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Cathepsin D (EC 3.4.23.5) is a lysosomal endopeptidase physiologically present at very low
concentration in different tissues. The aim of the study was to estimate the physiological activity and
distribution of cathepsin D in the liver. Four groups of ten-week-old male Wistar rats were raised
without xenobiotics and sacrificed on day 4, 42, 47 and 84 of the experiment, and their livers were
taken for immunohistochemical and biochemical investigation. Immunostaining for cathepsin D was
evaluated by light microscope. Activity of the free and bound fractions of hepatic cathepsin D was
measured spectrophotometrically.

Immunohistochemical staining for cathepsin D was positive in Browicz-Kupffer cells in some but
not in all rat liver specimens of each experimental group. The staining pattern was cytoplasmic and
granular. Occasionally the positive stained endothelial cells were also found. No activity of cathepsin D
in hepatocytes was detected. The positive immunostaining was found in livers with high enzyme
activity in the biochemical investigation. No significant differences in activity of the free and bound
fractions of cathepsin D among the different age groups were noted. However, the higher, age-
dependent activity (p>0.05) of the free fraction was observed in the youngest and the two-middle
groups of rats that were sacrificed on day 42 and 47 than in the oldest one. The bound fraction did not
reveal such changes.

It could be concluded that there were no differences in the activity of hepatic free and bound
fractions of cathepsin D in male Wistar rats of various reproductive age. The rat Browicz-Kupffer cells
revealed the highest activity of cathepsin D.
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Various experimental and clinical studies reported usefulness of the evaluation of
lysosomal enzymes in the course of physiological and pathological processes (3–9, 16,
19–23, 25, 29, 30, 33, 34). This group of enzymes contains large number of different
catalytically active proteins, which are stored mainly in lysosomes and excreted either
to the cytoplasm or to the extracellular compartment. The intracellular enzyme capacity
is divided into bound and free factions. The bound fraction comprises all active forms
of enzymes and proenzymes that are located inside of the endoplasmic reticulum, Golgi
apparatus and lysosomes. Unlike those the free fraction contains only active form of
enzymes present in cytoplasm and is not connected with any endoplasmic membranes
(1, 3, 17).

Presently, the eucariotic endopeptidases – catehepsins – are among the most
extensively studied groups of lysosomal enzymes. According to the classification of the
International Union of Biochemical and Molecular Biology, which is based on
mechanism of enzyme activity, structure of catalytic centre, optimum pH and sensitivity
to inhibitors, cathepsins are divided into 4 primary groups: cysteine carboxypeptidases
(EC 3.4.18) – cathepsin X; serine endopeptidase (EC 3.4.21) – cathepsin G; cysteine
endopeptidase (EC 3.4.22) – cathepsin B, L, H, T, S, K, F, O and V; and aspartic
endopeptidase (EC 3.4.23) – cathepsin D and E (9).

Special interest is given to cathepsin D (EC 3.4.23.5) which is involved in a variety
of physiological processes such as proenzyme activation, enzyme inactivation, antigen
presentation, hormone maturation, tissue remodelling, and bone matrix resorption (9,
11, 25, 33, 34). Elevated activity of this enzyme was also observed in many tumors
including cancer of the breast, liver and prostate, as well as other pathological processes
e.g. muscular dystrophy, hepatic cirrhosis, degenerative joint disease, and Alzheimer
disease (2, 7–9, 15, 22, 23, 25, 29, 30, 34).

