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Cathepsin B is a lysosomal cysteine proteinase
that has the ability to degrade several extracel-
lular matrix components at both neutral and
acidicpHand bas been implicated in theprogres-
sion of several buman and rodent tumors. We
bave studied the expression ofcathepsin B in hu-
man colorectal tissues using a monospecificpoly-
clonal rabbit antibody raised againsthuman liver
cathepsin B In immunoblots ofnormal and neo-
plastic colorectal tissues this antibody specifi-
caly recognized only cathepsin B We studied 101
cases offormalin-fixed, paraffin-embedded tis-
sue (15 normal mucosa, 17 adenomas, and 69
carcinomas). Epitbelial ceUs of normal mucosa
and adenomas were either negative or showed a
weak granular reactivity located in the
paranuclear and apical cytoplasm ofsuperflcial
ceUs. SmaU clusters ofhistiocytes were alsoposi-
tive in the region of the superficial area of the
lamina propria. In carcinomas, increased ex-
pression ofcathepsinBcorrelated with advanced
stage ofthe disease. Increased immunoreactivity
ofcathepsin B in malignant ceUs was associated
with either a diffuse cytoplasmic staining or was
polarized to the basalpole ofthe ceUs. This is in
contrast to the punctate paranuclear staining
pattern observed in normal colonic mucosal ceUs.
In tumor stromal cells, increased expression of
the enzyme correlated with neoplastic progres-

sion. Expression of high levels ofcathepsin B in
the tumor epithelial ceUs was associated with a
significantly sborter survival of the patients. In
conclusion, our results indicate that cathepsin B
expression is up-regulated in human colorectal
carcinomas compared witb normal mucosa and
adenomas and correlates with tumor progres-
sion. (AmJ Pathol 1994, 145:301-309)

The ability of tumor cells to invade tissues and me-
tastasize is thought to involve an increased expres-
sion of proteinases and/or a decrease in the levels of
proteinase inhibitors.1 Proteinases may facilitate me-
tastasis in a number of different ways including de-
tachment of individual cells from the primary tumor,
invasion of surrounding tissues to allow contact with
vascular channels, degradation of the basement
membrane during both intravasation and extravasa-
tion, and invasion of tissues during formation of sec-
ondary tumor sites.

Several classes of proteinases have been impli-
cated in this process including matrix metalloprotein-
ases, cathepsins B and L (cysteine proteinases), ca-
thepsin D (aspartic proteinase), and plasminogen
activator.7 The function of each of these enzymes in
malignant human tumors is an area of active inves-
tigation. It is possible that human tumors may use
combinations of these enzymes working synergisti-
cally to facilitate invasion, or, alternatively, one spe-
cific proteinase may play a dominant role in tissue
invasion for a given cancer. Cathepsin B is a lysoso-
mal cysteine proteinase that functions in the normal
turnover of proteins in mammalian cells. The enzyme
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exhibits broad substrate specificity and has been
shown to degrade several extracellular proteins at
both acid and neutral pH.89 Several human and ro-

dent tumor cell lines exhibit quantitative and qualita-
tive differences in the regulation of cathepsin B in-
cluding increased synthesis, secretion of the
proenzyme into the extracellular environment, and as-

sociation of the active enzyme with the plasma mem-
brane fraction of highly metastatic tumor cell lines.4

Colon carcinoma is the second leading cause of
cancer deaths in the Western population. The major-
ity of these deaths are attributable to either local tumor
invasion or distant metastases.10 Several proteinases
have been implicated in these processes. Stetler-
Stevenson et a 11 reported that the mRNA and protein
levels of the 72-kd type IV collagenase increase with
the advanced Dukes' stage of the tumors. Maciewicz
et al12 found that malignant colon tumor cells in cul-
ture secrete and process the precursor forms of both
cathepsins B and L and that these purified enzymes

were capable of degrading an isolated basement
membrane matrix. Keppler et al13 studied the immu-
nohistochemical expression and localization of ca-

thepsin B in normal human colon tissue and adeno-
carcinomas. They reported an increase in cathepsin
B immunostaining in carcinomas in general, although
they did not determine the levels of expression within
the various tumor stages and the antibody used in
their study also cross-reacted with cathepsins H and
L. 13

Defining the role of proteinases in the invasiveness
of colon tumors is important with regard to under-
standing the biology of this process as well as in the
search for potential prognostic markers and targets
for therapeutic intervention. The objectives of this
study were to examine the levels of cathepsin B in a

series of colon carcinoma cases and in normal mu-

cosa and adenomas. Using standard immunohisto-
chemical techniques on formalin-fixed, paraffin-
embedded tissues we determined that colon
carcinoma shows an increased expression of cathep-
sin B, which further correlates with the stage of the
disease. In contrast, both adenomas and normal co-

lon mucosa showed only limited staining. Increased
expression of the enzyme was also associated with a

significantly shorter survival time.

