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Bladder cancer (BC) is a worldwide common disease with a high mortality rate.
Recognizing the dynamic changes in plasma that proteases and their inhibitors undergo
might be valuable in understanding the carcinogenesis of invasive bladder cancer and
in identifying BC patients with poor prognosis. This study aims to determine the activity
of the proteolytic enzyme system and their inhibitors in patients with BC. In this paper,
the total proteolytic activity, the activity of matrix metalloproteases (MMPs) and serine
proteases was analyzed by the method of caseinolytic activity. For detection of activity
of some inhibitors of proteolysis, we used the unified method for determining the activity
of alpha-l-antitrypsin (alA) and alpha-2-Macroglobulin (a2M) in human plasma.
The level of medium-mass molecules (MMM) was assessed spectrophotometrically
by applying the Nikolaichik method.

The activity of MMPs was elevated in all groups of patients. Moreover, the activity
of serine proteases was found to be enhanced in patients with Stage I, III and IV BC,
while the activity of al A was up by 1.4 and 1.3 times in patients with Stage I and Stage IV.
The most significant increase was observed with regard to the activity of a2M in patients
with I and III stages of BC. In addition, the level of MMM correlated with cancer
stage. Indeed, the highest increase in the activity of protease inhibitors was observed
in Stage I bladder cancer patients, which might signify their protective role at the onset
of the bladder carcinogenesis. In contrast, significant growth in activity of a2M in patients
with III stage of BC may point at a compensatory mechanism that inhibits tumor growth.

INTRODUCTION

Bladder cancer (BC) is a common worldwide disease [1].
Indeed, BC is the ninth most frequently diagnosed cancer
globally, with the highest incidence rates observed in devel-
oped countries. About 75% of all patients with BC are men
[2]. In the progress of the disease, proteases trigger bio-
chemical processes by selective proteolysis of different
polypeptides. Moreover, they participate in interactions
and amplification cascades (deemed the ‘protease web’).
Blood plasma contains several complex proteolytic systems
that participate in the protective and regulatory reactions
of the body [3]. These systems interact with the cascade
regulation principle, which allows, if necessary, to signifi-
cantly accelerate the physiological processes in the body,
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and also to regulate them with specific inhibitor proteins
at each stage [4].

It is a known fact that tumor invasion in surrounding
tissues is accompanied by local secretion of proteolytic
enzymes by tumor cells. Proteolysis involves the breakdown
of proteins into smaller polypeptides or amino acids through
the hydrolysis of peptide bonds by a protease. However, the
role of medium-mass molecules (MMM) as the products
of proteolysis in the development of bladder cancer disease
has not been studied. Parameters of the content of MMM
that are products of excessive proteolysis can serve as an
indicator of BC progression and may be involved in the
pathogenesis of the disease. Proteases provide favorable
conditions for invasion by destroying the intercellular matrix
proteins [5]. Proteolytic activity is affected not only by the
formation rate of proteases, but also by their inactivation
with specific inhibitors. Studies of the proteolytic system
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can, hence, be perspective for improving laboratory methods
of early cancer diagnostic.

The present work aims to investigate specific features
of the proteolytic enzymes system, their inhibitors and level
of MMM in patients with BC at different stages.

MATERIAL AND METHODS

This study enrolled 29 bladder cancer patients (27 males,
2 females), aged from 52-76 years. All patients underwent
standard preoperative study, including blood and urine
analysis, blood chemistry and immunogram, computed
tomography of chest, abdomen and pelvis (with contrast
medium to assess the spread of cancer) and tumor biopsy
with pathological evaluation. BC stages were set up by
adhering to TNM clinical classification as following: Stage I
in 9 patients; Stage II in 7 patients; Stage III in 7 patients;
and Stage IV in 8 patients. All patients had transitional cell
carcinoma of the bladder. The control group consisted of 30
healthy individuals (8 females and 22 males) of respective
age (50-77). All donors and patients (or their respective rela-
tives) were informed about the clinical research protocol.
Informed consent was obtained by applying the Helsinki
Declaration. The clinical research protocol was approved
by the Ethics Committees of the ESC (Institute of Biology
and Medicine) of Kyiv, Ukraine.

