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In the course of neoplastic diseases changes in the 
activity of various enzymes are found. Disturbances 
of lysosomal and antioxidant enzymes activity are 
frequently detected in the organism even before the 
appearance of morphological changes specific for a 
given neoplasm. 

Transformations of normal cells into cancer cells, 
tumor growth (proliferation of cells and their invasion 
of the adjacent tissues) as well as cancer cell migra-
tion leading to the formation of distant metastases, 
are all long-term processes. In these processes the 
cancer cell must overcome a series of natural pro-
tective barriers of the organism, which is defending 
itself. The neoplasm’s ability to break through that 
protective barrier of the system depends to a large 
extent, together with many other factors, on lysosomal 
proteases activity [12, 27]. 

Cathepsins are indispensable for the growth and 
functioning of the organism, but their high activity may 
lead to many diseases [1, 20, 25]. The presence of 
cathepsin D (CTSD) has been demonstrated in the cells 
of mammary tumors, malignant melanoma, cancer of 
the larynx and of the reproductive system, as well as 
in proliferating mastopathic cells [30]. CTSD plays a 
significant role in neoplastic proliferation, it stimulates 
mammary tumor growth and proteolytic degradation 

of various tissue structures such as proteoglycans and 
basement membranes. Cathepsin D activity in the cytosol 
of mammary cancer cells is 8 to 16 times higher than that 
in normal mammary cells [7]. A higher CTSD activity has 
been noted in 56% of primary mammary cancers and in 
5% of non-malignantly transformed cells. A direct rela-
tion between CTSD activity and the metastatic potential 
of tumors has been demonstrated [28].

The determination of CTSD activity in patients with 
mammary carcinoma is an equally important prog-
nostic marker as the determination of cellular ploidy. 
CTSD is a reliable biochemical indicator, showing how 
aggressive a tumor is. The activity of CTSD is also a 
valuable prognostic marker in patients with mammary 
carcinoma who have metastases in the lymph nodes, 
especially when combined with the determination of 
progesterone receptors [15, 28].

An increase in CTSD activity is found not only in 
the primary tumor lesion but also in other tissues. A 
high CTSD activity can be observed in tumor tissue, in 
the adjacent tissues and in blood serum. High CTSD 
activity positively correlates with neoplastic cell pro-
liferation. A high CTSD activity has been found in the 
blood serum of patients in disease-free periods until 
relapse [24, 26]. 

In neoplastic diseases a disturbance in the quan-
tity and quality balance between proteases and their 
inhibitors plays an important role in the formation of 
a neoplasm. The concentration of protease inhibitors 
changes in patients with brain and large intestine can-
cers [5]. A low level of cysteine protease inhibitors is 
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an unfavourable prognostic indicator in the course of 
neoplastic disease, as in these patients metastases in 
the lymph nodes occur frequently. 

In a normal cell protease activity is regulated by 
inhibitors, due to which the balance is maintained 
between the activity of the enzymes responsible for 
proteolysis and an adequate concentration of protease 
inhibitors protecting cells from autolysis. There are two 
basic groups of protease inhibitors: serine inhibitors 
(serpins) and metalloprotease inhibitors (tissue inhibi-
tors). The first group includes a1-antitrypsin (AAT), and 
a1-inhibitor of plasmin and of cytostatin. The second 
group of inhibitors includes metalloprotease tissue 
inhibitor type I [5, 10]. AAT is a serine protease inhibi-
tor that inhibits unspecific plasmins and, at the same 
time, is a plasminogen and elastase activator. 

Serine proteases and their inhibitors, the serpins 
are involved in a number of different pathways in the 
body including anticoagulation, fibrinolysis, inflamma-
tion, wound healing, tissue repair and metastasis [3]. 
They seem to modify the invasion capacity of cancer 
cells by fibrinolytic pathway [13, 14]. Involvement of 
two physiological plasminogen activators (PA), the 
tissue type PA (t-PA) and the urokinase type PA (u-PA) 
is commonly described in cancer patients [18].

High CTSD activity and low level of inhibitors, 
including cystatins with a metastatic cell phenotype, 
may facilitate the invasion of neoplastic cells and the 
formation of metastases as well as the recurrence of 
the neoplastic disease after the excison of the primary 
tumor. 

