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Cathepsin B expression in tumour cells and
laminin distribution in pulmonary
adenocarcinoma

M Higashiyama, 0 Doi, K Kodama, H Yokouchi, R Tateishi

Abstract
Aims: To determine the correlation bet-
ween cathepsin B expression and laminin
distribution in pulmonary adenocarcin-
oma tissue.
Methods: The distribution of cathepsin B
and laminin was examined in 28 formalin
fixed, paraffin wax embedded specimens
of pulmonary adenocarcinoma tissue,
using a double immunostaining technique
with commercially available antibodies to
cathepsin B and laminin, respectively.
Results: Tumour cells in 23 (82%) cases

reacted to cathepsin B: 13 cases were

weakly positive and 10 were strongly
positive. Laminin in tumour associated
basement membrane produced various
staining patterns: two cases had an almost
continuous distribution of laminin in
tumour associated basement membrane
in the tumour tissues, while a moderately
discontinuous laminin distribution pat-
tern was found in 12 cases, and a highly
fragmented pattern was found in 14 cases.

The degree of cathepsin B expression in

tumour cells was significantly correlated
with the break up of laminin staining. In
some cases a discontinuous pattern of
tumour associated laminin was frequently
observed adjacent to cathepsin B positive
tumour cell nests.
Conclusions: Considering that cathepsin
B has the capacity to degrade basement
membrane components, including lam-
inin, the inverse correlation shown in this
study between the increase in cathepsin B
expression by tumour cells and the
diminution of laminin in tumour asso-

ciated basement membrane could reflect
local progression and spread by pulmo-
nary adenocarcinoma.
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Cathepsin B, a cystein proteinase' that is
widely distributed in lysosomes in human
tissues,2 is believed to participate in a variety of
cell functions, such as intracellular protein
degradation, cell growth, and the biosynthesis
of some peptide hormones.3"4In particular, it
has been shown biochemically that cathepsin B
has the capacity to degrade laminin protein5
which forms part of the basement membrane,
a thin sheet of extracellular matrix separating
epithelial cells from the underlying stroma. As

various types of neoplasms have been demon-
strated to produce cathepsin B,6 12 its role in
neoplasms is now actively being investigated,
with regard to the destruction of the extra-
cellular matrix prior to neoplastic invasion and
metastasis.

Recently, several human lung cancer cell
lines have been shown to produce cathepsin B
enzyme,13 and we have shown, immunohisto-
chemically, varying degrees of its expression in
surgical specimens of pulmonary adenocarci-

14noma.

Methods
Twenty eight patients with adenocarcinoma of
the lung, who had been surgically treated in
our institute, were studied. According to the
international classification,'5 15 patients were
stage I, three were stage II, and 10 were stage
IIIA. The adenocarcinoma was well dif-
ferentiated in 14 patients, moderately differ-
entiated in nine, and poorly differentiated in
four.

Specimens prepared from resected tumour
tissue, including the surrounding non-cancer-
ous tissue, were fixed in formalin and embed-
ded in paraffin wax. Each section was cut into
4 ,um thick slices. Sheep antisera to cathepsin B
were purchased from The Binding Site Ltd,
Birmingham, England, and rabbit antisera to
laminin were purchased from Chemicon Inter-
national Inc., West Temecula, California,
USA.
Double immunostaining was performed in

the same section, using the avidin-biotin com-
plex peroxidase method to detect cathepsin B
in the first step, and the avidin-biotin complex-
alkaline phosphatase method to detect laminin
in the second step. In the first step each section
was dewaxed in xylene and treated in methanol
containing 1% hydrogen peroxide to inhibit
endogenous peroxidase activity. After incuba-
tion with normal rabbit serum (1 in 50; Vector
Laboratories Inc., Burlingame, California),
anti-cathepsin B antibody (1 in 100) was
applied to each section, which was then reac-
ted with biotinylated rabbit anti-sheep gamma-
globulin (1 in 200, Vector Laboratories Inc.,
Burlingame, California). After treatment with
avidin-biotin peroxidase complex solution, the
peroxidase reactions were visualised with
0 05% 3,3'-diaminobenzidine (DAB), contain-
ing 0-01% H202 in TRIS-HCl-buffered solu-
tion (pH 7 6). In the second step each section
was incubated with 0-4% pepsin in 0-01N HCI
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Figure IA
Immunostaining for
cathepsin B in pulmonary
adenocarcinoma tissue.
Strongly positive staining
with a fine granular
pattern is observed mainly
in the cytoplasm of tumour
cells (no counterstain).