The total proteolytic activity was analyzed by applying
the method of caseinolytic activity (with modifications). For
determination of the selective activity of MMPs and serine
proteases, 0.2 mol/l ethylenediaminetetraacetic acid (EDTA)
or phenylmethylsulphonyl fluoride (PMSF), respectively,
were added to the reaction mixture (final concentration) [6].
Subsequently, 0.05 M (pH 7.4) phosphate buffer was added
to 30 ml of plasma to make up a volume of 1 ml. To 30
ml of plasma, 0.05 M (pH 7.4) phosphate buffer was then
added to create a volume of 1 ml. The mixture was stirred
and added to 1 ml of 4 % casein, and then incubated for 30
min in a water bath at +37°C. The reaction was stopped
by introducing 3 ml of 15% trichloroacetic acid, followed
by centrifugation at 2000 rev/min for 30 min. The superna-
tant was selected via optical density and measured at a wave-
length of 280 nm. The control sample consisted of a mixture
of casein, phosphate buffer and respective trichloroacetic
in identical proportions. To prepare 4 % casein reagent,
a sample weighing 4 grams was dissolved in 80 ml 0.05 M
phosphate buffer pH 7.4 and 1.6 ml 1M sodium hydroxide.
The mixture was left at room temperature for 40 min for
swelling and was then boiled 15 minutes in a water bath.
Once cooled, casein Ph was adjusted to 7.4 and 1 M sodium
hydroxide volume was adjusted to 100 ml phosphate buffer.

The activity of a1 A and a2M was determined using the
Nartykova method [7], while the activity of al A was deter-
mined by the method of inhibition of the arginine-esterase
activity of trypsin. Here, Ethyl N2-benzoyl-L-argininate
hydrochloride (1:1) (BAEE) was used as a substrate. Two
experimental samples were prepared; the first contained
1.9 ml of 0.05 M Tris-HCI buffer and 0.1 ml of 0.01%
trypsin solution, and the second contained 1.8 ml of 0.05 M
Tris-HCI buffer, 0.1 ml of the 0,01% solution of trypsin and
0.1 ml of plasma (diluted 50 times). The mixture was kept
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for 5 minutes at +25°C, then 1 ml of 1.5 mM BAEE solution
was added. Following this, the increase in optical density
at a wavelength of 253 nm for measured for 3 minutes, and
from the linear graph of the reaction, an increase in optical
density AD,, for 1 min was found for the experimental and
control samples. The difference between the values of the
experimental and control samples was used to calculate
the activity of alA by applying the formula:

(V,-V) *2.73 « 50/0.01 = number of inhibitory units
per 1 ml of plasma (IU/ml);

where V and V. are the rates of hydrolysis of BAEE with
trypsin in the control and experimental samples, respect-
ively, and equal to the increase in optical density AD,, for
1 min; 2.73 is the calculated coefficient for ascertaining the
amount of BAEE hydrolyzed in the sample under the given
conditions (in pmol); 0.1 — the amount of blood plasma
taken for analysis (ml); 50 — dilution factor.

The activity of 02M was determined by utilizing the spec-
trophotometric method. Here, we measured the arginine-
esterase activity of the complex of trypsin utilizing the a2M
that is formed after the interaction of an excess of trypsin
with blood plasma that was diluted ten times. After this, the
applied soy inhibitor inactivates free trypsin (which is not
bonded with a2M). Herein, to 1.75 ml of 0.05 M Tris-HC1-
buffer pH 8.0, we introduced 0.1 ml of plasma (diluted 10
times) and 0.05 ml of trypsin solution (50 pg); The reaction
mixture was subsequently incubated for 5 minutes at +25°C,
after which 0.1 ml of a soy inhibitor solution (300 pg) was
added. The contents of the cuvette were then mixed and
increased by 1 ml of 1.5 mM BAEE solution. Subsequently,
the increase in optical density at 253 nm was measured for
10 minutes against a control sample that contained only 2 ml
of Tris-HCl buffer and 1 ml of BAEE solution. The activity
of 02M was expressed in standard units in 1 ml of plasma
and was calculated using the following formula:

AD,, +2.73 +10/0.1 + 1 0 = AD, * 27.3 = (IU/ml);

where AD,, is the increase in optical density in a sample
for 10 min, while 2.73 — the estimated coefficient; 10 —
measurement time (min).

