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Summary
Background: Serum cathepsin B activity has been considered a potential marker of tumor progression. We

previously demonstrated that low-frequency electromagnetic stimulation (LF EMS), called
bioresonance therapy (BRT), may both accelerate and inhibit the growth of transplantable
hepatoma (Morris type 5123D), including total tumor regression. The aim of this study was to
assess serum cathepsin activity during tumor progression and regression.

Material/Methods: Of 60 female rats inoculated with Morris hepatoma cells, 45 were treated with BRT, and the
remaining 15 were left without treatment. Fifteen rats without inoculated tumors served as
controls. Serum cathepsin B activity was determined, tumor volumes were measured, and his-
tological examinations of the tumor tissues were performed.

Results: Of the 45 BRT-treated rats, tumor regression was observed in 31 rats, and serum cathepsin
activity was analyzed in these rats. In all non-treated rats, tumor progression was observed.
Serum cathepsin B activity was significantly higher in both the BRT-treated group (27.8±4.1
U/I, p<0.01) and the tumor-bearing group (19.9±2.5 U/l, p<0.05), as compared to the con-
trols (13.3±3.4U/l).

Conclusions: Cathepsin B may play an important role, not only in tumor expansion, but also during the
processes of cancer cell death and resorption. High circulating levels may thus correspond to
effective therapeutic response in the course of antitumor treatment.
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BACKGROUND

Cathepsin B (EC 3.4.22.1) is a lysosomal cysteine pro-
tease. Under normal conditions it takes part in the
degradation of proteins, which enter the lysosomal sys-
tem through endocytosis, phagocytosis or autophagia
[1,2]. Cathepsin B acts both as an endopeptidase and
peptidildipeptidase, thus participating in both early and
late stages of protein degradation [3]. The role of
cathepsin B in the process of cancer invasion and metas-
tasis has been under discussion for more than ten years
[4,5]. Increased cathepsin B expression has been obser-
ved in the proliferating blood vessels during glioblas-
toma and prostate cancer progression, which may indi-
cate that cathepsin B participates in angiogenesis [6,7].
The participation of this enzyme in the process of metas-
tasis seems to be confirmed by the fact that its membrane
activity has been detected in metastatic melanoma and
colon cancer cells. Inhibition of extracellular cathepsin B
activity by oral administration of a soluble selective
enzyme inhibitor causes significant reduction in the
number and dimension of colon cancer metastases in rat
liver lobes [3,8]. It has also been reported that some can-
cer cells are able to produce the pro-enzyme, pro-
cathepsin B [3]. However, there are also several reports
in which cathepsin B activity has been found to be
unchanged in tumors compared to non-tumor tissues
[9]. Furthermore, increased serum cathepsin B activity
has been found in patients without neoplastic diseases,
for example in patients with liver cirrhosis [10], and
some authors emphasize its participation in inflammato-
ry processes, such as pneumonia, pancreatitis, or hepati-
tis [11,12]. Moreover, there are some published reports
in which the correlation between carcinoma progression
and cathepsin B is not unequivocal [13,14]. Thus it
remains unclear whether increased cathepsin B activity
in body tissues and liquids could be used as a biochemi-
cal marker of tumor progression.

The aim of our study was to assess cathepsin B activity
in different phases of tumor regression, in order to shed
more light on cathepsin B as a tumor marker. For this
purpose, rats were transplanted with Morris hepatomas,
and tumor regression was induced by low-frequency
(LF) electromagnetic (EM) stimulation, known as biores-
onance therapy (BRT) [15-18].

MATERIAL AND METHODS

Animals: The study was carried out on 83 rats of Buffalo
breed, females, age 4 months, body mass 210.0±15.0 g.
The animals were kept in plastic cages with a liner of
wood shavings. The cages were placed in a ventilated
and illuminated room at a temperature of ca. 22°C. The
animals were fed with standard laboratory granules and
water ad libitum.

The study was focused on Morris tumors (hepatomas,
5123 D), maintained by serial passage in the animal lab-
oratory of the Department of Pathological Anatomy,
Wroc∏aw Medical University. Morris hepatoma is a
transplantable tumor derived from rat hepatocytes. The
5123 variant is moderately differentiated, grows locally,

and gives early metastases to the lungs [19]. According
to standard passage procedure, the tumor was excised
from the tumor-bearer 3 weeks after implantation. All
connective tissue and necrotic foci were removed. A
homogenous mass was prepared from the tumor sample
in a glass vessel, under sterile conditions.

