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Cathepsins and their endogenous inhibitors in clinical oncology

Primoz Strojan

Institute of Oncology, Ljubljana, Slovenia

The invasion and metastasising of tumor cells is closely connected with the disintegration of  basement
membranes and extracellular matrix. The carriers of these processes are different proteolytic enzymes,
among them also cathepsins — a group of ubiguitous lvsosome proteinases. A correlation between the
changed concentrations and/or activities of cathepsins in the tumor tissue and metastatic potential of tumnors
was demonstrated on different experimental models in vitro and in vivo. The prognostic relevance of
cathepsin D, particularly in breast cancer; and to a lesser extent also of cathepsin B, is nowadays widely
studied in clinical oncology. The cells releasing cathepsins also produce their inhibitors.  Stefins, cystatins
and kininogens are endogenous inhibitors of cathepsin B. Their clinical relevance, cither as therapeutic
agents or prognostic factors, still remains unknown. For cathepsin B, an endogenous inhibitor has not been

Jound yet.
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Introduction

The behaviour of malignant tumors is typically de-
termined by their ability to invade the surrounding
tissues as well as by their potential to form me-
tastases in different parts ol the body, at a distance
from the primary tumor. Both features are the result
of a dynamic and complex process, known as me-
tastatic cascade, i.e. the sequence of interrelated
events including numerous interactions between the
tumor and its host-organism.' In order to be able to
form a new metastatic colony, an individual tumor
cell or a group of these should successfully pass
through each individual stage of the cascade; it
should 1) leave the primary tumor, 2) invade the
adjoining normal tissues, and 3) enter the blood
circulation, which then can take it to the most dis-
tant parts of the organism. Once inside the target
organ, tumor cell or a group of them must again
pass through the vessel wall in order to enter into
its new habitat and form a new, secondary colony.?
In this transition, the cell crosses different tissue
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compartments which form a mammalian organism.
These are separated from one another by two types
of extracellular matrix, which pose a few natural
tissue barriers to the invading cell, i.e. the basement
membranes and the interstitial connective tissue.
The basic constituents of these structures are differ-
ent proteins — particularly collagen, adhesive glyco-
proteins and proteoglycans.? .
Disintegration of the extracellular matrix and the
ensuing transition of tumor cells through it occur as
a result of the activity exerted by different types of
proteolytic enzymes which are produced and re-
leased onto the surface of cytoplasmic membrane
or into its surroundings by the invading tumor cells
as well as by host-cells.* Proteinases, i.e. the en-
zymes with endopeptidase activity, which are asso-
ciated with these disintegration processes, are gro-
uped into four classes with respect to the chemical
nature of the groups responsible for the catalytic
activity. These are 1) serine proteinases, 2) cysteine
or thiol proteinases, 3) aspartic proteinases and 4)
metallo-proteinases. The same cells that make up
these enzymes also produce their inhibitors (Table 1).}
In a normal, non-malignant tissue, the activity of
individual enzymes and their endogenous inhibitors
is organised in the proteolytic cascade involved in
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Table 1. Major classes of proteinases.

Class EC Examples pH range Examples of
number* for activity protein inhibitor(s)
Serine 3.4.21.- trypsin 7-9 PAls
chymotrypsin a2-antiplasmin
plasmin a2-macroglobulin
plasminogen activator
thrombin
clastase
cathepsin G
Cysteine 3.422.- cathepsin B 3-3 stelins
or thiol cathepsin H cystatins
cathepsin L kininogens
Aspartic 3.4.23.- pepsin 2-7 pepstatin
cathepsin D
Metallo- 3.4.24.- collagenases 7-9 TIMPs
gelatinases neutral
stromelysins neutral

*#Based on the Nomenclature Committee of the International Union of Biochemistry (1992).
PAT - plasminogen activator inhibitor; TIMP - tissue inhibitor of metallo-proteinases.

numerous physiological processes such as tropho-
blastic implantation, embryo morphogenesis, angio-
genesis, wound healing, pathologic baclerial and
parasitic invasions. elc.? The cascade activation is a
complex process involving numerous interactions
between enzymatically inactive pro-enzymes, ac-
live proteinases of different classes, and their in-
hibitors (Figure 1). Contrary to that, in tumor tissue
the regulation of this cascade is altered: it is either
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Figure 1. Activation of tumor associated proteinases: a
complex pattern of events forming proteolytic cascade which
involves enzymatically. inactive pro-enzymes and active
proteinases. Their action is counter-balanced by specific
inhibitors (limited proteolysis).

uPA - urokinase-type plasminogen activator; PAI - plas-
minogen activator inhibitor; TIMP - tissue inhibitor of me-
tallo-proteinase.

incomplete or wrong. This occurs as a result of the
modulation of one or more mechanisms regulating
the synthesis, transport and release of the involved
enzymes and inhibitors, which further leads to chan-

ges in their cell distribution and/or concentrations
or activities, ending in the establishment of new,
bizarre interrelations between them?

