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In cancer cells the increased expression of matrix metalloproteinases (MMPs) leading to tumor invasion and metastases
is recorded. The aim of the study was to estimate the diagnostic value of MMP-2 and MMP-9 levels in urine in relation
to bladder cancer staging. Urine samples from 130 bladder cancer patients have been studied. The group of patients with
transitional cell carcinoma (TCC) (n = 71) consisted of 43 patients with superficial (Ta, T1) and 28 patients with
invasive cancer (T2, T3, T4). Among them, there were 38 patients with highly and moderately differentiated tumors (G1,
G2) and 33 patients with poorly differentiated bladder carcinoma (G3). The group of patients with inflammatory
processes in the bladder consisted of 14 subjects. 45 subjects were recruited for the control group. Detection of MMP-
2 and MMP-9 was done by zymography with gelatine. The results were related to creatinine levels in urine. The upper
cutoff limit in the control group was 277 µµµµµg/g creatinine for MMP-2 and 648 µµµµµg/g creatinine for MMP-9. In the bladder
cancer group the elevated levels of MMP-2 and MMP-9 were revealed compared with the control group (p < 0.001). In
the group of patients with inflammatory processes in the bladder only MMP-9 elevation was detected in comparison with
controls (p < 0.01). The levels of MMP-2 and MMP-9 were significantly increased in invasive cancer compared to
controls and patients with superficial bladder cancer. In addition, the elevation of MMP-2 and MMP-9 was found in
poorly differentiated bladder (G3) cancer compared with the control group (p < 0.001). The sensitivity of zymography
in bladder cancer corresponded to 51 and 31% for MMP-2 and MMP-9, respectively. Our results suggest that the levels
of MMP-2 and MMP-9 in urine correlate with tumor activity. Therefore, the determination of MMP-2 and MMP-9 levels
in urine may have practical importance for diagnosis and evaluation of the progression of bladder cancer.
Key Words: matrix metalloproteinases, bladder cancer, diagnosis, sensitivity, progression, recurrence.

