characteristics 

MMP-2 positivity 

n = 54 (%) 

Significance (p) MMP-9 positivity 

n = 87 (%) 

Significance (p) 

Positive cases  35/54 (65)  33/87 (38)  

men 32/48 (66)  28/68 (41)  

women 3/11 (50) N.S. 5/19 (26) N.S. 

Stage     

I 10/20 (50)  21/50 (42)  

II 6/10 (60)  7/19 (37)  

III 13/16 (81)  3/11 (27)  

IV 6/8 (75) 0.04 2/7 (29) N.S. 

Grade     

1 7/11 (64)  11/24 (46)  

2 20/31 (65)  19/48 (40)  

3 8/12 (67) N.S. 3/15 (20) N.S. 

5.3.2 Circulating immunoreactive proteins for MMP-2, MMP-9, TIMP-
1, TIMP-2 and MMP-2:TIMP-2 complex (II, IV) 

The median concentration for proMMP-2 was 1193.2 ng/ml (range 414.0–3170.3, 
for active MMP-2 19.0 ng/ml (range 6.4–84.4) and for TIMP-2 413.9 ng/ml 
(range 153.1–1414.1). For MMP-2:TIMP-2 complex the mean concentration was 
242.9 ng/ml (range 163.1–347.3). The circulating levels of proMMP-2 correlated 
significantly to the circulating levels of MMP-2:TIMP-2 complex (Spearman’s 
rho 0.683, P < 0.001). 

No correlation was seen between the grade or the stage of the tumor and 
serum TIMP-2 (P = 0.895, P = 0.122) or MMP-2:TIMP-2 complex (P = 1.0, 
P = 0.293, correspondingly, Fisher’s exact test). There was an inverse significant 
correlation between the stage of the disease and circulating proMMP-2 levels. 
Patients with stage I disease had a median serum proMMP-2 concentration of 
1213.4 ng/ml (range 793.0–274.4), whereas in the patient group of stage IV 
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disease the median serum proMMP-2 concentration was 1055.2 ng/ml (range 
564.5–1901.5) (P = 0.01). We did not find any correlation between serum 
proMMP-2 and histological grade, patients’ age or sex. For active MMP-2, no 
significant correlations with clinico-pathological parameters were found, neither 
were there any correlations with clinico-pathological parameters for 
MMP-2:TIMP-2 complex, TIMP-2, proMMP-9 or TIMP-1. 

5.4 The prognostic value of tumor tissue gelatinases and their 
tissue inhibitors in bladder cancer 

5.4.1 Tissue MMP-2 and MMP-9 as prognostic markers (I, III) 

The overexpression of MMP-2 seemed to predict an earlier relapse although the 
correlation between overexpression of MMP-2 protein and relapse-free survival 
did not reach significance. Patients with a MMP-2 positive tumor suffered a 
relapse in less than 7 years of the follow-up, whereas the MMP-2 negative cases 
enjoyed more often a relapse-free survival of more than 10 years (P = 0.0781). 
The 5-year relapse-free survival was 30% for MMP-2 positive patients and 68% 
for MMP-2 negative patients. After a 10-year follow-up the survival rate was 24% 
versus 68% (P = 0.07).  

The urinary bladder cancer relapsed in 67 of the 87 patients (77%). Most of 
the relapses were local ones (47 of 67 (70%)). Ten patients had lymph node 
relapses and ten had a hematogenous relapse. Twenty-three out of the 67 (34%) 
relapsed cases showed positive MMP-9 overexpression. In log rank univariate 
analysis, the stage correlated significantly with relapse-free survival, but not with 
grade (P = 0.003, P = 0.26, respectively). In multivariate Cox regression analysis, 
stage was the most strongly predictive factor, although no statistical significance 
was reached. The Kaplan Meier analysis showed that a cumulative 5-year disease-
free survival of patients with low or negative MMP-9 expression was 19%, 
whereas the cumulative survival for patients with MMP-9 overexpression was 
36% after 5 years of follow-up. This difference did not quite reach statistical 
significance (P = 0.08). 