Human mammary cancer cells synthesise and 
release various substances modulating tumor growth, 
e.g. AAT, the most important elastase inhibitor in blood 
serum. AAT synthesised by mammary cancer cells 
blocks the release of tumor growth factor-a (TGF-a) by 
mammary carcinoma cells, and thus acts as a suppres-
sor with respect to breast tumor cells [34]. Deficiency 
of AAT is a cause of mammary cancer invasiveness. 
The determination of this inhibitor should also be taken 
into consideration in the familial form of breast cancer 
[19]. High protease activity induces cancer cell inva-
sion, accelerates tumor growth and is also a factor ac-
celerating the formation of metastasis. It is supposed 
that one of the mechanisms by which protease inhibi-
tors act, is their effect on the immunological system. 
The functions of some immunological cells change 
under the influence of inhibitors, and thereby intracel-
lular antiprotease protection decreases since AAT has 
an immunosuppressive effect. Protease inhibitors are 
therefore a factor inhibiting tumor growth.

The aim of the present study was to determine the 
activity of cathepsin D and AAT in the blood serum of 
women suffering from mammary carcinoma.

PATIENTS AND METHODS
The study was conducted on 52 women with an 

unilateral breast tumor (carcinoma ductale invasivum 
mammae) attending the Regional Centre of Oncol-
ogy in Bydgoszcz (an average age of 58, ranging 

from 34 to 84). The tumor diameter in these women 
varied from 1 to 10 cm and the number of metastases 
in the axillary lymph nodes varied from 0 to 20. The 
patients with mammary carcinoma were divided into 
two groups, according to the number of metastases 
and tumor size. Group I consisted of 32 patients with a 
tumor of 1–2.5 cm in diameter (on average 1.91) and 
with 0–3 metastases in the axillary lymph nodes (the 
average number of metastases being 0.94). Group II 
involved 20 patients with a breast tumor of 2.8–10 cm 
in diameter (on average 4.05) and 4–20 metastases in 
the axillary lymph nodes (on average 7.95).

The blood samples were taken from the cubital 
vein 1 day before the surgery, 2–3 days following the 
excision of the breast tumor and about 6 months later, 
during the check-up. One set of control blood samples 
was obtained from 20 healthy women without any 
known disease with an average age of 56. The women 
from control group underwent a preliminary screening 
of breast cancer by mammography and clinical breast 
exam, and no abnormal findings were revealed. Ve-
nous blood was placed in dry sterile tubes in order to 
obtain blood serum. The serum was then frozen and 
kept at the temperature of –20 °C until the activity of 
CTSD and AAT was evaluated.

Cathepsin D activity was determined according to 
the Anson method [8], while AAT activity was deter-
mined using the method of Eriksson [31]. CTSD activity 
was expressed in 10-2 nM of tyrosine released during 
hemoglobin hydrolysis per mg of protein per min, and 
AAT concentration was expressed in mg inhibited activ-
ity of trypsin in 1 ml of blood serum. 

The studies obtained the agreement of The Local 
Bioethical Committee at The Ludwik Rydygier Medical 
University in Bydgoszcz. 

All the data were statistically analysed by means of 
a one-way ANOVA test with a post hoc comparison of 
the mean values by the RIR variant and using Tukey’s 
assay for uneven group numbers. In the present study 
correlation coefficients of all the examined biochemi-
cal parameters and of the clinical data have also been 
calculated. For all the analyses the statistically signifi-
cant level of p < 0.05 was accepted. 

RESULTS
The activity of CTSD in the blood serum of all the 

examined women is shown in Table 1. This enzyme’s 
activity in the blood serum of the control group was 
6.8 x 10-2 nM of tyrosine while in the patients’ blood 
it was 13.9 x 10-2 nM of tyrosine. This difference is 
statistically significant (p < 0.001).

2–3 days following the surgery that index increased 
by 29% (p < 0.05). After 6 months it became much 
lower and returned to the values comparable to those 
in the healthy women. The differences between the 
control group and the treated patients 6 months after 
the surgery are not statistically significant.