An electronic device (BICOM, version 4.1, model B 15,
manufactured by REGUMED Regulative Medizintechnik
Gmbh, Graefelfing, Germany) was used in our experi-
ments. This device is an EM wave modulator designed
for the needs of specific EM stimulation, known as
bioresonance therapy (BRT). It contains 3 basic ele-
ments: (a) input (b) signal processing circuits and (c) out-
put. The input signal (described as endogenous) is consid-
ered to originate from biological objects that are placed
in direct contact with the specially designed electrodes.
In this experiment, flat electrodes with gold-plated brass
on top were applied, insulated on the bottom by a cork
layer, with magnetic foil between the cork and the brass
layer. The signal processing circuits are made of the fol-
lowing optionally activated components:
• 1 low- and high-pass filters that enable regulation of

the transmitted band in the range 10 Hz – 1 kHz and
1–150 kHz respectively

• 2 phase inverter
• 3 absorption filter (patent-protected molecular filter)
• 4 amplifier/attenuator (range: 64–0.025 times)
• 5 a system enabling sweeping of the whole transmitted

frequency band (10 Hz–150 kHz), consisting of (i)
wobbulator and (ii) tuned pass band filter character-
ized by a frequency range covering one octave around
the fine-tuning frequency, in a pre-defined cyclic peri-
od (3–18 sec).

Output signal (i.e. input signal subjected to modulation
and transmitted to the output) is emitted by an identical
electrode, and connected to the output lead of the
device. Modulation parameters and exposure time can
be pre – programmed on the front panel.

Figure 1 presents the general trial profile. Tumor ho-
mogenates were intramuscularly implanted in 73 female
rats in the form of injections into the right femoral re-
gions (dose volume: 0.3 ml).

We decided to use the following model of EM stimula-
tion: 3 individuals were randomly selected to be placed
during experimental exposure in a plastic cage with the
input electrode at the bottom, thus serving as a source of
input signal for BRT (Group I in Figure 1). 60 females
were divided into 4 equal groups (15 individuals each),
three experimental (A,B,C) and one control (R). During
exposure, the individuals from groups A–C were placed
on the output electrode in a plastic cage (max. 3 at a
time). The following exposure parameters were applied:
1. Group A – tuned pass band filter on, sweeping time 3

sec, phase inversion on, amplification 64×, exposure
time 15 min.

2. Group B – as above, except for amplification 8×.
3. Group C – combined parameters for group A and B,

i.e. amplification 64×15min and then amplification
8×15 min (total time: 2×15 min).
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Figure 1. Trial profile. Rats were divided into the following groups: A,B,C – experimental groups (injected initially with Morris tumor, BRT – treated from
the 3rd till 18th day, observed for 63 days; survivors were classified as tumor regression and subsequently anaesthetized, blood samples were
collected directly from the left ventricle, and histological investigations were performed), I – ‘input group’ (injected with Morris tumor, placed
on the input electrode during all BRT – exposures from the 3rd till 18th day i.e. untreated, no systematic biometric observations were performed,
presence of growing tumor was confirmed by palpation), R – first control group (injected with Morris tumor, untreated, observed till natural
death – about 4–5 weeks– and only final histological investigations were performed), S – second control group (injected with Morris tumor,
untreated, observed till the 21st day after tumor inoculation, anaesthetized, blood samples were collected directly from the left ventricle, and
no histological investigations were performed), group N – third control group (not injected, untreated, blood samples collected as above).
Blood samples (groups A,B,C – regression only; groups S and N – all animals) were used to determine serum cathepsin B activity by Barett’s
fluorimetric assay. Histological investigation was carried out using cuttings from the primary tumor locus (1) and the lungs (2).
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EM stimulation was carried out daily for a total of 14
days, beginning with the day 3 (i.e. days 3–18, exclud-
ing Sundays). The animals were observed for 63 days (9
weeks) i.e. double the mean survival time of unexposed
tumor-bearing rats. In order to monitor tumor growth
in groups A–C and detect tumor regression, a biometric
method was applied. As Morris hepatoma is a solid
tumor and grows locally, tumor volume can be estimat-
ed in vivo according to the following formula:

V= l × w2/2

where l = vertical length and w = horizontal width.
Measurements were made initially on day 9 and subse-
quently at 3-day intervals. On the 63rd day, all the ani-
mals that had survived the observation period and bio-
metrically demonstrated complete tumor regression
(the regression group) were anesthetized with ether.
The thorax was opened and a blood sample from the
left ventricle was collected. The amputated right hind
limbs containing the implantation locus were saved for
further histological investigation, which included exami-
nation of paraffin cuttings from central and peripheral
zones around the implantation locus. The specimens
were stained with hematoxylin-eosin (HE). Morpho-
logical assessment was carried out using an Jenaval
microscope (Carl Zeiss Jena GmbH, Jena, Germany)
and the Multi Scan version 5.10 picture analysis system
(Computer Scanning System Ltd, Warsaw, Poland).