In this study material, MMP-2 overexpression was significantly associated 
with disease-specific survival and it was found to be an indicator of poor 
prognosis. The 5-year disease-specific survival in the MMP-2 positive patient 
group was 55% compared to 77% in the patients with MMP-2 negative bladder 
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carcinoma. After 10 years of follow-up, there was a distinct difference in disease-
specific survival between the MMP-2-positive and negative cases, 30% and 77%, 
respectively. (P = 0.0353) (Fig. 5A)  

Controversially, a statistically significant positive correlation was found 
between the MMP-9 overexpression and survival of the bladder cancer patients. 
Patients with MMP-9 overexpression had a 5-year overall survival rate of 68%, 
when it was only 48% in cases presenting with a low or negative expression of 
MMP-9 (P = 0.0064) (Fig. 5B). Patients with MMP-9 overexpression in the tumor 
tended to have better cancer-specific survival than those with low or negative 
MMP-9 expression, 83% versus 73%; this difference did not quite reach statistical 
significance, however. Tumor grade and stage and positive MMP-9 staining were 
all prognostic in univariate Cox regression analysis. The multivariate Cox 
regression analysis was performed to analyze the independency of the prognostic 
value of MMP-9. In multivariate analysis, stage was the most significant factor 
for disease-specific survival. In this material, MMP-9 overexpression appeared as 
the most significant factor for overall survival. 
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Fig. 5. Survival analysis according A) MMP-2 (n = 54) and B) MMP-9 (n = 87) 
immunoreactivity, Copywright from IIAR. 
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5.4.2 Circulating proMMP-2, TIMP-2 and MMP-2:TIMP-2 complex as 
prognostic markers in bladder cancer (II, IV) 

The roles of circulating TIMP-2 or MMP-2:TIMP-2 complex as possible 
prognostic markers for bladder carcinoma were evaluated by correlating high 
values of the serum protein levels with the clinical behavior of the neoplasm. The 
cut-off values for the serum levels of TIMP-2 or MMP-2:TIMP-2 complex were 
determined by studying the distribution of P-values from log rank analyses for 
survival curves associated with different cut-off values. The selected values were 
the most appropriate ones, corresponding to the lowest P-values. These were 250 
ng/ml for both markers. 

The bladder cancer patients with high serum TIMP-2 levels enjoyed a better 
disease-free survival than did the patients with a low serum level (P = 0.048) (Fig. 
6A). The 5-year disease-free survival rate was 28% versus 5.3%, and the 10-year 
disease-free survival 28% versus 0%, respectively. Similarly, the 5- and 10-year 
disease-free survival rates of the patients with a high serum level of 
MMP-2:TIMP-2 complex were favorable compared to that in patients presenting 
with low levels of MMP-2:TIMP-2-complex (28% versus 0% and 19% versus 
0%). The latter difference is distinct in terms of numbers but is not statistically 
significant (P = 0.191), however. 

A distinct difference in cause-specific survival was also found according to 
the serum TIMP-2 levels. The patients with a low level of circulating TIMP-2 had 
a poor survival compared to the patients with a high level of serum TIMP-2. In 
Kaplan Meier analysis the cumulative 5- and 10-year cause-specific survival rates 
in patients with low levels of circulating TIMP-2 were 18% and 5%, and in the 
patients with high TIMP-2 levels, 67% and 24%, respectively (P = 0.0052) (Fig. 
6B). We were able to replicate these findings in our other research with a larger 
number of patients. High TIMP-2 serum levels (ln TIMP-2 > 5.50, corresponding 
to serum concentration of 244.7 ng/ml) also associated with better disease-
specific survival. The 5- and 10-year disease-specific survival rates were 66% 
versus 19% and 18% versus 7%, respectively (P = 0.004) 

A statistically significant difference in the cause-specific survival was also 
seen between the patients with low and high serum levels for MMP-2:TIMP-2-
complex (P = 0.007). The 5- and 10-year cause-specific survival rates for the 
patients with a low level of circulating MMP-2:TIMP-2 complex were 
considerably lower than for those with a high serum level. The 5-year cause-
specific survival was 20%, and 10-year survival only 7%, when the MMP-
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2:TIMP-2 complex level was low. When the complex level was high, the cause-
specific survival was better; the 5-year survival was 60% and 10-year survival 
24% (Fig. 6C). 