Materials and Methods

Tissues

One hundred and one cases representing normal co-

lon tissue, adenomas, and stages through IV colon
carcinomas14 were obtained from the files of the Hos-

pital Clinico Provincial de Barcelona. The cases were
randomly selected from a series of patients operated
on between 1986 and 1989 with fully documented
clinical history, staging investigations, and follow-up.
Slides and paraffin blocks were obtained in all cases.
The cases included normal mucosa (n = 15), adeno-
mas (n = 17), stage (n = 8), stage 11 (n = 20), stage
Ill (n = 30), and stage IV (n = 11). The carcinomas
included well differentiated (n = 5), moderately dif-
ferentiated (n = 47), poorly differentiated (n = 1 1),
and mucinous tumors (n = 6).15 Adenomas were ob-
tained from both surgically removed specimens and
fiberoptic biopsies. Normal mucosa samples were
selected from normal areas of surgical specimens. All
tissues were routinely fixed in 10% buffered formalin
and embedded in paraffin.

Preparation of Monospecific
Anticathepsin B IgG

Antisera were raised in rabbits (New Zealand white
male) against the native double chain form of human
liver cathepsin B, as we have described.16 An IgG
fraction was purified by our described procedures16
and stored at -20 C. The specificity of the IgG for
cathepsin B has been confirmed by slot blotting using
purified cathepsin B and cathepsin L and by immuno-
blotting using purified cathepsin B and extracts (ac-
etone fractions) of normal human liver and human sar-
coma.16 The monospecific anticathepsin B IgG
recognizes single chain and double chain forms of
the mature enzyme16 and immunoprecipitates mature
and pro forms of the enzyme.17

Immunoblotting

Four matched pairs of normal and cancerous human
colon tissues were processed as for partial purifica-
tion of protein (ie, acid precipitation and acetone frac-
tionation steps) using our published protocols.16 The
partial purification of protein is necessary for subse-
quent electrophoresis and does not appreciably in-
crease the percentage of cathepsin B protein in the
sample.16 Acetone fractions were dialyzed and con-
centrated in Centricon microconcentrators (Amicon,
Danvers, MA). For each pair, all of the concentrated
sample was electrophoresed in 12% polyacrylamide
gel slabs and transferred to nitrocellulose mem-
branes. Human liver cathepsin B, purified according
to our published protocol,16 also was electropho-
resed in 12% polyacrylamide gel slabs and trans-
ferred to nitrocellulose membranes. Membranes were
developed with an enhanced chemiluminescence
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Western blot detection system using dry milk (10%)
and Tween as blocking agents.

Immunohistochemistry

Immunohistochemical staining was performed using
the avidin-biotin-peroxidase complex technique
(Vectastain ABC kit; Vector Laboratories, Burlingame,
CA). The slides were dewaxed in xylene and then re-
hydrated. The endogenous peroxidase was blocked
with 3% H202 for 8 minutes. The sections were next
incubated with normal goat serum for 20 minutes, fol-
lowed by an overnight incubation with the primary
antibody at 4 C. The biotinylated goat anti-rabbit IgG
and the avidin-biotin-peroxidase complex were di-
luted in the same buffer and incubated for 30 and 45
minutes, respectively, at room temperature. Slides
were washed three times with Tris-buffered saline
after each incubation. Peroxidase activity was devel-
oped by a solution of 5 mg of 3-3' diaminobenzidine
tetrahydrochloride (DAB; Sigma Chemicals St. Louis,
MO) dissolved in 10 ml of 0.05 M Tris buffer, pH 7.6,
and 0.03% of H202. The DAB solution was filtered and
the sections were incubated under microscopic con-
trol. Harris' hematoxylin was used to counterstain the
slides. Control slides were produced by replacing the
primary antibody with the IgG fraction of normal rabbit
serum.