A group of 10 implanted and unexposed animals (S)
formed a separate control group (apart from the control
group R) for determination of serum cathepsin B-like
activity in tumor-bearers with fully developed hepatoma.
Another group, consisting of 10 non-implanted and non-
treated individuals (N), served a reference group, used
to determine basic enzyme activity in rats. Blood samples
were collected on the 21st day after tumor implantation,
according to the same procedure used for the regression
group (see above).

Serum from the blood samples was used to determine
cathepsin B –like activity. Enzymatic activity was estimated
according to the fluorimetric assay by Barret in the pres-
ence of N – α – carboxybenzoyl – Arg – Arg – 7 – amido –
4 – methylcoumarin (synonym: Z-RR-AMC; MDL num-
ber: MFCD00133576, Sigma-Aldrich, USA) as a substrate
[20]. The reaction mixture was composed of 0.5 ml of the
investigated material (serum diluted 1:10 with a 0.1 % Brij
35 solution) and 0.25 ml of 0.4 M phosphate buffer, pH

6.0, which contained 4 mM Na2EDTA and 8 mM cysteine
hydrochloride added ex tempore. After 5 minutes of pre-
incubation at 40°C, 0.25 ml of 20 µM substrate was added,
followed by 20 min. incubation at the same temperature.
The enzymatic reaction was stopped by adding 1.0 ml of
interrupting reagent, containing 100 mM natrium mono-
chloroacetate in pH 4.3 buffer. Each actual test was com-
pared to a blind trial, in which the investigated material
was added after enzymatic reaction had been interrupted.
The fluorescence of the reaction product was measured
using an LS 50B Perkin-Elmer Spectrofluorimeter with an
activation beam of 370 nm and an emission peak of 460
nm. The results are expressed in U/L, where one unit (U)
of activity is defined as the amount of enzyme degrading 1
nmol of substrate per min in the given conditions.

Statistical analysis

Statistical analysis was performed using Statgraphics
Plus 6.0 for DOS software (Manugistics, Inc, Rockville,
Maryland, USA). The Hypothesis of Two Means Equ-
ality was applied (TWOSAM procedure) with estimation
of the significance level (assuming p<0.05 as signifi-
cant). Mean value and standard deviation were calculat-
ed for each value.

RESULTS

The tumor growth rate was significantly reduced in the
exposed groups (A–C), where two phenomena could be
observed in alternation:
1. Successive tumor regression after an initial period of

slow progression, with a critical date between day 17 and
21. From this date onwards the regression processes
dominated, resulting in a total decay of tumor mass.

2. Tumor growth deceleration, associated with a longer
survival time compared to control group (slow-grow-
ing tumor).

Table 1 shows the results of biometric observation, which
was continued until day 21. After this date, these two
processes led to regression of the tumors in many animals;
in some cases, there was slow progression with subsequent
death. The survival rates were as follows: 9 rats in group
A, 10 rats in group B, and 12 rats in group C. Thus, out
of 45 BRT-treated rats, we observed total tumor regres-

BR
Day Group A Group B Group C Group R

11
14
17
21

4.7±1.9*
5.6±2.0*
7.0±2.7*
6.9±3.3*

4.6±2.4*
6.4±3.1*
7.4±4.2*
7.3±4.6*

4.5±1.2*
6.7±2.0*
8.0±3.1*
8.2±3.7*

8.5±3.0
13.7±3.8
17.0±4.3
22.9±5.8

Table 1. Mean tumor volume (ml) in the experimental groups vs.
controls (R) during the first 3 weeks of observation after
tumor inoculation.

* p<0.001
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Figure 2. Tumour growth dynamics – group C vs. R.
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sion in 31 rats (70%). The mean survival time for the rats
with no tumor regression was 56.6±7.4 days.

At the same time, the rapid progression of all implanted
tumors was observed in the control group (R). The
mean survival time in this group was 38.7±6.5 days.

Figure 2 presents the tumor growths in one selected
experimental group (C) versus the control group (R)
during the four weeks after tumor inoculation, that is,
the period of tumor progression and the initial period
of tumor regression in the BRT-treated rats.

The histological investigation of the implantation loci in
the ‘regression group’ revealed traces of tumor absorp-
tion, in the form of resorptive granulomas associated with
hemosiderine deposits and intensive chronic inflammato-
ry process, with macrophages and foam cells dominating
the picture (Figure 3). In some cases, nests of entirely or
almost entirely necrotic hepatoma cells were observed,
surrounded by embankment of macrophages and giant
cells accompanied by granulocytic and foam cell infiltra-
tion. Even here, both hemosiderine deposits and calcifica-

tion foci were detected (Figure 4). It was also observed
that no lung metastases were present in the lung sections.