Â îïóõîëåâûõ êëåòêàõ îòìå÷åíà ãèïåðýêñïðåññèÿ ìàòðèêñ-ìåòàëëîïðîòåèíàç (ÌÌÏ), ñïîñîáñòâóþùàÿ èíâàçèè
è ìåòàñòàçèðîâàíèþ îïóõîëåé. Èññëåäîâàíèå ïðîâåäåíî ñ öåëüþ âûÿñíåíèÿ âîçìîæíîñòè îïðåäåëåíèÿ ÌÌÏ-2
è ÌÌÏ-9 â ìî÷å áîëüíûõ äëÿ äèàãíîñòèêè ðàçëè÷íûõ ñòàäèé ðàêà ìî÷åâîãî ïóçûðÿ (ÌÏ). Èññëåäîâàíà ìî÷à
130 áîëüíûõ. Â ãðóïïå ñ ïåðåõîäíîêëåòî÷íûì ðàêîì ÌÏ (n = 71) áûëî 43 ïàöèåíòà ñ ïîâåðõíîñòíîé (Òà, Ò1)
è 28 ïàöèåíòîâ ñ èíâàçèâíîé ôîðìîé ðàêà (Ò2, Ò3, Ò4). Ñðåäè íèõ áûëî 38 áîëüíûõ ñ âûñîêî- è
ñðåäíåäèôôåðåíöèðîâàííûì (G1, G2) è 33 � ñ íèçêîäèôôåðåíöèðîâàííûì ðàêîì ÌÏ (G3). Â ãðóïïå ñ
âîñïàëåíèåì ÌÏ áûëî 14 ïàöèåíòîâ, â ãðóïïå êîíòðîëÿ � 45. Îïðåäåëåíèå ÌÌÏ-2 è ÌÌÏ-9  â ìî÷å ïðîâîäèëè
ìåòîäîì öèìîãðàôèè ñ æåëàòèíîì. Ðåçóëüòàòû êîððåëèðîâàëè c óðîâíåì êðåàòèíèíà â ìî÷å. Âåðõíÿÿ ãðàíèöà
íîðìû â êîíòðîëüíîé ãðóïïå äëÿ ÌÌÏ-2 ñîñòàâèëà 277 ìêã/ã êðåàòèíèíà, à äëÿ ÌÌÏ-9 � 648 ìêã/ã êðåàòèíèíà.
Ïðè ðàêå ÌÏ ïîâûøàëñÿ óðîâåíü ÌÌÏ-2 è ÌÌÏ-9 ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé (p < 0,001). Â ãðóïïå
ñ âîñïàëåíèåì ÌÏ âûÿâëåíî äîñòîâåðíîå ïîâûøåíèå óðîâíÿ òîëüêî ÌÌÏ-9 ïî ñðàâíåíèþ ñ êîíòðîëüíîé
ãðóïïîé (p < 0,01). Ïðè èíâàçèâíîì ðàêå ÌÏ çíà÷èòåëüíî ïîâûøàëñÿ óðîâåíü ÌÌÏ-2 è ÌÌÏ-9 â ñðàâíåíèè
ñ êîíòðîëüíîé ãðóïïîé è ïàöèåíòàìè ñ ïîâåðõíîñòíûì ðàêîì. Ïðè íèçêîäèôôåðåíöèðîâàííîì ðàêå ÌÏ (G3)
óñòàíîâëåíî çíà÷èòåëüíîå ïîâûøåíèå óðîâíÿ ÌÌÏ-2 è ÌÌÏ-9 â ìî÷å ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé
(p < 0,001). ×óâñòâèòåëüíîñòü öèìîãðàôèè ïðè ðàêå ÌÏ äëÿ ÌÌÏ-2 ñîñòàâèëà 51%, äëÿ ÌÌÏ-9 � 31%. Íàøè
ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî ïîâûøåíèå êîíöåíòðàöèè ÌÌÏ-2 è ÌÌÏ-9 â ìî÷å çàâèñèò îò àêòèâíîñòè
îïóõîëåâîãî ïðîöåññà ÌÏ. Ñ ïîìîùüþ îïðåäåëåíèÿ óðîâíÿ  èçó÷àåìûõ ÌÌÏ ìîæíî âûÿâëÿòü ðàê ÌÏ,
êîíòðîëèðîâàòü òå÷åíèå çàáîëåâàíèÿ è îïðåäåëÿòü ïðîãðåññèðîâàíèå îïóõîëåâîãî ïðîöåññà.
Êëþ÷åâûå ñëîâà: ìàòðèêñ-ìåòàëëîïðîòåèíàçû, ðàê ìî÷åâîãî ïóçûðÿ, äèàãíîñòèêà, ÷óâñòâèòåëüíîñòü, ïðîãðåññ, ðåöèäèâ.
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The bladder cancer (BC) is the most frequent form
among the tumors of urinary system. Despite the ac-
tive development of early diagnosis, surgery, effective
schedules of combined therapy and prophylaxis, the
percent of recurrency (27-81%) and progression (24�
38%) in bladder cancer still is very high [12, 17, 26,
32]. That�s why the fundamental research of BC is of
exceptional importance.

It is well known that among the mechanisms of in-
vasion of malignant tumors, the proteolytic destruction
of basal membrane occupies the central place [24]. In
this process the matrix metalloproteinases (MMPs) are
involved. MMPs are taking part in normal physiologic
processes (reparation, placenta growth) but also are
involved in different kind of pathologies (rheumatoid
arthritis, hepatite, myocardial dystrophy and cancer) [13,
14, 24]. The data of experimental research showed that
in cancer of breast, lung, colon and stomach, the hy-
perexpression of MMP is linked to the invasion and
metastasis.