The immunostained sections were evaluated inde-
pendently by two observers. A case was considered
negative when no immunoreactivity was seen or it was
detected in less than 1% of the cells, low cathepsin
B expression when less than 25% of the tumor cells
were positive, and high cathepsin B expression when
immunoreactivity was found in more than 25% of the
tumor cells. Epithelial and stromal cells were evalu-
ated separately. Interpretation was reproducible be-
cause the two observers only disagreed in the evalu-
ation of the epithelium in five (6%) cases and in the
stroma in 8 (9%) cases. Discrepant results were re-
viewed and an agreement was reached. For statisti-
cal analysis, negative cases were included in the low
cathepsin B expression group and compared with
high cathepsin B expression cases.

Statistical Analysis

Contingency tables and the x2 test were used for
comparison between frequencies. The Kaplan-Meier
method was used to calculate the probability of sur-
vival as a function of time.18 The Mantel-Haenszel
procedure was used to evaluate the significance of
the difference between a pair of Kaplan-Meier
curves. 19

Results

Antibody Specificity

Our results indicate that the antibody against cathep-
sin B specifically recognizes only cathepsin B in
samples of human liver and colon carcinomas. Im-
munohistochemical staining with normal human liver
sections revealed punctated cytoplasmic staining in
hepatocytes consistent with the localization of a ly-
sosomal enzyme and intense staining of Kupffer cells
(data not shown). Immunoblotting against samples
from different stages of purification of cathepsin B
from normal human liver revealed cross-reactivity with
mature cathepsin B (single chain and double chain
forms) (Figure 1).

Immunoblotting against four matched sets of ex-
tracts from normal colon mucosa and carcinoma from
the same patient revealed similar specificity of the
antibody (Figure 2). Three of the four tumor samples
showed an increase of cathepsin B protein levels
compared with the normal mucosa (Figure 2, samples
1 to 3). The increased staining of tumor samples 1 to
3 on the immunoblot correlated with the positivity of
the tissue section immunostaining for each case,
whereas the tumor from sample 4 showed little in-
crease in immunostaining compared with the normal
mucosa. The higher molecular weight bands repre-
sent the single chain form of cathepsin B. The lower
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Figure 1. Immunoblot of normal human liver. Samples (<1 ,Ig/lane)
from human liver were electrophoresed in 12% polyacrylamide gels
and electrophoretically transferred to a nitrocellulose membrane. The
membrane was developed using an antibody to human liver cathep-
sin B. Lanes represent: 1, acetonefraction; 2, pooled affinityfraction;
3, mono-Sfraction. Molecular masses (M) are indicated at the right.
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-66 molecular weight bands exhibiting cross-reactivity
with the antibody are most likely proteolytic fragments

-45 of cathepsin B because the enzyme has been shown
to undergo autolysis while working at or near neutral

-36 pH.9
-29

Cathepsin B Expression in Normal
-20 Mucosa and Adenomas

-14 Epithelial cells of normal mucosa were either negative

or reveaiea a minimai granuiar staining uocatea in tne
1N IT 2N 2T 3N 3T 4N 4T paranuclear and apical area of the cytoplasm of su-

Figure 2. Immunoblotoffourmatchedsets ofcolon tumorand normal perficial columnar cells (Figure 3, A). Small clusters of
colon mucosa. Four matched pairs of normal and cancerous human
colon tissue wereprocessedasforpartialpurification ofcathepsin B. For immunoreactive macrophages were also seen in the
each pair, all of the concentrated sample was electrophoresed in 12%o upper area of the lamina propria in all the cases of
polyacrylamide gel slabs and transferred to nitrocellulose membranes.
The membrane was developed using an antibody to hulman liver ca- normal mucosa. Similarly, adenomas were negative
thepsin B. Lanes 1 to 4 represent the ibur patient samples of normal or showed a weak staining with the same paranuclear
colon tissue (N) and colon tumor ( T), respectively. Molecular masses
(M) are indicated to the right. pattern observed in normal mucosa (data not shown).