Figure lB
Immunostaining for
laminin in pulmonary
adenocarcinoma tissue.
Laminin in tumour
associated basement
membrane is distributed in
a moderately continuous
pattern (arrow). As a
positive control within the
tissues, laminin is observed
in the basement membrane
surrounding the vascular
structure (arrowhead) (no
counterstain).
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Correlation between cathepsin B expression and laminin distribution in pulmonary
adenocarcinoma tissue

Cathepsin B expressio
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The results of the immunohistochemical
study were evaluated using the X2 test. A
difference was considered to be significant
when the p value was < 0 05.

Results
0 0 The expression of cathepsin B and laminin

expression in pulmonary adenocarcinoma tis-
9 2 sues is shown in figs lA and B. Figure lA
4 8 shows positive immunoreactivity for cathepsin

tribution pattern. B, with a diffuse or fine granular staining
pattern, in the cytoplasm of some cancer cells,
obtained in the first step of the double immu-

C. Following treatment with nostaining method. Figure 1B shows laminin

xn (1 in 50), anti-laminin expression in tumour associated basement
After the membrane, obtained only in the second step of

00)wasapplied, this immunohistochemical method. As a posi-mylated goat antirabbit gam-nylatedath antirnwabbitregte tive control for laminin staining, laminin was00), each section was treated
phatase-labelled streptavidin usually detected as a distinct continuous pat-
e SABAP Kit, Nichirei Inc., tern in the basement membrane bands under-

phosphatase reactions were lying the respiratory and alveolar epithelia and

rthe HistoMark Blue test surrounding the vascular structure within the

d & Perry Laboratories Inc., same section.
which includes the Immunohistochemical analysis of the results

Iryland)m, 2-ydr. of double immunostaining showed that 23of 6-bromo-2-hydroxy- ...
d as buffered substrate cases (13 weakly positive, 1 strongly positive)
ed 4'-amino-2',5'-diethoxy- expressed cathepsin B in tumour cells, while
thaloblue solution, and acti- five showed negative immunoreactivity for

cathepsin B. In terms of laminin distribution,
for two cases showed distinct continuous, and
orniuaathesivl dctakinint focal although defective, laminin surrounding
..nltcancer cells; these were classified as almost

ntage of cathepsin B positiveritage tumof rcathuepsi B p Osi contmuous, while moderately discontinuousthe tumour tissues (<10%yo
o-80% weakly positive distribution of tumour-associated laminin was

)sitive (+ +)) Evaluation of found in 12 cases, and highly fragmented or
d laminin expression was absent bands of laminin were observed in 14ad lamini expression was

css

nin distribution pattern. This cases.ainditiuinpteThe correlation between cathepsin B ando three types: almost con-..
ly discontinuous, and highly tumour-associated laminin expression in lung*y.c-th. adenocarcinoma tissues is shown in the table.ly withinthe pericentral, The cathepsin B negative cases exhibitedarginal areas of the tumour

almost continuous distribution of laminin.neity of staining was noted in
Overall, the more strongly cathepsin B was
exhibited, the more significant was the dis-
continuous pattern of tumour-associated lam-
inin (p < 0-01).

Furthermore, some cases showed that
A tumour-associated laminin was completely

AO'. ' diminished in contact with cathepsin B positive
tumour cells, in contrast to the positive laminin
expression in the neighbourhood of cathepsin

A t * B negative tumour cells (fig 2). However, these
histological findings of an inverse correlation

#1 +between cathepsin B and laminin distribution
at the cellular level were not applicable in all

sil; ^ the cases examined.
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Figure 2 Double immunostaining for cathepsin B and laminin. While cathepsin B
negative &mour cells or nests showed continuous distribution of laminin in tumour
associated basement membrane (arrow), laminin has disappeared in the areas in contact
with cathepsin B positive tumour cells (arrowhead) (no counterstain).

Discussion
Recent studies of cathepsin B activity not only
in experimentally induced tumours,'61`9 but
also in human malignant tumour tissue, such
as that of gastric,7 colorectal,9 10 12 breast,6 8
and lung cancer'4 have shown that this enzyme
is more active in tumours with a higher grade
ofmalignant potential. In the studies ofmurine
B16 melanoma cell lines'7 '9 a highly meta-
static cell variant showed increased cathepsin B
activity, compared with a variant of low meta-
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static potential; and a significant increase in
cathepsin B activity was found in human
malignant lesions rather than in pre-malignant
lesions. 2 In pulmonary adenocarcinoma tissue
we have shown that the postoperative survival
of patients whose tissues were strongly cath-
epsin B positive was significantly lower than
that of the less positive or negative patients. 14 It
has therefore been suggested that cathepsin B
in tumour cells may have a possible role in
tumour progression, and that cathepsin B
expression may be associated with malignant
potential and may thus serve as a prognostic
indicator.