Up to date, 26 MMPs that have different substrate
specificity and different inhibitors (IMMP) that regulate
catalytic activity of the enzyme, are identified. Among
IMMPs, nonspecific inhibitors (α-2 macroglobulin) and
tissue-specific inhibitors (TIMPs � type1�4) are de-
scribed [6, 25, 27]. In normal tissues, the relation of TIMP/
MMP levels is in dynamic equilibrium; in the tumor tis-
sues the levels of TIMPs are decreased [3] and the lev-
els of MMPs are increased. For example, it was de-
monstrated that the levels of gelatinase A (MMP-2) and
gelatinase B (MMP-9) are increased in bladder cancer
[15, 18, 19, 21], gliomas, gastric cancer or ovarian car-
cinoma [7, 20, 23], in the blood plasma and urine during
inflammation [9, 29, 30]. It is known that MMT-2 and
MMP-9 are secreted as latent proenzymes and then
activated by membrane enzymes [4, 28] and inactiva-
ted by TIMPs [11]. Recently, experimental data revealed
the hyperexpression of MMP-2 [10] and MMP-2/MMP-
9 mRNAs [5] in BC. Moreover, the MMP-2 and MMP-9
levels were significantly higher in invasive bladder tu-
mors, than in superficial forms [2, 8].

The research was aimed on the study of MMP-2
and MMP-9 levels in the urine of BC patients in com-
parison with those of healthy donors and patients with
inflammation of urinary tract.

MATERIALS AND METHODS
In total, the urine samples from 130 individuals cured

in the Hospital Charite
/
 were studied. The patients were

divided in 3 groups: 1 group (control) � 45 patients with
varicocele, sex disfunction, testicular adenoma, uroclep-
sia or urolithiasis but without obstruction or infection of
urinary system (4 females, 41 males, medium age � 58);
2 group � 14 patients (6 females, 8 males, medium age �
61) diagnosed with acute cystitis (n = 10) or chronic cys-
titis in the reactive phase) (n = 4) according to anamne-
sis, urine analysis, cystoscopy and biopsy data;
3rd group � patients with transitional cell carcinoma of
bladder (n = 71, medium age � 67) diagnosed after tran-
surethral resection of the tumor according to TNM classi-

fication (1997). The 3 group was divided to the subgroups:
a) Ta�T1 (9 female patients, 34 male patients; Ta, n = 28;
T1, n = 15; medium age � 67); b) T2 (6 female patients,
12 male patients; medium age � 67); c) T > 2 (3 female
patients, 7 male patients; n = 10; medium age � 63).
The distribution by cell differentiation in this group was:
G1, n = 11; G2, n = 27; G3, n = 33.

Urine morning samples were centrifuged at 3000 g
for 10 min at +4 oC and the supernatant was freezed
at � 80 oC until use. The concentration of MMP-2 and
MMP-9 in 12�15 µl of urine sample was estimated by
zymography using 10% SDS-PAGE electrophoresis
[18]. For calibration, the MMP Kit (LKB, Uppsala, Swe-
den) was used. After electrophoresis, the gels were
washed for 2 h in the buffer containing 2.5% Triton X-
100, incubated for 18 h at 37 oC in the buffer containing
50 mM Tris-HCl, pH 7.6, 150 mM NaCl, 10 mM CaCl2,
0.02% NaN3, and stained with Coomassie-Blau. After
destaining, the scanning of the gels was performed with
the use of Scanmaker 4 (Microtek Lab, CA, USA) and
calculated with the use of computer programme (Scion
Corp., Frederick, Maryland, USA). It was supposed that
the bands with high intensity correspond to active form
of MMPs. Also the urine samples were studied: pH,
leucocyte and erythrocyte number, protein and creati-
nin levels were evaluated and tumor cells occurrence
was recorded, too.

The experimental data were evaluated with the use
of statistic programmes Graph Pad Prism 3.0 (Graph-
Pad Software Inc., San Diego, USA) and SPSS 10.0
(SPSS Software, Monchen). Nonparametric data were
calculated with the use of Kruskal�Wallis Test, Mann�
Whitney�U�Test and Spearman�s correlation test. The
results with p < 0.05 were considered as significant.