Figure 3. Cathepsin B immunostaining in normal colon mucosa (A) and colorectal carcinomas (B-D). A: The normal mucosa shows granular
staining in paranuclear and apical areas of the cytoplasm in the superficial epithelial cells. Clusters of macrophages in the upper area of the
lamina propria are also positive (immunoperoxidase-hematoxyline, X 400). B: Cathepsin B positivity in infiltrating epithelial cells shows a diffuse
cytoplasmic pattern (immunoperoxidase-hematoxyline, X 200). C: Basalpolarization of cathepsin B immunostaining in malignant epithelial cells
(arrows) (immunoperoxidases-hematoxyline, X 400). D: Cathepsin B immunoreactivity in peritumoral stromal cells. Adjacent tumor epithelial cells
are negative (immunoperoxidase-hematoxyline, x 200).
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Cathepsin B Expression in Colorectal
Carcinomas

When compared with normal mucosa and adenomas,
cathepsin B expression in carcinomas showed an in-
crease that correlated with the stage but not the his-
tological classification (P = 0.9) (Tables 1 and 2). In
well differentiated areas the pattern of staining was

similar to normal cells with a granular paranuclear dis-
tribution. However, in the majority of the positively
staining tumors, neoplastic cells showed a granular
staining that was either diffuse throughout the cyto-
plasm (Figure 3, B) or polarized to the basal pole of
the cells (Figure 3, C). Epithelial cathepsin B immuno-
staining correlated with the progression of the tumors
because none of the 8 stage carcinomas, 25% (5 of
20) of stage 11 carcinomas, 44% (13 of 30) of stage Ill

carcinomas, and 72% (8 of 1 1) of stage IV carcinomas
showed a high cathepsin B immunoreactivity (P =

0.001) (Table 1). No correlation was found between
cathepsin B immunostaining and tumor size or loca-
tion.

Immunoreactivity was observed in stromal fibro-
blasts and macrophages in almost all of the cases.
These cells were seen throughout the tumors but were
often associated with nests of malignant cells at the
infiltrating edge of the tumor (Figure 3, D). The fre-
quency of positive staining stromal cells varied be-
tween the cases. A correlation was observed with the
stage of the carcinomas (P < 0.05) but not with the
histological classification of the tumors (Tables 1 and
2). Cathepsin B expression in stromal cells also cor-

related with the expression of the enzyme in the tumor
epithelial cells (P = 0.045) (Table 3).

Cathepsin B Expression and Survival

High cathepsin B expression in tumor epithelial cells
was associated with a significantly shorter overall sur-

vival of the patients (P < 0.001) (Figure 4). Although
a high stromal cell staining also showed a trend to-
ward a shorter survival, the difference did not reach
statistical significance (P < 0.1). Stratification of the
cases into stages 1/1I (nonmetastatic tumors) and II I/IV

(metastatic tumors) for low versus high cathepsin B
expression resulted in the survival curves shown in
Figure 5, A and C. In stage 1/11 lesions cathepsin B
expression did not correlate with survival. However, in
stage III/IV lesions survival was significantly shorter in
cases with high cathepsin B expression (P < 0.02).
Similarly, in the group of patients in stage 11/111 with an
intermediate risk of recurrence, the high expression of
cathepsin B was associated with a shorter survival
(P < 0.05) (Figure 5, B). The correlation between ca-

thepsin B expression and patient survival was also
independently evaluated within the stage II, Ill, and IV
cases. In all the groups the patients with high cathep-
sin B expression had a shortened survival time when
compared with the low cathepsin B expression cases.
However, these differences did not reach statistical
significance due in part to the small number of pa-
tients within each subset.

Discussion
The cellular regulation of proteinases in tumor inva-
sion and metastasis appears to be complex. Ulti-
mately, an invasive tumor requires proteinases that
are active and properly exposed to the extracellular
environment. Invading tumors maintain control over
the activity of these enzymes at multiple levels includ-
ing synthesis, secretion, extracellular activation/
localization, and inactivation by endogenous inhibi-
tors. It seems reasonable to assume that although
tumor invasion is facilitated by up-regulation of pro-

teinases, the tumor must retain tight control over the
activity of these enzymes to avoid the deleterious ef-
fects of unrestricted proteolysis. Once secreted into
the extracellular environment, the enzymes may be
activated/associated with either tumor cells or stromal
cells. There is an increasing body of evidence that the
invasive front of an advancing tumor represents a co-

ordinated effort among multiple cell types to produce
and regulate these enzymes.20-24

Cathepsin B is secreted in its proenzyme form by
tumors and tumor cell lines in culture.12,25-27 This is
a similar phenomenon to that observed with cathep-
sin L, a related lysosomal cysteine proteinase.