The level of MMM was measured by applying the Niko-
laichik method [8]. To the centrifuge tubes, we added plasma
and chloric acid stirred in a ratio of 1:1.2 and centrifuged
for 30 min. at 3000 rev/min. This was then held for 20 min
at a temperature of +4°C, and subsequently centrifuged at
7,000 rpm for 15 min. To the supernatant we then added
5« 10H KOH. Afterwards, the supernatant was pre-sus-
pended with 96% alcohol, and subsequently centrifuged
at 7,000 rpm for 15 min. The supernatant was then col-
lected and diluted 10 times with distilled water. The content
of the test tube was stirred and measured at 254 nm.

The statistical analysis of the obtained results was per-
formed using the methods of variation statistics and cor-
relation analysis. To determine the reliability of the differ-
ences between the two samples, we used the Student test (t).
The results were considered reliable at p<0.05.
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Figure 1. Total proteolytic activity, Matrix metalloprotease
activity,and Serine protease activity (%) in plasma from patients
with BC (mean (SD))

What is more, plasma activity of a1 A was higher by 1.4
and 1.3 times in patients with BC Stages I and IV. However,
the activity of o1 A was decreased compared to controls by
1.3 times in patients with BC Stage III. In addition, plasma
activity of 02M was significantly higher (by 3 and 3.6 times)
in patients with BC Stages I and III, compared to controls,
while in patients with Stages II and IV BC, activity of a2M
was increased by 1.7 and 1.4 times, respectively (Figure 2).
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*p<0.05 compared with the control value
Figure 3. The level of medium-mass molecules (standard units)
in plasma patients with BC (mean (SD))

DISCUSSION

Proteolytic enzymes are factors of progression in onco-
genesis. Increased total proteolytic activity is associated with
tumor invasion and this process provides proteases that are
associated with tumor cells. Proteases stimulate angiogen-
esis and promote metastasis by destroying the extracellular
matrix and basal membrane of healthy cells [9,10].
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The role of serine proteases in oncogenesis is to activate
other proteases of angiogenic and antiangiogenic growth
factors. Serine proteases can both stimulate and inhibit the
proliferation of malignant cells, and either support or repel
invasion, metastasis, angiogenesis and proteolytic degrada-
tion of the extracellular matrix components in the area of
a tumor. These enzymes catalyze the hydrolysis of a peptide
bond [4], while serine proteases regulate neoplastic pro-
cesses by activating transmembrane signal proteins, such
as protease-activated receptors (PARs) [4,11].

In these processes, in the tumor tissue, the proteolytic
cascade activation of plasminogen (which belongs to the
serine proteases) plays a central role both in the local spread
of the tumor and in the progression of metastasis in distant
tissues and organs. The process of plasmin formation gener-
ally is a cyclic amplification that is regulated by the principle
of feedback. In the protease multistage chain that leads to
the destruction of the extracellular matrix, the plasminogen
activators of urokinase-type (uPa) and uPA receptors play
key roles, and are present on the cell surface. When the
plasminogen activator binds to it, the uPA ability to activate
plasminogen is increased [12,13].

Over the last years, the relevance of the MMPs family
in cancer research has grown considerably. These enzymes
were initially associated with the invasive properties
of tumor cells, owing to their ability to degrade all major
protein components of the extracellular matrix and basement
membranes; however, further studies have demonstrated
the implication of MMPs in the early steps of tumor evolu-
tion, including stimulation of cell proliferation and modula-
tion of angiogenesis. MMPs allow local expansion of the
tumor mass through the disruption of normal tissue structure
and facilitate the invasion of blood vessels and lymphatics
by metastatic cells, thus promoting tumor spread [14].

MMPs secretion and activation seem to result from
a specific interaction between tumor and stromal cells. The
breakdown of tissue architecture mediated by these acti-
vated enzymes allows the primary tumor to expand, invade
the neighboring blood vessels and spread to distant sites
in the body. Invasive growth in these secondary sites also
appears to be facilitated by the action of MMPs [15].