RESULTS
The analysis using Spearman�s correlation test has

revealed that MMP-2 and MMP-9 levels in urine of
patients from groups 1�3 did not depend significantly
on the age and sex. In the 1st (control) group the medi-
um indexes of MMP-2 and MMP-9 in relation to crea-
tinin concentration were 276.9 µg/g and 648 µg/g, re-
spectively, as it was determined by zymography in 95%
zone of nonparametric data. By the same way, MMP-2
and MMP-9 indexes were determined in the urine sam-
ples from patients from groups 2 and 3. It was shown
that MMP-2 and MMP-9 levels were significantly in-
creased in the urine of bladder cancer patients (Fig. 1);
in the group 2, only MMP-9 level was increased sig-
nificantly. Similarly, the analysis of MMP-2 and MMP-
9 levels in the urine of patients from different subgroups
was carried out. It was shown that the differences be-
tween Ta and T1 subgroups were nonsignificant (p =
0.3 and p = 0.4 for MMP-2 and MMP-9, respectively)
as well as between T3 and T4 (p = 0.1 for both MMP-
2 and MMP-9) (Fig. 2). The concentration of MMP-2
and MMP-9 increased significantly in the urine sam-
ples from patients with invasive BC (T2, T3 and T4)
(see Fig. 2) whilst for superficial forms of BC only MMP-
9 levels increased significantly.
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The results of analysis of MMP indexes in depen-
dence of tumor cell differentiation (Fig. 3) revealed that
the levels of MMP-2 and MMP-9 were significantly in-
creased in differentiated tumor cells (G2 and G3).

 Next, the sensitivity and specificity of MMP-2 and
MMP-9 determination for BC diagnosis was evaluated
and compared with standard cytological study of urine
samples in the patients from 3rd group (Table). Our ana-
lysis showed that cytological study is in total more sen-
sitive (62%) in comparison with MMP-2 (51%) and
MMP-9 (37%) determination, but for invasive forms of
BC MMP-2-assay is more sensitive. The highest sen-
sitivity was revealed in T3, T4 subgroup (70%, 60%
and 33% for MMP-2, MMP-9 and cytological tests,
respectively). For T2 subgroup, the sensitivity of MMP-2
assay was 89%. The specificity of MMP-2 and MMP-9
assays reached 95%.

DISCUSSION
Cystoscopy and cytologic study of urine are com-

monly used methods of BC diagnosis. However, the
standard cystoscopy is an invasive method, has the
sensitivity 78% and doesn�t allow detect early events
in cancer progression or recurrency. The cytological
study is mostly effective in low differentiated tumors of
bladder [1]. That�s why MMP-2 and MMP-9 assays in
the urine samples as new noninvasive and informative

Table. Comparison of the sensitivity of MMT-2 and MMT-9 assays and 
cytological study of urine in bladder cancer diagnosis  

Bladder cancer 
(stages) 

MMT-2 
sensitivity (%) 

MMT-9 
sensitivity (%)  

Sensitivity (%) for 
cytological study  

Òà, Ò1, Ò2, Ò3, Ò4 51 37 62 
Òà, Ò1 30 19 56 
Ò2 89 61 89 
Ò3, Ò4 70 60 33 
Ò2 + Ò3,Ò4 82 61 75 
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Fig. 1. MMP-2 and MMP-9 content in the urine samples
Medium values are shown as horizontal line. The significance of
the differences of the indexes toward control group: à = p < 0.05;
b = p < 0.01; c = p < 0.001

Fig. 2. Comparative analysis of ÌÌÐ-2 and ÌÌÐ-9 content in
the urine of the BC patients.
Medium values are shown as horizontal line. The significance of
the differences of the indexes toward control group: à = p < 0.05;
b = p < 0.01; c = p < 0.001
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Fig. 3. Comparative analysis of ÌÌÐ-2 and ÌÌÐ-9 content in
the urine of the patients with bladder cancer in dependence of
tumor cell differentiation.
Medium values are shown as horizontal line. The significance of
the differences of the indexes toward control group: à = p < 0.05;
b = p < 0.01; c = p < 0.001
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additional methods of BC diagnosis are of special in-
terest.