In both groups of patients, taking into considera-
tion tumor diameter and the number of metastases, 
CTSD activity is statistically significantly higher (p 
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< 0.001) than in the control group. In patients from 
group II — those with a tumor larger than 2.8 cm in 
diameter and with a large number of metastases, CTSD 
activity is the highest. In comparison to the control 
group, the enzyme activity before the treatment is 
higher by about 157%.

Six months after the surgery, mean CTSD activity 
in all the patients generally decreased to the values 
typical for the control group, but in group II it was still 
statistically significantly higher (p < 0.001) than in 
healthy women.

The activity of AAT in the blood serum of healthy 
women from the control group was 1.68 mg of trypsin/
ml of serum (Table 2). In all the analysed women suffer-
ing from mammary cancer the activity of this protease 
inhibitor was about 63% lower and amounted to 0.46 
mg of trypsin. This difference is statistically significant 
(p < 0.001). 

Table 1. Cathepsin D activity in blood serum in studied groups of patients

Group
Cathepsin D activity (10-2 nM of tyrosine/mg of protein/min)

before surgery 2-3 days  
after surgery

6 months  
after surgery

Control 6.80 ± 1.74
All patients 13.9 ± 3.27a 15.6 ± 3.79a, 1b 7.85 ± 1.783b, 2c

Group I 11.78 ± 1.60a 13.20 ± 1.96a, 2b 7.52 ± 1.463b, 2c

Group II 17.47 ± 1.89a, d 19.69 ± 2.26a, d 11.42 ± 0.29a, 3b, 1c, d

Note: 1ap < 0.001 in comparison with the control group;
1bp < 0.05, 2bp < 0.01; 3bp < 0.001 in comparison with patients before surgery; 
1cp < 0.01, 2cp < 0.001 in comparison with patients 2-3 days after surgery: 
dp < 0.001 statistically significant differences in comparison with group I.

Table 2. AAT activity in blood serum in studied groups of patients

Group
ATT activity (mg of trypsin/ml)

before surgery 2-3 days  
after surgery

6 months  
after surgery

Control 1.68±0.23
All patients 0.46±0.19a 0.52±0.20a 1.48±0.28b, c

Group I 0.58±0.13a 0.65±0.14a 1.76±0.17a, b, c

Group II 0.26±0.07a, d 0.31±0.07a, d 1.27±0.13a, b, c, d 

Note: ap < 0.001 in comparison with the control;
bp < 0.001 in comparison with patients before surgery; 
cp < 0.001 in comparison with patients 2–3 days after surgery; 
dp < 0.001 in comparison with group I.

The differences in activity of AAT between the 
controls and the two compared groups of patients 
are statistically significant (p < 0.001). Taking into 
consideration the patients with a tumor of an average 
diameter of 4.05 cm and with an average number of 
metastases in the lymph nodes of 7.95 (group II), the 
protease inhibitor activity is about 50% lower (p < 
0.001) than in group I and amounted to 0.26 mg of 
trypsin. 

After 6 months an increase in AAT activity occurs. 
The increase, however, was higher in the group of 
women with a smaller tumor and a smaller number of 
metastases (group I) than in group II. No statistically 
significant differences in AAT activity between the con-
trol group and all the examined patients 6 months after 
the treatment were found, but AAT activity in group II is 
still lower than in healthy women (p < 0.001).

Moreover, a negative correlation between CTSD 
activity and AAT activity was shown in the blood serum 
of women suffering from breast cancer both before 
(r = -0.99, p < 0.001) and after the surgery (r = -0.98, 
p < 0.001) as well as after 6 months of treatment 
(r = -0.94, p < 0.001).

There also exists a high positive correlation coef-
ficient between tumor size and CTSD activity both 
before the surgery (r = 0.87, p < 0.001), 2–3 after the 
treatment (r = 0.88, p < 0.001) and 6 months after the 
treatment (r = 0.72, p < 0.001). However, the correla-
tion coefficient between AAT activity and tumor size is 
negative before the treatment (r = -0.91, p < 0.001), 
2–3 days after the surgery (r = -0.88, p < 0.001) and 6 
months after the treatment (r = -0.72, p < 0.001).