Fig. 6. A) Disease-free survival and B) cause-specific survival according to high 
(> 250ng/ml) and low (≤ 250ng/ml) levels of serum TIMP-2, C) cause-specific survival 
according to high (> 250ng/ml) and low (≤ 250ng/ml) serum levels of MMP-2:TIMP-2 
complex (II), Copyright from Elsevier. 

Patients with high levels of circulating proMMP-2 (ln proMMP-2 > 6.998, 
corresponding to serum concentration of 1094.4 ng/ml) had significantly better 
disease-specific survival compared to patients with lower levels of serum 
proMMP-2. In Kaplan-Meier analyses for disease-specific survival, the 5- and 
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10-year disease-specific survival rates were 46% versus 23% and 20% versus 5%, 
respectively (P = 0.011) (Fig. 7).  

Fig. 7. Disease-specific survival according to high and low serum proMMP-2 levels, 
(IV). Copyright from Karger. 
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6 Discussion 

6.1 The prognostic value of MMP-2 and MMP-9 immunoreactive 
protein in bladder carcinoma 

In this study there were few immunohistochemical samples that could be 
classified either non-invasive Ta tumors or T1 tumor. Those samples were 
included in T1 group. Non-invasive Ta tumors have different biology and clinical 
behavior than invasive bladder cancer. The very few cases of Ta tumors in data 
had however very small effect on the results and conclusions in this study. In the 
published articles, same criteria for classification of patients were used.  

6.1.1  MMP-2 

Today, the prognosis of bladder carcinoma is still mostly being determined by 
stage, grade and multiplicity of the tumor in the bladder. Stage is the most 
powerful effector of prognosis, the others being good markers for recurrence and 
tumor progression. We still use these markers for selection of patient 
management. Many molecular markers are being studied to find more predictive 
markers, but it is not easy to translate these laboratory findings into a clinical 
instrument. 

Matrix metalloproteinases are known to associate with invasion and tumor 
angiogenesis and metastasis of several human malignant tumors. Gelatinases, 
especially MMP-2 and MMP-9, have been shown to be linked to angiogenesis 
and tumor growth (Itoh et al. 1998; Brooks et al. 1998, Hibner et al. 1998). In 
general, the role of MMPs in carcinogenesis seems to be very complex, 
sometimes even controversial, according to some preclinical findings (Duffy & 
McCarthy 1998; Deryugina & Quigley 2006).  

Superficial bladder carcinoma is confined to the mucosal or submucosal 
layers of the bladder wall. According to the WHO classification, superficial 
bladder carcinoma is a non-invasive neoplasia with low malignant potential, even 
though grade 3 tumor is already considered an aggressive disease and therefore 
has more potential for invasiveness and progression. There are at least two known 
pathways for progression and invasion for superficial bladder carcinoma 
1) activation of the receptor tyrosine kinase (RTK)-Ras pathway and deletion of 
chromosome 9, and 2) mutation of fibroblast growth factor receptor 3 (FGFR3) 
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(Wu XR 2005; Wolff et al. 2005). These routes may explain the different invasion 
and metastatic potential of different bladder tumors. In vitro studies have 
indicated that MMP-2 and MMP-9 activity may determine the invasion capacity 
of the bladder carcinoma cell line T24, which contains the activated c-Harvey-Ras 
ongogene (Hamasaki et al. 1998; Kawakami et al. 2001). It is thus possible that 
these proteinases may confer the clinical behavior of bladder carcinoma. There 
are clinical bladder carcinoma studies which have confirmed the preclinical 
findings, showing that gelatinases seem to associate with progression of 
transitional cell carcinoma of the bladder. 