Cathepsins

Cathepsins are ubiquitous lysosome proteolytic en-
zymes. They were named after the Greek word
“Kathepsin”, which means “to digest’” by Willstitter
and Baumann in 1929. Cathepsins are present in all
cells of mammalian organisms. Their concentrations
varies with respect to individual types of cells and
tissues, being particularly high in macrophages and
in organs such as the kidney, spleen and liver. As Lo
their chemical composition, these substances are
glycoproteins, which — but for few exceptions — all
belong to the group of endopeptidases. They take
part in numerous physiological processes, such as
e.g. intracellular protein turnover and posttranslation
processing ol some biologically important protein
precursors (e.g. insulin and endorphin), as well as
in the etiology ol several pathological conditions,
such as muscular dystrophy, arthritis, emphysema.
multiple sclerosis and cancer.®

The synthesis ol cathepsin precursors occurs on
the membrane-bound ribosomes, wherefrom they
are transferred cotranslationally into the lumen of
endoplasmic reticulum, and proceed into Golgi ap-
paratus where glycosylation takes place. Alter pro-
tein and carbohydrate parts of molecules have been
modified, they are transported into lysosomes by
means of receptors which recognise mannose-6-
phosphate residues present on the precursor of lyso-
somal enzymes.®’
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In cells, these enzymes are present prevailingly
inside lysosomes. Beside proteinases, the lysoso-
mes, in their acidic environment with pH ranging
between 4.0 — 5.0, also contain a number ol other
hydrolytic enzymes such as nucleases, glycosidases,
lipases, phospholipases, phosphatases and sulphata-
ses. Their major function is to be involved in the
controlled degradation of macromolecules, which
may be of cellular or loreign origin.®

By now, there are |1 different cathepsins known,
which differ from each other by their catalytic and
molecular properties. They are assigned by letter
designation from A to T. Due to the lack of firm
evidence, the existence ol cathepsins F, 1. J, K, M,
N, P and R is questionable.’ The majority of cathepsins
are active in acidic pH range whereas in neutral and
alkaline pH values they are unstable. The molecular
weight ol active enzymes amounts to 14-650 kDa
(Table 2).°

Table 2. Classification of lysosomal cathepsins.

models, both in vitro and in vive.* On the other
hand, the clinical relevance ol these enzymes is
much less investigated. In terms ol their value as
prognostic factors in cancer patients, the most thor-
oughly studied are cathepsins D and B.

Cathepsin D

Cathepsin D is an aspartic endoproteinase with two
asparagine groups positioned in its active site. In
normal mammalian cells, it is initially synthesised
as a precursor 52 kDa protein (pro-cathepsin D),
which is transported prevailingly into lysosomes
and processed through intermediate 48 kDa lorm to
mature two-chain molecules, each with 34 kDa and
14 kDa respectively. There is only a negligible amo-
unt of pro-form accumulated or released from these
cells. Inside lysosomes, cathepsin D is involved in
the catabolic degradation ol numerous intracellular
and endocytotically imported proteins.'” In the ran-

Cathepsin® EC B M
number classification
A 3.4.16.1 Exopeplidase 100-400.000

B 3.4.22.1
B, 3.4.18.1
C 34.14.1
D 3.4.235
E 3.4.23.34
F 3.4.99.-
G 3.4.21.20
H 3.4.22.16
L 3.4.22.15
S 3.4.22.27
T 3.42224

(serine type carboxypeptidase)

Endopeptidase
(cysteine Lype)
Exopeptidase

(cysteine type)

Exopeptidase-dipeptidyl

Endopeptidase
(aspartate type)
Endopeptidase
(aspartate type)
Endopeptidase
Endopeptidase
(serine type)

Endopeptidase
(cysleine type)
Endopeptidase
(cysteine type)
Endopeptidase
(cysteine Lype)
Endopeptidase
(cysteine Lype)

25-29.000

200.000
48.000

100.000

50-70.000
27-30.000

26-28.000

23-29.000

14-30.000

34.000

*Cathepsins F 1L J, KO M, N, P and R have not been cassified by the International Union of Biochemistry Committee on
Nomenclature (1992). There is no substantional evidence that they exist.