Experimental studies showed that expression of the cathepsin D gene, located on
the short arm of the 11th chromosome (11p15.5) in human, is regulated by different
steroid hormones, mostly estrogen and progesterone, and by growth factors like EGF,
IGF-1 and TGF-D (2, 7, 23, 28, 32, 35). During the gen transcription the 1988 base long
mRNA is synthesized, which in the course of translation produces pre-pro-cathepsin D
of 412 amino acids (54 kDa). Post-translational modification, such as cutting off the N-
terminal 20 amino acid fragment, glucosidation and phosphorylation, occurs in the
endoplasmatic reticulum and later in the Golgi apparatus (26). This pre-cathepsin D is
bound into the mannose-6-phosphate receptors and transferred to lysosomes, where due
to acidic environment of this compartment the receptors split off and are excreted back
to the Golgi apparatus (17). The succeeding modification such as cutting of the N-
terminal 44 amino acid fragment and forth covalent modification form the catalytically
active single and finally the mature double-chain cathepsin D molecule. The mature
enzyme contains 339 amino acids (48 kDa) and is composed of the light (14 kDa) and
heavy (34 kDa) chains. The quaternary structure is stabilised by a number of disulphide
bonds (3, 9, 30).

In spite of the well-established and documented molecular aspects of cathepsin D
physiology, its expression and distribution in several organs and tissues are still unclear.
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The aim of the current study was to estimate the physiological activity and distribution
of cathepsin D in mature rat liver using biochemical and immunohistochemical
methods. The paper presents summary results of different experiments conducted
previously for various scientific reasons. It was also important to evaluate the
usefulness of the new, simple immunohistochemical Cathepsin D Kit for rat studies
since only about its cross reactivity little information is available in the current
literature.

Materials and Methods

The whole experiment was based on an animal experimental model, designed according
to the general principles for animal experimentation (13) and the guidelines
(#0038/2000) of the Local Bioethical Committee.

The experiment was conducted with outbred male Wistar having with initial body
weights of 180r15 g. The animals were housed in standard laboratory plastic cages
(maximum 5 rats per cage) at a room temperature of 20r3 °C in a daylight cycle.
Standard laboratory chow LSM� (Wytwornia Pasz, Motycz – Poland) and filtered tap
water were provided ad libitum. Food and water consumption were monitored daily.

The rats were individually identified by ear clipping done on the 5th day of the
quarantine. After a two-week acclimation period, the animals were gathered in four
groups, a minimum of 10 in a group. No xenobiotics were given to the animals through
the entire experiment. The weight gain was monitored on days 0 and 4, then weekly
until the day of the sacrification.

The animals were sacrificed consecutively on days 4, 42, 47 and 84 of the
experiment, that corresponds to the 10th, 16th, 17th and 22nd week of postnatal age,
respectively.

Animals were dissected immediately after decapitation. Internal organs were
investigated during autopsy. The whole liver was removed. For immunohistochemical
staining fragments of the liver were fixed in 10% buffered formaldehyde solution,
processed routinely, embedded into paraffin blocks and sectioned of 4 Pm slides. The
Cathepsin D Kit (NCL-CathD-Paraffin, Novocastra Laboratories Ltd.; Newcastle, UK)
with monoclonal mouse anti-human cathepsin D antibody (clone C5) was used
according to the directions of the manufacturer. Epitope retrieval was applied with two
cycles of heating in a microwave oven at 750 W for 5 minutes. The positive control was
the sample of invasive ductal breast cancer, known to be strong by cathepsin D positive.
The negative control was the section treated in the same way as in the study group, but
with the omission of the primary antibody. The evolution of immunostaining was done
by light microscope (Axioscop – Zeiss, Germany).

The remaining parts of the liver were frozen in liquid nitrogen and stored at –
20 °C. Each liver, after being defrosted at the temperature of melting ice, was dissected,
and a small part (about 1 g) of the right lobe was taken for biochemical investigation.
The liver fragments were homogenised in 0.3 M sucrose at 4 °C in proportions of 1 g of
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tissue to 5.0 ml of sucrose (Sigma Chemical Co., St. Louis, MO., USA). The
homogenate was centrifuged at 2.200 g at 4 °C for 10 minutes. The supernatant was
decanted and centrifuged at 35,000 g for 20 minutes. The supernatant contained the free
fraction of enzyme. The precipitate was suspended in 5.0 ml of 0.3 M sucrose
containing 0.1% Triton X-100 (Sigma Chemical Co., St. Louis, MO, USA), and stored
for 24 hours at 4 °C. Triton was used to rupture the lysosomal membrane. After
centrifugation at 35.000 g for 20 minutes, the supernatant contained the fraction of the
bound enzyme.