In this study it was shown that MMP-2 protein overexpression in the tumor 
tissue correlates with the aggressiveness of the bladder cancer. It was also shown 
for the first time that the overexpression of MMP-2 correlates to the cause-
specific survival. It seems to be a marker of shortened relapse-free time, although 
the difference was not quite statistically significant, probably due to the low 
number of the cases. The difference was, however, clinically distinct. The 5-year 
disease-free survival was 32% for MMP-2 positive patients and 68% for MMP-2 
negative cases. In a previous publication of Kanayama et al. (1998) it was 
reported that MMP-2 contributes to the invasive properties of bladder carcinoma 
(Kanayama et al. 1998). Moreover, in some studies where gelatine zymography 
was used, the expression of activated MMP-2 was higher in invasive tumor tissue 
(Davies et. al 1993; Kanda et al. 2000). In the study of Kanda et al. (2000), 
proMMP-2 expression was higher in invasive tumor tissue and the high levels of 
active MMP-2 correlated significantly to poor outcome (Kanda et al. 2000). In 
the present material the positive MMP-2 staining correlated significantly to tumor 
stage, but not to grade. The results of other studies trying to correlate MMP-2 to 
grade, stage or invasiveness are very conflicting, regardless of the measuring 
method used (Grignon et al. 1996; Kanayama et al. 1998; Kanda et al. 2000; 
Papathoma et al. 2000). 

6.1.2  MMP-9 

Here, MMP-9 positivity did not correlate to the grade or stage of the tumor, or the 
sex or age of the patients with bladder cancer. In other immunohistochemical 
studies by different investigators, correlation with clinico-pathological parameters 
varies (Grignon et al. 1996; Özemir et al. 1999; Durkan et al. 2003). In the 
present work the patients with a tumor showing a high expression of MMP-9 
immunoreactive protein had a better survival rate compared to patients with 
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negative or low expression. When looking at cancer-specific survival, the patients 
with high expression of MMP-9 in the primary tumor seemed to have better 
survival than patients with negative or low expression, but this association did not 
reach statistical significance (P = 0.272). It is notable, however, that the MMP-9 
overexpression did correlate to the overall survival of the bladder cancer patients. 
One explanation for the discovery in the present study of MMP-9 may be the 
possible role of MMP-9 in immunological host reactions in cancer patients or in 
controlling tumor angiogenesis. It is possible that these factors might dominate in 
early tumor progression. MMP-9, similarly to other MMPs, is produced as an 
inactive, latent form that requires activation for being enzymatically active. 
Stromelysin-1 (MMP-3) is one of the most effective activators for MMP-9. 
(Sternlicht et al. 2001) Other MMPs, such as MMP-2, MMP-7 and MMP-13, as 
well as some serine proteinases are also able to activate pro-MMP-9. MMPs are 
known to be needed in degradation of extracellular matrix and basement 
membranes, but they play also a role in the formation of new capillaries, which is 
essential for tumor progression (Moses et al. 1997). TIMPs, the endogenous 
tissue inhibitors of matrix metalloproteinases, regulate the MMP activity, but they 
have also been found to modulate tumor angiogenesis. It seems that MMPs have a 
complex role in this process, and that certain MMPs also take part in the 
inhibition of revascularization (Cornelius et al. 1998). Certain cancer-related 
MMPs, such as MMP-9, may participate in the inhibition of endothelial cell 
proliferation and angiogenesis. This is due to the fact that MMPs, including 
MMP-9, generate antiangiogenic endostatin-containing peptides from collagen 
XVIII (Heljasvaara et al. 2005). The role of MMP-9 is thus more complicated 
than the role of MMP-2 and somewhat controversial. Scorilas et al. (2001) found 
in their work that overexpression of MMP-9 was associated with better survival 
in breast cancer patients, and they suggested that the balance between latent and 
active MMP-9 could shift towards the active form when the grade of breast 
carcinoma is higher (Scorilas et al. 2001). Our results are in line with this 
suggestion, and it seems that MMP-9 could be a marker of better prognosis in 
some cancer types.  
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6.2 The prognostic role of circulating MMP-2, its inhibitor TIMP-2 
and their complex (MMP-2:TIMP-2) in bladder cancer 

6.2.1 MMP-2, TIMP-2 and MMP-2:TIMP-2 complex in bladder cancer 
patients and in healthy controls 

In the present study, healthy volunteers were found to have higher serum levels 
for proMMP-2, TIMP-2 and of MMP-2:TIMP-2 complex than the bladder cancer 
patients. This is in line with the fact the patients with low levels of circulating 
proMMP-2, TIMP-2 or MMP-2:TIMP-2 complex had poorer survival than the 
patients with high serum levels for proMMP-2, TIMP-2 or MMP-2:TIMP-2 
complex. Healthy volunteers were also found to have higher serum levels of 
activeMMP-2 than bladder cancer patients.  