Normally there is a dynamic equilibrium between pro-
teolytic enzymes and their inhibitors. In pathological con-
ditions, excessive activation of proteolysis is an important
pathogenetic link in the development of destructive, inflam-
matory and allergic reactions, and one of the growth factors
of malignant tumors [9]. The observed increase in inhibiting
activity in plasma from patients with Stage I BC is probably
a natural reaction to the activation of proteolysis and can be
considered a protective mechanism against tumor invasion
[16].

Zeyad El-Akawi, ef al. have shown that the level of alA
increases in the blood serum of patients with oncological
diseases, namely, cancer of gastrointestinal tract, prostate,
bladder, brain, biliary tract, mammary glands and pancre-
atic adenocarcinoma [17]. Herein, a2M was discovered to
be a protein that can bind practically all known hydrolases
without blocking their active center [18,19]. Furthermore,
02M was found to transport biologically active compounds
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and regulate their binding to specific cell receptors, which
gives it the properties of a universal immunoregulator [20].

The activity of this inhibitor was ascertained to increase
due to the presence of macroglobulin (signal) receptors on
the surface of tumor cells. The signal receptor initiates pro-
liferation of target cells in reaction with a2M, by protein
kinases activating and phosphorylation reactions. It is impor-
tant to note that modified forms of a2M are involved in
the formation of complexes, and these forms can supply
regulating substances to tumor cells [21,22]. In patients with
IV stage BC, we observed a decrease in the activity of a2M
against the background of elevated al A activity. A decline
in a2M activity is probably an unfavorable prognostic factor
for a cancer patient, as it is known that a2M bears cytotoxic
property towards cancer cells. [23]. The direct antitumor
activity of 02M is effected via inhibiting the proliferation
of transformed cells, while indirect activity is generated
through the immune system.

The systemic effect of the tumor onto the body plays an
important role in processes of oncogenesis. Tumor growth
is accompanied by the development of endogenous intoxica-
tion, which result is the accumulation of intermediate and
final products of disturbed metabolic processes in biological
fluids and tissues. Among these products, that of MMM are
predominant. Oncogenesis disturbs the balance between
the synthesis of proteases and their inhibitors, resulting in
increased proteolytic activity and increased concentration
of MMM in the blood plasma [24].

MMM is a type of combination with molecular mass up
to 5,000D. MMM are divided into two big groups — low and
average molecular mass substances, mostly of non-protein
origin, and oligopeptides (median-molecular peptides)
with molecular weights not exceeding 10-15 kD [25,26].
MMM affect the condition and functioning of all systems
and organs. The structure of MMM is similar to regulatory
peptides that can connect and block cell receptors, thereby
changing their functions and intracellular metabolism [27].
The concentration of MMM increases in the correlation with
stages of oncogenesis and the severity of patients’ condi-
tions. Our research results show that MMM indicators can
be valuable in predicting and diagnosing stages of bladder
cancer. However, MMM cannot be used as molecular onco-
markers, since their concentration depends not only on the
progress of carcinogenesis, but also on many other patholog-
ical conditions. Overall, however, it is possible to determine
the intensity of tumor endotoxication, stage of oncogenesis
and emergence of metastasis before surgical treatment by
determining the degree of protease activity and the level
of MMM concentration.

CONCLUSION

The variable activity of al A and a2M in plasma patients
with different stages BC indicate the important role of these
proteins in the pathogenesis of BC. Consequently, tumor
growth and invasion are accompanied by activation of pro-
teolysis system components in blood plasma. The concentra-
tion of inhibitors of these enzymes become higher in blood
because this is an adequate response to increased protease
activity. Such effect is especially visible in patients with BC
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Stage I. In contrast, in plasma patients with BC Stage III
the increased activity of a2M may indicate the activation
of a compensatory mechanism that inhibits tumor growth.
The results of studies of proteolysis indicators and endog-
enous intoxication in blood plasma indicate that these can
be used for predicting oncogenesis and evaluating the effec-
tiveness of treatment.
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