The involvement of cathepsins in the proteolytic
processes of extracellular matrix decomposition, as
well as an association between changes in their
concentrations, activities or distribution and the ma-
lignant potential of tumor cells have been confirmed
by several studies carried out on dilferent tumor

ge of pH 2.8 — 5.0, cathepsin D can eflectively
degrade denatured proteins while its activity against
native molecules and synthetic low-molecular-
weight substrates is limited. [t has little or no enzy-
matic activity at a pH 7.0 or more, and its isoelectric
point is between 5.5 — 6.5.% Unlike cysteine protei-
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nases. cathepsin D is not affected by thiol com-
pounds and thiol blocking reagents: it is clfectively
inhibited by pepstatin, a potent synthetic inhibitor
ol aspartic proteinases while endogenous protein
inhibitor ol cathepsin D in man has not been lound
yet 10

In malignant cells the processing and resulting
compartmentization ol cathepsin D is delayed and
is dilferent than in normal cells. This may be duce to
the decreased activities ol processing proteinase(s)
involved in cathepsin D maturation procedure and/
or to differences in the structure ol pro-cathepsin D:
namely, 52 kDa pro-cnzyme released [rom tumor
cells contains more acidic isoforms than that from
normal cells, despite its almost identical amino acid
sequence, and has a more acidic isoclectric point."!

This could explain cytoplasmatic accumulation of

pro- and intermediate enzyme forms by tumor cells
as well as markedly increased proportion ol sc-
creted pro-cnzyme. reaching up to 50 %. On the
other hand. the increased sceretion could be simply
due to the increased cathepsin D gene expression,
which saturates the limited number ol manosa-6-
phosphate receptor sites available, resulting in dis-
ruption ol pro-enzyme molccule transport into lyso-
somes. "2 Generally, breast cancer cells produce
2-30-fold more cathepsin D than normal mamma-
lian cells growing with the same rate.”

In human genome. cathepsin D gene is located at
the extremity ol the short arm ol chromosome 11,
close to the H-ras oncogene."™ Its expression in
estrogen receptor positive breast cancer cell lines is
regulated by estrogens and growth lactors.'® This
regulation is tissuc-specific: in normal human endo-
metrium, in rat uterus and in the Ishikawa human
cndometrial cancer cell lines. all ol" which contain
functional estrogen and progesterone receptors in
the same way as breast cancer cells, estrogens are
unable to stimulate cathepsin D expression.'™! In
i vitro conditions, both pro-cnzyme as well as its
mature forms stimulate the growth ol hormone de-
pendent estrogen-deprived cells ol breast carcino-
ma. "% This autocrine mitogenic activity ol ca-
thepsin D, however, does not imitate completely the
stimulatory cflect ol estrogen, suggesting that other
autocrine growth lactors are also required. It can be
cither due to the direct cffects of cathepsin D as a
peptide growth factor™* or duc o its cnzymatic
activity. By its proteolytic activity, cathepsin D co-
uld play a role in the release of growth lactors [rom
precursors or from extracellular matrix and/or acti-
vation ol their intra- or extracellular receptors, or it

could participate in supplying the cells with amino
acids available for the formation ol new protein
molecules.?" In a similar way, cathepsin D could be
involved in the degradation ol basement membrane
and extracellular matrix components,?? as well as in
the processing and activation ol cysteine prote-
inases, and thereby also in the initiation ol pro-
teolytic cascade.?* Auto-activation of the sccreted
inactive 52 kDa pro-enzyme has only been demon-
strated in in vitro conditions, at an acidic pH va-
lue.'12 Since in vivo, an acidic microenvironment
is more frequently encountered within the cell (i.c.
in endosomes and lysosomes) than out ol them, it
scems that the activation ol the scereted pro-cathep-
sin D is associated with the internalisation ol pro-
cnzyme molecules, together with its substrate, in
the process ol endo- or phagocytosis. This hypoth-
csis is supported by the finding of large acidic vesi-
cles, containing both mature cathepsin D molecules
and cendocytosed extracellular matrix. which were
present in a much higher concentration in breast
cancer cells than in normal breast tissue cells.?
With respect to its proteolytic and mitogenic prop-
erties, cathepsin D was widely studied as a marker
with potential prognostic value. Since then, a num-
ber of clinical studics trying to establish a possible
correlation between cathepsin D content in tumor
tissuc and patients survival have been published.
The prevailing majority ol these arc concerned with
breast cancer patients and have been carried out - or
arc under way — independently in several different
countries (Table 3).2% Despite the lact that assay
types and methodology used for the determination
of cathepsin D content in tumor tissue varicd from
one laboratory to another, the results obtained indi-
cate that high enzyme concentrations are related to
poor prognosis. The only exception in this respect
is a study by Henry er al. which suggests a differ-
ent, protective role ol cathepsin D.* Furthermore,
the majority ol authors state that cathepsin D is a
parameter, independent from other prognostic lac-
tors (tumor size, steroid receptor status, axillary
lymph node involvement, pathohistological grade,
S-phase). Cathepsin D was found to be more corre-
lated with metastasising than with cell prolileration
or local tumor invasion. Besides, there is also a
cathepsin D assay, commercially available on the
market, which is casy to perform and reproducible
with a satisfactory degree ol quality control. This is
a solid-phase “‘sandwich” immunoradiometric as-
say (IRMA), developed at the University ol Mont-
pellier, France (ELSA-CATH-D kit, CIS bio inter-
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national, GIF-sur-Yvette, France).* It quantifies the
total enzyme concentration (52kDa, 48kDa and 34
kDa forms) present in cytosols of tissue samples.
The latter is also used for the determination of
steroid receptor concentrations; this altogether pro-
vides a more detailed information on biological
properties of tumors. Regarding the above men-
tioned. cathepsin D already fulfils most of the crite-
ria that should be considered in introducing a new
prognostic marker for routine clinical use. How-
ever, a number of questions and dilemmas are still
open, among them also some which have been posed
only recently, by studies just completed: 1) an opti-
mal cut-off value should be selected, which would
reliably distinguish between patients with favour-
able and those with poor prognosis; 2) to find out
which form of enzyme is the most potent marker
for survival; 3) to establish which type of cells in
the tumor is actually overexpressing the cnzyme;
and 4) to determine its prognostic relevance with
respect to menopausal status, steroid receptor status
and axillary lymph node involvement. Similarly, it
should be investigated how tumors with high cathep-
sin D concentrations respond to adjuvant therapies:
the controversial results reported in the literature,
referring to the subpopulation of patients with nega-
tive axillary lymph nodes. may be due to different
implementation of adjuvant therapies. Only well-
controlled randomised clinical studies using an ac-
curately defined and standardised methodology will
be able to provide answers to the questions posed.
Until then, the routine use of cathepsin D as a
prognostic marker with decisive influence on the
selection of type or aggressiveness of treatment in
individual patients remains unjustified and contro-
versial, despite the promising results obtained so far.