6.2.2 MMP-2 

The circulating forms of gelatinases and their inhibitors were studied in the 
original articles II and IV. It was found that the patients with high levels of the 
circulating proMMP-2 had significantly better survival compared to patients with 
lower levels of serum proMMP-2. The 5- and 10-year disease-specific survival 
rates were 46% versus 23% and 20% versus 5%, respectively (P = 0.011). In these 
two studies the patients included have more aggressive disease when comparing 
them to two the immunohistochemical studies. That makes it rather difficult to 
compare this material and results. Previously Gohji et al. (1996, 1998) 
investigated the role of elevated serum levels of MMP-2, MMP-3 and TIMP-2 in 
urothelial carcinoma. There were no differences in the serum levels of MMP-2 
between the healthy controls and the patients with superficial bladder cancer, but 
patients with an advanced urothelial carcinoma had significantly higher serum 
levels of MMP-2 than those with superficial bladder cancer. The disease-free 
survival in patients with elevated serum levels of MMP-2 did not differ 
significantly. (Gohji et. al. 1996; Gohji et al. 1998) Instead, Staack et al. (2006) 
found recently that plasma levels of MMP-2 were significantly higher when 
compared between healthy patients and patients with non-metastasized bladder 
cancer and also between non-metastasized and metastasized bladder cancer 
patients (Staack et al. 2006). It seems that the role of MMP-2 in cancer is very 
conflicting. One explanation could be the role of MMP-2 as a potent inhibitor of 
angiogenesis. MMP-2 is able to cleave ECM components, including plasminogen, 
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which leads to angiostatin release and angiogenesis inhibition. (O’Reilly et al. 
1999) Controversially, it has been shown that MMP-2 activity can be blocked by 
anti-MMP-2 vaccination resulting in antiangiogenic activity (Su et al. 2003).  

In the present study we did not find any significant correlation with serum 
active MMP-2 and histological grade, tumor stage or patient’s sex or age.  

Many investigators have tried to find new noninvasive diagnosis methods for 
bladder cancer. Cystoscopy is invasive and inconvenient for patients and quite 
expensive to use in diagnosis, and especially in bladder cancer follow-up. More 
studies have been conducted to investigate urine-based markers than serum 
markers. As a marker, MMP-9 has been more studied than MMP-2 in urine. Some 
studies have shown that high urinary MMP-9 levels associates with advanced 
stage of the tumor. (Bianco et al. 1998; Durkan et al. 2003; Gerhards et al. 2001). 
Only Gerhards et al. (2001) showed in their study a correlation between high 
levels of urinary MMP-2 and tumor grade and stage (Gerhards et al. 2001). In our 
studies we did not find any correlation between the urinary levels of active or 
proMMP-2 or proMMP-9 levels and the clinico-pathological parameters or 
survival of the patients. 

6.2.3 TIMP-2 

No correlation was found in this study between the serum levels of the TIMP-2 
and sex, grade or staging. The present results support the concept that TIMP-2 
levels predict a favorable clinical course in cancer. A strong association with 
survival was found with serum TIMP-2. The 5- and 10-year disease-specific 
survival rates were 66% versus 19% and 18% versus 7%, respectively. For 
instance, high TIMP-2 levels have previously been found to associate with low 
stage in colorectal cancer (Ring et al. 1997). In the study of Monier et al. (2002), 
reduced TIMP-2 and increased levels of active MMP-2 in urine were correlated to 
grade and stage in bladder cancer (Monier et al. 2002) In contrast to these, 
Gakiopoulou et al. (2003) found recently in an immunohistochemical study a 
significant association between stromal expression of TIMP-2 and histological 
grade as well as the advanced stage of urothelial carcinoma. Further, a significant 
correlation between stromal TIMP-2 expression and proliferation marker Ki-67 or 
mutant p53 protein, but not with bcl-2, was seen. (Gakiopoulou et al. 2003)  