As can be seen in Table 2, cathepsin B activity in the
regression sub-groups A, B and C, i.e. in those cases
where total tumor regression was observed and con-
firmed by histological investigation, proved to be consid-
erably higher than in the tumor-bearing rats (group S,
characterized by the presence of developed tumor and
metastatic foci). But in the latter group, cathepsin B
activity was in turn significantly elevated when compared
to activity in normal, i.e. non – implanted rats (group N).
Moreover, no significant difference in cathepsin B activi-
ty was observed between the three sub-groups. Figure 5
shows the mean value for these groups (27.0±3.8 U/l)
compared to group S (19.9±2.5 U/l, p<0.05) and group
N (13.3±3.4 U/l, p<0.01).

DISCUSSION

Ours is the first study, as far as we know, to examine
serum cathepsin B activity, a potential tumor marker, in
an experimental model in which both tumor progres-
sion and regression could be induced. The main finding
was that both tumor progression and regression were
associated with increased serum cathepsin B activity.
Increased serum cathepsin B activity has been described

Group (number) Enzymatic activity (U/l)

A (n=9)
B (n=10)
C (n=12)
S (n=10)
N (n=10)

26.4±3.5**
26.7±3.8**
27.8±4.1**
19.9±2.5*
13.3±3.4

Table 2. Cathepsin B activity during tumor regression (A-C)
as compared with tumor-bearing animals (S –day 21)
and normal rats (N).

*   p<0.05;
** p<0.01

Figure 3. Implantation locus: resorptive granulomas and hemosiderine
deposits. No trace of intact hepatoma cells can be found (HE,
120×).

Figure 4. Implantation locus: coagulative necrosis of hepatoma cells
with calcification foci and resorptive giant-cell reaction (HE,
120×).
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not only during tumor progression [4–7,10], but also in
non-tumor conditions, such as inflammatory diseases
[10–12], which weakens the hypothesis that serum
cathepsin B activity can be used as a tumor marker. The
mechanisms behind the rather unexpected finding of
higher serum cathepsin B activity in rats with tumor
regression than in rats with tumor progression will be
discussed below.

BRT-induced tumor regression seems to involve two dif-
ferent processes: (i) effective immunological response
and/or (ii) tumor cell death. The latter may be due to
either apoptosis or necrosis. At the present stage, howev-
er, it is not possible to specify which of these alternatives
is correct. But this leads us directly to the crucial prob-
lem: why does regression influence cathepsin B activity?

Unexposed tumor-bearers demonstrated higher serum
activity than non-implanted animals, and this result was
of course expected, since elevated enzyme activity has
been reported in various rat tumors [21,22]. Cathepsin
B’s role in tumor expansion is well established, and has
been confirmed in such processes as local tumor
growth, invasion, migration, and angiogenesis [23,24].
However, the determination of serum cathepsin B activ-
ity in the final phase of complete tumor regression
brought surprising results: the activity of this enzyme
was significantly increased as compared to tumor-bear-
ers (+34.2%, p<0.05). What are the possible explana-
tions of this apparent anomaly? We have found two
potential answers:
1. Cathepsin B, as a component of macrophage lyso-

somes [3], takes an active part in the process of tumor
resorption. This leads to high circulating levels. In
one recent report, increased activity and content of
cathepsin B has been described in tumor tissue after
implementation of antitumor therapy [25].

2. This enzyme may play a crucial role in tumor cell
apoptosis and/or necrosis. Several studies show that
TNF–α mediated cell apoptosis (esp. as regards tumor
cells) inevitably requires cathepsin B participation,
including the final phases of execution and the display
of phagocytosis markers [26–28]. TWEAK-induced cell
death by necrosis, in which cathepsin B passes from
lysosomes to cytosol, has also been seen to be intermit-
ted by cathepsin B inhibitor [29]. According to a quan-
titative model, a weaker stimulus would trigger a limit-
ed release of lysosomal enzymes to the cytoplasm, fol-
lowed by apoptotic death, whereas a stronger stimulus
would lead to a generalized lysosomal rupture and
rapid cellular necrosis [30]. Transformed cells demon-
strate high protein turnover, which seems to involve
increased lysosomal efficacy. Thus cathepsin B would
constitute an extremely sensitive element of the system,
which when stimulated would act destructively upon
malignant cells, leading either to apoptosis or necrosis.

In our study, the histological investigation seems to
point to the process of coagulative necrosis followed by
intensive tumor resorption. Cathepsin B’s role as
regards the observed tumor growth stages may there-
fore be dual: pro-invasive during tumor progression,

and pro-apoptotic/necrotic when an external factor (EM
stimulation in this case) is applied.

CONCLUSIONS

Cathepsin B may play an important role not only in
tumor expansion, but also during processes of cancer
cell death and resorption. Its high circulating levels may
thus correspond to effective therapeutic response in the
course of antitumor treatment.
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