The high positive correlation coefficient was also 
revealed between the number of metastases in the 
lymph nodes and CTSD activity in patients before the 
treatment (r = 0.85, p < 0.001), 2–3 days following the 
surgery (r = 0.94, p < 0.001) and 6 months later dur-
ing the check-up (r = 0.82, p < 0.001). The correlation 
coefficient between AAT activity and the number of 
metastases in the lymph nodes is negative both before 
the surgery (r = -0.96, p < 0.001), after the treatment 
(r = -0.94, p < 0.001) and 6 months after the surgery 
(r = -0.93, p < 0.001). 

DISCUSSION
A number of prognostic markers, which allow 

the stage of breast neoplastic transformation to be 
estimated, are known. They include tumor size and 
dimensions, presence of metastases in the axillary 
lymph nodes, and high values of indicators of cellular 
proliferation and expression of receptors for estrogen 
and progesterone. Other important factors are epi-
dermal growth factor expression, occurrence of me-
tastases formed from neoplastic cells detached from 
the primary tumor and moving through the lymphatic 
system, as well as the amplification of c-myc, C-Ha-
ras, and int-2 oncogenes. Pro-cathepsin D, protein 
P-29, plasminogen activator, and HER2/neu oncogene 
product are new prognostic markers gaining wider and 
wider recognition [6, 11].

Determination of activity of cathepsin D and AAT 
may be an additional independent prognostic marker, 
particularly useful in the diagnostics of breast tumors 
unaccompanied by metastasis in the axillary lymph 
nodes.

Barbi et al. [2] and Rochefort et al. [29] observed 
the overexpression of the gene responsible for syn-
thesis of CTSD in all the cell lines derived from breast 
cancer. They also found a correlation between this 
lysosmal protease activity and the patients’ age, as 
well as between the presence of estrogen and proges-
terone receptors and the pathomorphological tumor 
type. CTSD activity increases as a result of metastatic 
formations in the lymph nodes.

In our study we have revealed no relation between 
CTSD activity and patients’ age or the histological 
type of neoplasm, what may be related to the small 
number of patients. Nevertheless, CTSD activity may 
be considered as a good predictive factor in mam-
mary cancer.

In the present study a maximum two-fold increase 
in CTSD activity was found. Intracellular proteases 
participate in and synergize the formation of metas-
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tasis [9]. Proteolytic enzymes such as cathepsin B, D, 
and L, metalloproteases and urokinase plasminogen 
activator participate in the degradation of extracel-
lular components, matrix and basement membranes 
(autolysis) [32]. Consequently, in women suffering 
from mammary cancer with a large number of metas-
tases in the lymph nodes, there is a higher lysosomal 
enzyme activity. High CTSD activity in patients with 
malignant mammary cancer is considered to correlate 
positively with an increased risk of the occurrence of 
metastasis [3]. 

The presence of proteases enables malignant 
neoplastic cells to move outside the tumor and perme-
ate into the circulatory and lymphatic system [17]. By 
way of accelerated degradation of cellular structures, 
urokinase plasminogen activator, cathepsins B, D, 
and L as well as metalloproteases enable neoplastic 
cells to invade locally and, later, to form metastases 
in distant sites [16]. In this study the positive correla-
tion between increased CTSD activity and the size and 
number of metastases has been demonstrated. This 
phenomenon stresses the role of CTSD as an impor-
tant prognostic factor of metastasis [30]. The results of 
this study seem to indicate that CTSD activity is higher 
in women with mammary cancer with a large number 
of metastases than in women who had a small number 
of metastases. High CTSD activity and the presence 
of metastatic nodules in the axillary lymph nodes point 
to worse prognosis [33]. An increased expression of 
the genes responsible for synthesis of CTSD as well 
as a marked increase of its activity in cancer cells and 
tissues and in the blood serum of patients with neo-
plastic diseases indicate a substantial participation of 
this enzyme at each stage of a developing neoplastic 
disease.

The results of our own study and the observations 
of other authors similarly indicate that CTSD is respon-
sible for some of the processes involved in metastatic 
formation. 