Cathepsin D activity and protein level were assayed spectrophotometrically using
substrates (Sigma Chemical Co., St. Louis, MO, USA) which form coloured complexes
when reacted with the proteases. The whole method is described in detail elsewhere (5,
18, 21).

The obtained data were analyzed using STATISTICA 5.0 on a PC computer. The
homogeneity of variances was examined using Kolmogoroff-Smirnoff test. Normal
distribution data was analysed by Student’s t-test. Inhomogeneous distribution data was
analysed by Mann-Whitney U test. An D=0.05 (p<0.05) was considered significant.

Results

There were no animal deaths, behavioural or any other clinical signs in the course of the
experiment. No significant differences in food and water consumption or body weight
gain were noted among the studied groups.

Immunohistochemical examination showed well stained Browicz-Kupffer cells
(Kupffer cell) in several rat liver specimens in all experimental groups (Fig. 1). The
staining pattern was cytoplasmic and granular. The positive reaction was observed in 7,
6, 5 and 6 livers obtained from rats sacrificed on days 4, 42, 47 and 84, respectively, of
the study (Table I). However, a lack of immunohistochemical reaction was also seen in
some of the livers. Occasionally, positive immunostaining of endothelial cells of central
veins was also observed, even in livers with negative stained Browicz-Kupffer cells
(Fig. 2, Table I). No activity of cathepsin D in hepatocytes was detected.

Statistical analysis showed insignificant differences in activity of the free and
bound fraction of cathepsin D among the different age groups (Table I). However, the
higher (p>0.05), age-related activity of the free fraction was observed in the youngest
and in the two-middle groups of rats that were sacrificed on day 42 and 47 of
experiment when compared with the oldest group. The bound fraction did not present
such changes.

The positive immunostaining was found in livers with higher enzyme activity in
biochemical investigation (Fig. 3). Significant elevation of the free and bound fractions
was noted in positive cathepsin D immunostained livers (n=25) when compared with
livers that lacked enzyme immunoexpression (n=15) (Table II).
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Fig. 1. Positive immunostaining for cathepsin D in Browicz-Kupffer cells (arrows) in rat liver (magn. u200)

Fig. 2. Positive immunostaining for cathepsin D in endothelial cells of central vein (arrows)
in rat liver with negative Browicz-Kupffer cell staining (magn. u200)
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Table I

Summary results of immunostaining and biochemical evaluation of the free (F) and bound (B)
fractions of the hepatic cathepsin D in examined groups

Day of
sacrification

Age
(weeks)

N Positive cell
immunostaining

Cathepsin D activity (nmol/1g of protein)

Browicz-
Kupffer

Endothelial Fraction MeanrSD MIN MAX

4 10 10 7 2 F 79.14r6.67 68.12 93.23
B 67.43r5.86 57.03 74.45

42 16 10 6 - F 78.02r10.73 64.55 98.45
B 67.98r6.40 58.00 76.52

47 17 10 5 1 F 77.52r6.65 70.02 91.32
B 67.49r4.42 62.00 73.03

84 22 10 6 1 F 76.14r7.83 68.44 90.45
B 67.33r3.79 62.34 73.48

N – number of animals per group
SD – standard deviation
MIN – minimal value
MAX – maximal value
F – free fraction
B – bound fraction

Fig. 3. Distribution of the activity of the free and bound fractions of hepatic cathepsin D (nmol/mg of protein)
in day 4, 42, 47 and 84 of the experiment. The positive immunostaining are crossed with “X’s”
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Table II