Our data demonstrated the significant increase of
MMP-2 and MMP-9 levels in the group of patients with
BC in comparison with control group (p < 0.001) (see
Fig. 1). This fact may be used for diagnosis of BC, as
well as MMP-2 assay may be used for differential dia-
gnosis. The statistically significant increase of MMP-2
level wasn�t revealed in group 2 in comparison with
group 1 but it was significantly lower that in group 3
(p < 0.01). MMP-9 content was increased in the urine
of patients with cystitis in comparison with control group,
possibly, due to the activation of MMP-9 during in-
flammation-dependent proteolysis [13, 14]. Also,
MMP-9 content in the urine of the patients with blad-
der cancer was recorded; to exclude the inflammato-
ry-dependent activation of MMP-9, the additional stu-
dies are required. Our results are in accordance with
the data reported in [16].

Earlier, it was shown [2, 5, 16] that MMP-2 and
MMP-9 levels correlates with tumor progression (T)
and levels of tumor cell differentiation (G). Our data
have shown that the increase MMP-2 and MMP-9 le-
vels in the patients of the 3 group were increased in the
comparison with control group (the differences were:
for MMP-2 � p < 0.05 for group 3c and ð < 0.001 for
group 3b, for MMP-9 � p < 0.05 for group 3a and
ð < 0.001 for groups 3b, 3c). Similar results were ob-
tained in subgroups of BC patients differing in the level
of tumor cell differentiation (see Fig. 3): for G2, the dif-
ference was  p < 0.05 for MMP-2 and p < 0.01 for
MMP-9; for G3 �  p < 0.001 for MMP-2 and MMP-9.
Recently Sier et al. [22] demonstrated the high sensi-
tivity of MMP-9 assay for diagnosis of superficial BC
and MMP-2 � for diagnosis of infiltrative forms of BC.
Despite different methods applied in the studies, we
received the similar results; according to data of other
authors [5, 10, 19] as well as our own results one may
conclude that  the low values of MMP-2 and MMP-9
point to the absence of invasive growth and the pre-
sence of low differentiated form of BC. Our data de-
monstrated the significant difference in MMP-2 and
MMP-9 levels between superficial high differentiated
BC (Òà, Ò1, G1, G2) and invasive  low differentiated
BC (T2, T > 2, G3).

The comparison of the sensitivity of MMPs assay
and cytological study (see Table) revealed more high
sensitivity of MMP-2 assay in the case of invasive form
of BC (82% for Ò2, Ò3, Ò4) than that of cytological study
of urine (75%). The data of other authors [1] showed
that the standard cytological study of the urine has low
sensitivity in noninvasive high differentiated BC (nearly
26%) and high sensitivity � in invasive low differentia-
ted BC (80%); the cost of cytological study is few or-
ders higher than the cost of zymography; so, this as-
say is more available for wide clinical application.

In conclusion, our data and the data of other scien-
tists allow postulate that MMP-2 and MMP-9 levels
increase in the urine of BC patients in dependence of
tumor stage and the level of differentiation. The increase

of MMP-2 in the urine points to the presence of inva-
sive form of BC (Ò2 and higher) and high diffrerentiat-
ed form (G3). MMP-9 assay may be useful for dia-
gnosis of superficial form of BC on the stage of scree-
ning but only together with additional studies excluding
inflammation of urinary tract.  MMP-2 and MMP-9 in-
dexes may serve as diagnosis tools for control of BC
progression, and recurrency. Noninvasiveness and high
sensitivity of MMP-2 and MMP-9 assay together with
low cost allow its application on clinical study.
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