Concentration and/or activity of cathepsin D was
also measured in other types of cancer. However, its
prognostic significance was generally not studied.
A higher concentration of cathepsin D (from 1.5 to
3-fold) was established in laryngeal carcinoma tis-
sue'’ as well as in other types of head and neck
tumors™* or their regional melastases,’ as com-
pared to the adjoining normal tissue ol the same
patients. None ol these studies was able to confirm
a correlation between tumor concentrations of the
enzyme and the already established clinical and
pathohistological prognostic factors. Métayé et al.
reported a 3-fold higher concentration of cathepsin
D measured in 14 samples ol thyroid carcinoma
tissue than in 7 samples of normal glandular tissue
and in 6 samples of benign thyroid nodules. The

level of cathepsin D in primary tumors correlated with
their size. A similar increase in the enzyme concentra-
tion was observed in the tissue of toxic adenomas (8
samples) and in the tissue samples from 7 patients
with Grave’s discase.™ Letlo er al. assessed the level
of cathepsin D activity in 67 surgical samples of
colorectal carcinoma and in matched paired sets of
normal mucosa; the enzyme activity measured in
tumor tissue were 1.3-fold higher that in normal
mucosa of the same patients.* The enzyme activity
values found by Tumminello er al in tumor tissue
samples from 21 patients with colorectal carcinoma
were 1.6-times higher than the respective values meas-
ured in normal mucosa ol the same patients. A higher
activity was observed in the tissue of Dukes’ stage A
tumors compared to Dukes” B and C, as well as in
tumors smaller than 5 cm. There were no dilferences
in cathepsin D concentration between tumor tissue
and paired normal mucosa* Cytoplasmic expression
of cathepsin D in the cells of gastric adenocarcinoma
was studied immunohistochemically in 62 patients by
Theodoropoulos et al.. Increased expression corre-
lated with carly tumor stages (I and II), well- and
moderately differentiated carcinomas, positive status
of estrogene receptors and a better survival of patients
at 36 month.” Increased plasma concentrations of
cathepsin D assayed in 20 patients with primary
hepatocellular carcinoma as well as in 7 patients with
liver metastases were reported by Brouillet er al.. The
values were significantly higher than those established
in a group of 56 healthy controls or in 48 breast cancer
patients.® In a group of 72 patients with primary
ovarian carcinoma, Scambia and co-workers reported
a worse 3-year progression-free survival for patients

with high tumor concentrations of cathepsin D. In 12
patients with metastases in the omentum, the enzyme
concentrations measured in the metastatic deposits
were 2-fold higher than those found in the primary
tumors. Cathepsin D status retained an independent
prognostic value for progression when assessed in the
multivariate analysis.* A correlation between cathepsin
D concentration. the grade ol tumor dilferentiation,
and the depth of myometrial invasion was also ob-
served in 26 patients with endometrial carcinoma: a
significantly higher increase in enzyme level was as-
sociated with a higher pathohistological grade and
deeper invasion.™