Activity of the free (F) and bound (B) fractions of cathepsin D in the positive and
negative immunostained livers

Immunostaining N Cathepsin D activity (nmol/1g of protein)
fraction MeanrSD MIN MAX

Positive 25 F 80.97r8.08* 64.55 98.45
B 69.69r4.22* 58.00 76.52

Negative 15 F 72.25r3.30 68.12 78.45
B 64.00r4.10 57.03 72.33

N – number of animals per group
SD – standard deviation
MIN – minimal value
MAX – maximal value
F – free fraction
B – bound fraction
* – p<0.001 when compared with the corresponding fraction from the negative
immunostained liver group

Discussion

Our biochemical results showed insignificant differences of the liver cathepsin D
activity among various age groups. Higher activity of the free fraction of the enzyme
over the bound one was the only trend, and it was consequently observed in all the
groups. Such results were seen previously in livers obtained from animals exposed to
various xenobiotics like histamine H2 receptor antagonists, proton pump inhibitors and
others, as well as intraperitoneally injected with physiological saline (4, 5). Similar
profiles of free and bound fractions were also observed in rabbits and other
experimental animals (3, 12, 21). Different control values observed among those studies
are secondary to the different methodology used to determine enzyme activity and to
species differences (3, 36). It should be noted that cathepsin D activity, in spite of the
enzyme autolysis stability, is very labile since it could be elevated in direct tissue
pathology, as well as in reaction process to diseases of the other organs (3, 6).

Different tissues and organs have their own specific enzyme activity, which vary
among animal species. The differences were also noted between various groups of cells
that form organs and even in various cell fractions. Similarly to our results, Knook (14)
and Ansorge et al. (1) have reported that in the liver the highest total activity of
cathepsin D is presented in Browicz-Kupffer cells. Their activity is at least three times
higher than that in endothelial cells and about 5 to 24 times higher than the activity in
hepatocytes. These results were later proved by Yokota et al. (37). Other studies done in
rat liver and lung of guinea pig have shown that the lysosomal fraction has the highest
intracellular cathepsin D activity (10, 12). About 50% lower activity was noted in
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mitochondrial fraction. The cytoplasmic, microsomal and nuclear fractions presented
lower enzyme activity. Their activity was higher in lung than in liver, which did not
reach 10% of the lysosomal one.

Cathepsin D like other enzymes are heterogenic proteins. Different molecular
forms have been detected already in various species. They differ in amino acid formula,
molecular weight, spatial structure and isoelectric point. However, molecular
mechanism of action and structure of the catalytic site is the same for all kinds and is
formed by the present sequence Ile-Val-Asp-(Trp-Gly-Ther-Ser) (36). Different
isoenzymes have been also obtained from single organs, e.g., 12 and 10 isoforms were
detected in bovine uterus and spleen, respectively (27, 31). It was also proved that in
pathological processes the new isoenzymes are synthesised. For example, cathepsin D
obtained from the prostate cancer, unlike from the breast cancer, has a higher activity to
release angiotensin from plasminogen (34). Similarly, the MCF-7 line of human
hepatocellular cancer synthesizes cathepsin D with high contents of sialic acid and
phosphate residues (8, 22).

Various molecular structures, especially amino acid contents, require other
immunological properties that are the same for a given same species and different for
heterogenic organisms. However, it spite of all the differences the monoclonal antibody
against human cathepsin D seems to be useful for rat tissues examination, since similar
staining, pattern and intensity was obtained in the positive human control tissue. Such
cross-reactivity between rat and human was seen previously for various enzymes,
receptors and other protein cell structures like receptors, filaments and regulated
proteins (24).

It could be concluded that no differences in activity of hepatic free and bound
fractions of cathepsin D were revealed in male Wistar rats of various reproductive age.
The highest activity of cathepsin D was observed in rat Browicz-Kupffer cells when
immunostained with the Cathepsin D Kit.
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