Furthermore, as laminin is now considered
to participate biologically in the attachment of
epithelial cells to type IV collagen, it seems that
tumour-associated laminin-that which is in
contact with tumour cells or tumour cell
nests-may participate in the attachment,
spreading, and migration of tumour cells into
the stroma.202' Thus the degree of tumour-
associated laminin expression or its distribu-
tion pattern in tumour tissues may be related
to the malignant potential of the tumour;
indeed, Nishino et al 22 found that a dis-
continuous pattern of tumour-associated lam-
inin in pulmonary adenocarcinoma, shown by
the same immunohistochemical analysis as
that used in the present study, may have been
closely related to prognosis.
With regard to the action of cathepsin B in

tumour progression, it has been proposed that
this enzyme has the capacity to degrade such
extracellular matrix components as collagen,
fibronectin, proteoglycans, and elastin, as well
as basement membrane components, includ-
ing type IV collagen and laminin.3 1116 In
particular, since Lah et al5 biochemically
demonstrated the proteolysis of laminin by
cathepsin B, cathepsin B activity in tumour
cells has been strongly linked with tumour
malignancy. However, to our knowledge, a
correlation between the distribution of cath-
epsin B and laminin in tumour-associated
basement membrane in tumour tissues has not
yet been reported on histological examination.
Therefore, this immunohistochemical study
may be the first report to show the inverse
correlation of cathepsin B expression and
laminin distribution pattern in such malignant
tissues as pulmonary adenocarcinoma, on
overall histological and cellular levels, using a
double immunostaining technique.
Whether the discontinuous laminin pattern

seen in tumour tissues might be a consequence
of a decrease in laminin production or whether
it might be a consequence of the degradation
of tumour-associated basement membrane by
tumour cells has not been known. From our
present findings in pulmonary adenocarci-
noma tissue, we emphasise that cathepsin B in
tumour cells may destroy basement mem-
brane, with a resulting diminution of lam-
inin. "

Cathepsin B has recently been shown to
consist of two types; one a 30-35 kilodalton
precursor form in the lysosomal fraction, and
the other a 20 kilodalton mature form in the
plasma membrane fraction. 113 1923 The latter

form in particular is considered to participate
in the degradation of basement membrane
components, indicating that the latter rather
than the former form in tumour cells is more
likely to be associated with tumour invasion
and metastasis. In fact, an immunohistochem-
ical study carried out by Erdel et al, using
cancer cell lines, revealed that the expression of
the latter form was distinct from that of the
former. Using the same immunohistochemical
methods as ours, Weiss et al," showed that
cathepsin B was detected as a well defined
granular pattern in the cytoplasm of non-
invasive tumour cells; this pattern appeared to
be present in lysosomes, while the pattern of
cathepsin B expression in invasive tumour cells
seemed to be less intense and more diffuse,
suggesting that cathepsin B may be redis-
tributed to the plasma membrane. However,
our observations showed that it appeared to be
impossible to discriminate each type in the
immunostained formalin fixed, paraffin wax
embedded specimens in this study, in which
the products of antigen-antibody reactions
were mainly observed with a diffuse or fine
granular pattern in the cytoplasm of tumour
cells. Accordingly, it appears that the total of
both cathepsin B types in tumour cells was
evaluated in the present study.
Although cathepsin B expression was, over-

all, inversely correlated with laminin distribu-
tion in pulmonary adenocarcinoma tissue,
some exceptions were observed: for instance,
two cases with negative cathepsin B expression
had a highly fragmented laminin distribution
pattern. Distinct and continuous laminin dis-
tribution patterns were also observed in some
areas of the pulmonary adenocarcinoma tis-
sues despite strongly positive cathepsin B
expression in tumour cells. Of two cases with
negative cathepsin B expression and discontin-
uous laminin distribution, it can be speculated
that cathepsin B had become unnecessary,
because laminin degradation had already been
completed, or that other proteinases, including
cathepsin L, cathepsin D, and the metal-
loproteinase family, might act independently
on laminin degradation.2' 24

In conclusion, using an immuno-
histochemical technique, we showed an inverse
correlation between cathepsin B in tumour
cells and laminin expression in tumour-asso-
ciated basement membrane in pulmonary ade-
nocarcinoma tissue. These results suggest that
cathepsin B in the tumour cells of pulmonary
adenocarcinoma, via its proteolysis of laminin,
may have an important role in tumour progres-
sion, in particular in local invasion and spread.
In future, further immunohistochemical stud-
ies, specifically regarding cathepsin B in the
plasma membrane of tumour cells, will be
required to elucidate the possible role of this
enzyme in tumour progression.

We thank Y Koyanagi and Y Funai for their laboratory
assistance.
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