Cathepsin B

Cathepsin B belongs to the class of cysteine or
thiol proteinases. It has cysteine as essential cata-
50

lytic group bound to its active site.” Human gene
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for cathepsin B is localised on the chromosome 8.%?
As all known proteinases, it is first synthesized as a
high-molecular-weight inactive precursor with a
molecular mass ol 37 kDa, which changes into its

enzymatically active mature ferm in the course of
posttranslation processing. The molecular mass of

the latter ranges between 23-28 kDa; it is found in
the cell = depending on species and tissue ol origin
- as a single- (28 kDa), double- (23 kDa and 5 kDa)
or as both single and double chain forms.™" It is
optimally active at a pH of about 6.0 and is poorly
active or inactive within the range of neutral and
alkaline pH values, depending on the nature of the
substrate™ and the stage of enzyme maturity.” As
endopeptidase, it exerts an effect on numerous
proteinic substrates ~ also on the components of the
extracellular matrix,* and has the potential ol acti-
vating the precursors of some collagenases™ and
urokinase-type plasminogen activator®® Thiol rea-
gents and chelators are required for its activation,
but it can be activated also by pepsin.® cathepsin
D** and metallo-proteinases. ™7 It has been dem-
onstrated that enzyme activation can also occur as a
result of its autocathalytic activity.™ Cathepsin B is
irreversibly inhibited by thiol blocking reagents,
and reversibly by leupeptin and other peptide alde-
hydes, «2-macroglobulin and members ol cystatin
superfamily (i.e. stefins, cystatins and kininogens).
The homology of amino acid sequences suggests its
common evolutionary origin with other cysteine
proteinase class members.”!

Unlike in normal cells, where cathepsin B mol-
ccules are found prevailingly in lysosomes, in tumor
cells a great proportion ol the enzyme is found on
the cytoplasmic membranes.”®* As pro-enzyme, it
can also be released into the slightly alkaline sur-
roundings ol the extracellular space, and once acti-
vated extracellularly. it may be stable in its active
form due to the presence ol large protein substrates
such as extracellular matrix proteins.™ Correlation
between the enhanced activity, mRNA level. the
rate ol membrane-bound cathepsin B and/or the
quantity of high-molecular-weight enzyme forms
released into the surroundings on one side, and
malignancy ol different tumor types of epithelial as
well as mesenchymal origin on the other, has been
proved in different in vitro and in vivo experimental
models. It seems, however, that this correlation is
of qualitative rather than quantitative nature.* Fur-
thermore, the reduced inhibitory capacity ol human
sarcoma derived stefin A, an important intracellular

inhibitor of cathepsin B from cystatin superfamily,
has been demonstrated too, as a probable result of
changes in its structure.® This indicates that the
activity of cathepsin B in malignant tumors is regu-
lated at many different levels. Its alterations could
be attributed to the modulation of synthesis, activa-
tion, processing and intracellular transport of en-
zyme molecules and/or changes in the inhibition by
endogenous inhibitors.?!

An increased concentration and/or activity ol cat-
hepsin B molecules was measured in various types
of human malignant tumors: carcinomas ol the
breast,7 colon and/or rectum, ¥ stomach,™
liver,”? ung,”™% uterine cervix,” head and neck car-
cinomas,* gliomas,” and tumors of the hypophy-
sis.™ There has been a correlation established be-
tween the measured tumor concentration and/or
activity ol cathepsin B, and individual clinical and
pathohistological tumor properties; in some tumors,
a correlation with treatment outcome and/or sur-
vival was found as well. It should be pointed out
that the results ol these studies are much less estab-
lished and conclusive than those referring to cathep-
sin D and the survival of breast cancer patients.