It has been shown that TIMPs regulate MMP activity. Recent findings have 
demonstrated that TIMPs also inhibit the mitogenic activity of human 
microvascular endothelial growth factors, such as VEGF-A and FGF-2. Stetler- 
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Stevenson et al. (2008) have demonstrated a cell surface signaling receptor for a 
member of the TIMP family. They suggest that TIMP-2 regulates cellular 
responses to growth factors. (Stetler-Stevenson et al. 2008) The new observations 
show that TIMP-s has other functions besides inhibition of MMPs and that it is 
independent of MMPs. TIMP-2 inhibits MMP-2, but is also required in the 
activation of proMMP-2 (Stetler-Stevenson 1999). 

The present study shows that serum TIMP-2 is a prognostic factor in bladder 
carcinoma and that high levels predict a favorable prognosis.  

6.2.4 MMP-2:TIMP-2 

The imbalance of MMP-2 and its inhibitor TIMP-2 has previously been shown to 
be an indicator of recurrence in urothelial carcinoma. Patients with high levels of 
MMP-2/TIMP-2 ratio measured from the serum of urothelial cancer had a higher 
risk for recurrence than patients with low levels of this ratio (Gohji et al. 1998). 
In the present work, a statistically significant difference in the cause-specific 
survival was also seen between the patients with low and high serum levels for 
MMP-2:TIMP-2-complex (P = 0.0022). It should be noted that in this study we 
measured the MMP-2:TIMP-2 complex, but did not calculate the ratio of these 
two markers. The 5- and 10-year cause-specific survival rates for the patients with 
low levels of circulating MMP-2:TIMP-2 complex were considerably lower than 
for those with a high serum level (20% versus 60% and 7% versus 24%). For 
example Gohji et al. (1998) measured MMP-2 and TIMP-2 levels first and used 
the calculated values to show that a high serum MMP-/2TIMP-2-ratio could 
predict later recurrence in patients with urothelial cancer (Gohji et al. 1998). 

In the present study, it is shown that a decrease in circulating TIMP-2 and 
MMP-2:TIMP-2 complex levels associates with unfavorable survival in bladder 
cancer patients. These results confirm the inhibitory role of TIMP-2. High total 
TIMP-2 serum levels associated with better 5- and 10-year disease-specific 
survival (66% versus 18% and 18% versus 7%, respectively; P = 0.004). The 
differences are also clinically distinct and suggest that this biological marker 
should be considered as a potential prognostic factor in bladder cancer. 
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7 Conclusions 

In the present study, the overexpression of gelatinases and their tissue inhibitors 
was studied in bladder carcinoma. The potential prognostic value of these markers 
was also evaluated. Additionally, the role of the circulating levels of MMP-2, 
TIMP-2 and MMP-2:TIMP-2 immunoreactive proteins was studied in bladder 
cancer patients and healthy controls. 

It is shown here that both circulating and tissue proMMP-2 immunoreactive 
protein and circulating TIMP-2 and MMP-2:TIMP-2 complex are powerful 
prognostic makers in bladder carcinoma. 

The specific conclusions of this study are as follows: 

1. Overexperssion of MMP-2 protein correlates significantly to disease-specific 
survival. 

2. The circulating levels of TIMP-2 and MMP-2:TIMP-2 complex are 
significantly lower in bladder carcinoma patients than in healthy controls. 

3. Tissue MMP-9 expression does not correlate with the tumor stage or grade of 
bladder carcinoma, whereas overexpression correlates significantly to better 
overall survival. 

4. Low circulating serum proMMP-2 predicts a shorter cancer-specific survival, 
and low levels of TIMP-2 and MMP-2:TIMP-2 complex are prognostic 
indicators of shorter cancer-specific survival. 
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