The high activity of CTSD in various transformed tis-
sues shows that this enzyme is not exclusively specific 
to breast cancers. A high activity of CTSD has been 
observed by other authors in ovarian and endometrial 
carcinoma. In the course of different diseases within 
the same organ cathepsin activity may vary, which 
results from various types of secretion or activation/
inhibition of the enzyme [23]. 

Protease inhibitors e.g. AAT and a1-chymotrypsin 
perform various functions in the organism, in particular, 
they play an important role upon inflammation. Our own 
research has shown a significant decrease in AAT activity 
in female patients with a large number of metastasis. Be-
fore the surgery the activity of AAT in patients with a small 
number of metastases was higher than in patients with a 
large number of metastases. There exists an inverse rela-
tion between CTSD activity and AAT activity. High CTSD 
activity is accompanied by low AAT activity. 

Only few biochemical studies of patients with 
breast cancer have shown higher AAT level [23]. The 
results of our own study have shown that AAT activity 

was lower in women suffering from mammary cancer 
than in healthy women, and that the degree to which 
the inhibitor activity decreases depends on the stage 
of neoplastic transformation.

At patients with a disseminated form of breast 
cancer, concentrations of AAT and a1-macroglobulin 
were monitored before and after a proton hypophy-
sectomy as well as after three years of a combined 
treatment. Konnova et al. [21] also noted a correlation 
between AAT level in the blood of cancer patients and 
the potential metastasis. The authors postulate using 
the determination of AAT concentration in blood as 
a marker of the effectiveness of treatment and as a 
prognostic predictor. 

Proteases and their inhibitors have also found an 
application as markers in diagnosing and monitor-
ing other tumor types, e.g. adnexal carcinomas. In 
addition to the carcinoembryonic antigen, AAT and 
a2-macroglobulin concentrations as well as C-reac-
tive protein in the blood serum of female patients with 
adnexal carcinomas are also determined. None of 
the above markers, however, proved to be useful for 
the purposes of pre- and post-operative diagnostics 
of female reproductive neoplasm when singly deter-
mined. The data point to the greater diagnostic utility 
of a simultaneous evaluation of several markers as 
compared to a single evaluation of one of them [22].

Our own studies also suggest that at least two 
parameters correlate, such as activity of CTSD and 
AAT. The changes in activity of protease and protease 
inhibitor are interrelated and result from the functions 
they perform during the development of the tumor. In 
conclusion, our data suggest that evaluation of cathe-
psin D activity in combination with determination of AAT 
activity in blood serum of patients may be a reliable 
diagnostic and prognostic marker.
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АКТИВНОСТЬ КАТЕПСИНА D И α1-АНТИТРИПСИНА 
В СЫВОРОТКЕ КРОВИ БОЛЬНЫХ РАКОМ МОЛОЧНОЙ ЖЕЛЕЗЫ 

Целью исследования было определение активности катепсина D и α1-антитрипсина в сыворотке крови больных раком 
молочной железы. Пациенты и методы: объектом исследования были 52 женщины, прооперированные по поводу рака 
молочной железы, подразделенные на две группы в соответствии с числом метастазов и размером опухоли. Активность 
катепсина D определяли методом Ансона, а α1-антитрипсина — методом Эриксона. Результаты: активность катепсина D 
в обеих группах больных раком молочной железы до операции была выше, чем в группе здоровых доноров. После операции 
активность фермента значительно возрастала и снижалась в течение 6 месяцев после оперативного вмешательства. 
Активность α1-антитрипсина была значительно ниже у больных до лечения, чем в контрольной группе, и повышалась 
в течение 6 месяцев после операции. Была выявлена корреляция между активностью катепсина D и α1-антитрипсина. 
Высокий уровень активности фермента и низкая активность α1-антитрипсина могут определяться стадией заболевания. 
Выводы: определение активности катепсина D и одновременно активности α1-антитрипсина может служить биохимическим 
маркером при мониторинге течения рака молочной железы.
Ключевые слова: лизосомальные ферменты, ингибиторы протеаз, рак молочной железы.

Copyright © Experimental Oncology, 2005