Lah ¢t al. have reported 18.5-times higher cathep-
sin B activity measured in the breast cancer tlissue
ol 50 patients as compared to the relevant values
measured in normal breast tissue ol the same pa-
tients. There has been no correlation established
with pathohistological grade, axillary lymph node
involvement, hormone receptor status, and relapse
free survival.” Similar results of cathepsin B activ-
ity measurements in 90 matched pairs of breast
carcinoma and normal breast tissue samples were
reported by GabrijelCi¢ et al.. Besides the enzyme
activity, authors also measured total enzyme con-
centration in the serum and tissue cytosol: the latter
was found to be approximately 3.3-fold the concen-
tration measured in the serum of healthy controls,
while the relevant cytosol concentrations were 8.8-
fold higher, respectively. Higher enzyme concentra-
tions were found in the tumor tissue cytosols [rom
patients without axillary lymph node involvement
and a higher pathohistological grade. In this study,
patients’ survival was not considered among the
parameters observed.®® A similar negative correla-
tion between cathepsin B concentration in tumor
cytosols ol 62 breast carcinoma patients and their
lymph node status, as well as the status of hormone
receptors, was reported by Budihna er af.. Besides,
patients with cathepsin B tumor concentrations up
to 23 mg/g proteins were found to have worse re-
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currence-free survival at 54 months than those with
higher tumor concentrations. In the multivariate
analysis, besides axillary lymph node status, only
cathepsin B proved to be an independent prognostic
factor.”™ On the contrary, Thomssen et al. reported a
better S-year recurrence-free survival in patients
with lower cathepsin B concentrations (< 1092 ng/mg
proteins). In this study ol 167 breast cancer patients
tumor concentrations of cathepsin B were 11.3-lold
higher than those measured in benign breast lissue,
and no correlation to established prognostic lactors
were found. The relevance of cathepsin B as inde-
pendent prognostic lactor for recurrence-free or ove-
rall survival ol those patients was not conlirmed by
the multivariate analysis.™

Analysing cathepsin B activity in paired tissue
samples from 27 patients with colorectal carcinoma,
Sheahan et al. registered 1.4-fold higher activity in
tumor tissue as compared to the adjoining normal
mucosa. The highest enzyme activity was estab-
lished in a group with Dukes A stage of the dis-
case.”® Similar findings were reported by Leto et
al.: cathepsin B activity measured in carcinomatous
tissue from 67 patients was |.4-fold higher than
that found in normal mucosa, the increase being
evident in patients with Dukes A stage ol discase
only. There was no correlation with either clinical
or pathohistological prognostic factors established
Contrary to that, Campo et al. found that the el-
evated cathepsin B expression correlated with ad-
vanced stages of discase. The expression of enzyme
was found to be negative in all 15 samples ol nor-
mal mucosa and 17 samples ol benign adenomas.
However, in a group of 28 patients with carly. non-
melastatic tumors (stages I-11). the expression was
negative in 6, low in 17 and high in 5 patients. In 41
patients with advanced, metastatic carcinomas (sta-
ges HI-1V), the expression was negative in 3, low in
17 and high in 21 patients. Lower overall survival at
84 months of follow up correlated with high cathep-
sin B expression in all cancer patients, whereas
alter stratification by stages. the correlation was
established only for those with advanced discase.®

Alter having compared 33 match pairs of gastric
carcinoma and the adjoining normal mucosa, Wata-
nabe er al. measured 3-fold higher cathepsin B ac-
tivity in tumor tissue samples. The enzyme activity
was signilicantly, i.e. 1.9-fold higher in poorly dif-
lerentiated adenocarcinomas than in well or moder-
ately dilferentiated tubular adenocarcinomas.”™ Ple-
bani et al. reported the results of their cathepsin B
measurements in paired tissue samples of 25 pa-

tients with gastric cancer. The concentrations found
in tumor tissue were twice as high as thosec meas-
ured in normal mucosa. Higher enzyme concentra-
tions were also found in the tissue ol patients with
regional or hepatic metastases vs. those without
metastases, in poorly or moderately differentiated
vs. well differentiated tumors, and in diffuse vs.
intestinal tumor types. At 27 months, the survival of
patients with cathepsin B tumor concentrations be-
low the cut-ofl value of 265 ng/mg proteins was
better than of those with higher enzyme concentra-
tions.™

Ebert er al. have established a 4.5-fold higher
cathepsin B activity in 65 lung tumor tissue sam-
ples as compared to the normal lung parenchyma.
The activity was found to be insignilicantly higher
in adenocarcinomas than in other histological tumor
types. The highest cathepsin B activity levels were
measured in lung metastases. There was no correla-
tion with stage ol discase or pathohistological grade
established. Elevated activity above the cut-off value
of 1674 wU/mg proteins was related to lower sur-
vival rates of the patients at 8§ months.” Higher
cathepsin B activity found in the tissue of lung
adenocarcinomas as compared to squamous cell car-
cinomas was reported by Krepela er al™ and by
Liithgens et al. who compared adenocarcinoma ca-
thepsin B activity to the activity measured in squa-
mous cell and small cell carcinomas.™ In the group
ol 142 patients with primary lung adenocarcinoma,
lnoue er al. registered immunohistochemically in-
creased cathepsin B expression in the tumor tissue
ol cases with stage I and 1V of disease as com-
pared to that in cases with stage 1, which also corre-
lated with worse overall S-year survival rates. In a
multivariate analysis, cathepsin B expression proved
to be an independent prognostic factor associated
with death due to disease.®

After having compared 53 matched pairs ol head
and neck carcinoma and adjacent normal tissue,
Kos et al. found 5.4-fold higher cathepsin B con-
centration in tumor tissue samples. There was no
correlation with clinical and pathohistological prog-
nostic factors established, whereas patients’ sur-
vival was not included among the parameters ob-
served.*

In a study by Hirano ¢t al., serum cathepsin B
levels and its urinary excretion were reported to be
significantly higher in a group of 7 patients with
distant metastases from a variety of cancers than in
the control non-cancer patients (11 samples) or in
cancer patients without distant metastases (7 sam-



ples). Six weeks alter completed radical curative
operation the enzyme concentration in the group
without distant metastases decreased to the control
values. However, in the group ol cancer patients
with distant metastases after resection of primary
tumor, both serum and urine enzyme concentrations
were still high - as before surgery. In the group
without distant metastases, for all ol the resected
specimens of cancer tissue, cathepsin B concentra-
tions were significantly, 1.8-times higher than those
in normal tissue.*

Endogenous cathepsin inhibitors

Endogenous, i.e. physiological inhibitors ol pro-
leinases naturally present in tissues, appear always
o be proteins. They are involved in the control
mechanisms responsible for intra- and extracellular
protein breakdown, thus protecting the cell against
adverse endo- and exogenous proteolysis. The com-
pilation of new knowledge and information on these

substances contributes to better understanding of

their role and importance in the process ol tumor
rise and its consecutive spread. By preserving the
delicate balance that exist between tumor cells,
extracellular-matrix-bound growth factors and cyto-
kines, and constituents ol the matrix, these inhibi-
tors may exert a marked cytotoxic effect on the
primary tumor as well as on the existing metastatic
lesions. This ability assigns them the role of poten-
tial therapeuticals and/or prognostic indicators in
all conditions where proteolytic degradation repre-
sents the pathophysiological basis for clinical mani-
festation of disease, thus also in cancer.™ It seems,
however, that it will take long before these sub-
stances become a part ol the routine therapeutic
Lools for cancer treatment, considering that all the
studies are still carried out at a preclinical, i.e.
laboratory level. The same applies to their prognos-
tic value, since until now no reports on this issue
could be found in the available literature.

Probably, in view of [uture clinical use, the most
promising ol endogenous inhiibitors are those which
suppress the activity ol cathepsins B and D. Con-
sidering that an endogenous inhibitor of cathepsin
D in man is not known yet. these are — for the time
being — restricted only to the inhibitors of cysteine
proteinases. Based upon the evolutionary and struc-
tural similarities, they constitute a single protein
superlamily ol cystatins. This is subdivided into
three families: stefins (family [), cystating (family
I1) and kininogens (family I1I). There is yel a group
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of non-inhibitory proteins (family 1V) including hi-
stidine-rich - glycoproteins and  a2H-glycoproteins
(Table 4). The members of the first three families,

Table 4. Cysteine proteinase inhibitors of cystatin super-
family in human.

Family Examples Distribution M,
Name No.
Stefins 1 stefinA intracellular - 11.000
stefin B
Cystatins 11 cystatin C extracellular  13.000

Kininogens 11l HMW-kininogen extracellular 120.000
LMW kininogen 68.000

HMW — high molecular weight; LMW — low molecular
weight.

capable of inhibitory activity, differ from one an-
other with regard to their binding affinity and bind-
ing ratio for different cathepsin molecules; in all of
them binding is strong though competitive and
reversible. Contrary to kininogens and cystatins,
which occur at relatively high concentrations in
various biological fluids, stefins can be found pre-
vailingly inside the cells. The presence ol the mol-
ecules of cystatin superfamily inside as well as
outside the cells renders them to serve as a ‘‘reser-
voir” for cysteine endopeptidases: they bind the
enzymes when released from lysosomes in order to
transport and deposit them at other sites in the cell
or organism. -

The measurements ol the concentrations and/or
activities of cysteine proteinase inhibitors gave con-
troversial results, and the existing literature on these
lopics is very scarce. Thus, the total activity of
inhibitors measured in tumor tissue was found to
be either lower,”” equal®® or higher*” than in the
adjoining normal tissue. This variability indicates
that it is indispensable to determine the contribu-
tion of each individual member of cystatin super-
family to their total inhibitory potential. While the
role of cystatins and kininogens in the process ol
the development and spread of malignant tumors
has not been extensively studied yet, the involve-
ment of stefins in these processes is more investi-
gated.

In man the stefin family comprises stefin A and
stefin B. These are small single-chain non-glyco-
silated proteins with a molecular weight of about
I'l kDa* Genes for family 1 proteins are located
on human chromosome 3% and do not include
secretory signal sequences.® This is consistent with
the fact that stefins are generally found in the cell
cytoplasm,®™? although they have also been iso-
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lated from the extracellular fluids.”® They are heat
resistant and stable in neutral and alkaline pH range.
Although quite similar structurally ~ 51 % ol stefins
A and B structure is identical, they differ from one
another with respect to their immunological proper-
ties which enable immunohistochemical studies of
their cellular and tissue distribution.™ While the
presence of stefin B in different tissues is relatively
uniform, ™+ gtefin A is abundant primarily in vari-
ous types ol epithelial cells and in some cell types
of the lymphoid tissue.”'"* This suggests a possible
role of stefin B as the protector of cells against
uncontrolled activities ol endogenous cysleine pro-
teinases, and the involvement of stefin A in the
immunological processes protecting epithelial and
lymphoid tissues [rom invading bacteria and para-
sites or their (i.e. external) cysteine proteinases™“>*
Functional differences between both stefins, which
may also be ol physiological importance, lye in
their inhibitory capacity for individual cathepsins,
as well as in their resistance to proteolytic degrada-
tion by aspartic proteinase cathepsin D: stefin A is a
better inhibitor of cathepsin B than stefin B is. and
shows a higher resistance to cathepsin D. Both ste-
fins exert a stronger inhibitory effect on the mole-
cules of cathepsins L and H than of cathepsin B.#-10%1%4

There are several findings implicating stefin A in
the process of malignant progression more than any
other member of the cystatin superfamily. When
determining the total activity of cysteine proteinase
inhibitors in 50 matched pairs of breast carcinoma
and normal breast tissue, Lah ¢t al. found lowered
inhibitor activity in carcinoma as compared to nor-
mal tissue in two thirds of their patients. In this
group, a correlation was established between lower
inhibitor activity, higher pathohistological grade and
negative hormone receptors, as well as significantly
higher relative increase in Cathepsin B and L spe-
cific activity between tumor and normal tissue than
in the group with unchanged or elevated activity of
the inhibitors studied. In the same study, lower
mMRNA concentrations ol stefin A were measured
in carcinomatous than in normal breast tissue sam-
ples and correlated with the total activity ol cysteine
proteinase inhibitors.®”” Reduced immunohistoche-
mical staining for stefins A and B in lymphoma and
esophageal carcinoma tissue was reported by Jirvi-
nen et al.;** in the latter it could be associated with
the dedifferentiation and malignant transformation
of epithelial cells. A similar observation applies to
squamous cell carcinomas of the human uterine
cervix, ™% gkin 197 Jung,'™ as well as for prostatic

adenocarcinoma;" there also, stefing A expression
was related to cell proliferation and dedifferentia-
tion, suggesting to be an important factor in main-
taining cell differentiation. In the case of prostatic
adenocarcinoma, the authors even suggest stefin A
to be used as a marker in histologic differential
diagnosis of malignant and benign lesions, espe-
cially in the detection of small carcinomatous foci
in the prostate.'™ A high concentration of stefin B
along with an unusually low concentration of stefin
A — approximately 20-times lower that that found
in normal epithelial tissue — was measured in ovar-
ian carcinoma tissue by Kastelic et al.. The authors
hypothesise that stefin A is down-regulated in ma-
lignant ovarian carcinoma.' A reduced inhibitory
capacity of human-sarcoma-derived stefin A against
different cysteine proteinases was reported by Lah
et al. 1t appears to be due to a higher inhibition
constant of stefin A for the inhibition of these en-
zymes, which indicates that endogenous inhibitors
ol tumor origin exert different inhibitory properties
than those originating from normal tissues.*

Conclusion

Introducing of new prognostic markers into rou-
tine clinical practice enables us to differentiate more
precisely between prognostically more and less fa-
vourable forms of disease, and thus also influence
treatment planning. It is important that patients with
favourable prognosis are spared from too aggres-
sive therapy, and vice versa, that those with worse
prognosis receive sufficient treatment. The role of
cathepsins and their endogenous inhibitors in the
development of cancer is indicated particularly from
their involvement in the proteolytic processes lead-
ing to invasion and dissemination of tumor cells.
Their concentrations and/or activities in tumor tis-
sue or body fluids can also be of prognostic value.

By now, it has been generally accepted in clinical
oncology that high cathepsin D concentrations in
breast cancer tissue should be regarded as indicator
ol worse prognosis. The prognostic relevance of the
enzyme in different subgroups of these patients, as
well as in patients with tumors of other sites, is less
clear. Likewise, the prognostic value of cathepsin B
has also been unclear, while that of other cathepsins
has not been extensively studied at all.

The role of endogenous cathepsin inhibitors —
cystatins in clinical oncology could be double: they
could function as therapeuticals and/or prognostic
factors. In view ol the fact that most studies in this
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field have been carried out on different experimen-
tal models only, while clinical trials — rare as they

are

— involve small series of patients, the question

of clinical importance of these inhibitors remains to
be solved.
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