Table 1. Correlation Between Catbepsin B Expression in Tumor Epithelial and Stromal Cells and Stage in 69 Colorectal
Carcinomas

Epithelial Cells Stromal Cells
(-) Low High (-) Low High

Stage (n = 8) 5 (62%) 3 (38%) 2 (25%) 5 (63%) 1 (12%)
Stage II (n = 20) 1 (5%) 14 (70%) 5 (25%) 11 (55%) 9 (45%)
Stage liI (n = 30) 3 (10%) 14 (46%) 13 (44%) 9 (30%) 21 (70%)
Stage IV (n = 11) 3 (28%) 8 (72%) 6 (55%) 5 (45%)
Total (n = 69) 9 (13%) 34 (49%) 26 (38%) 2 (3%) 31 (45%) 36 (52%)
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Table 2. Correlation Between Cathepsin B Expression in Tumor Epithelial and Stromal Cells and the Histological Type of86
Colorectal Tumors

Epithelial Cells Stromal Cells
(-) Low High (-) Low High

Adenomas 14 (82%) 3 (18%) 6 (35%) 9 (53%) 2 (12%)
Carcinomas

Well differentiated (n = 5) 4 (80%) 1 (20%) 3 (60%) 2 (40%)
Moderately differentiated (n = 47) 7 (15%) 22 (47%) 18 (38%) 2 (4%) 21 (45%) 24 (51%)
Poorly differentiated (n = 1 1) 1 (9%) 5 (46%) 5 (45%) 4 (36%) 7 (64%)
Mucinous (n = 6) 1 (17%) 3 (50%) 2 (33%) 3 (50%) 3 (50%)

Total (n = 86) 23 (27%) 37 (43%) 26 (30%) 8 (9%) 40 (47%) 38 (44%)

Table 3. Correlation Between Cathepsin B Expression in
Tumor Epithelial and Stromal Cells

Epithelial Cells
Low Cathepsin High Cathepsin

Stromal Cells B Expression B Expression
Low cathepsin 25 8

B expression
High cathepsin 18 18

B expression
Total 43 26

OVERALL SURVIVAL COMPARING LOW AND HIGH
CATHEPSIN B EXPRESSION IN COLORECTAL CARCINOMAS.

% Cumulative survival

0 12 24 36 48 60 72 84

Time In months

Figure 4. Overall survival of patients with colorectal carcinomas
comparing low versus high cathepsin B expression. Tumors with no

cathepsin B expression (negative cases) are included in the low ex-

pression group.

Gottesman et a128 observed that transformed NIH-
3T3 cell lines secrete large amounts of procathepsin
L into the medium. The secretion of both procathepsin
B and procathepsin L is in marked contrast to the
normal processing of these enzymes by nontrans-
formed cells, where the proenzymes are targeted to
lysosomes and processed intracellularly.29 Currently,
the mechanism of extracellular activation of both pro-

cathepsin B and procathepsin L and potential sub-
strates that may be involved in tumor invasion and/or
progression remain speculative.

In addition to secretion of the proform of cathepsin
B, several tumors show a shift in the distribution of the

active enzyme from a lysosomal to a plasma mem-
brane location.30'31 The exact pathophysiological
significance of this process is not clear. The simplest
explanation is that the change in subcellular location
may facilitate exposure of the active enzyme to ex-
tracellular substrates.

The results described in this paper show an in-
crease in the expression of cathepsin B in the pro-
gression of colorectal carcinomas. The increased
staining was observed in both the tumor cells and the
associated stromal cells, although the increased tu-
mor cell staining was more closely correlated to the
stage of the disease. The increased staining of stro-
mal cells is consistent with tumors using other cell
types besides themselves to produce and/or process
proteinases during tumor invasion, similar to the find-
ings of Dano et aI21 with urokinase-type plasminogen
activator. The correlation observed in this series be-
tween cathepsin B expression in epithelial and stro-
mal cells may suggest a cooperation between these
two types of cells in the progression of the tumor.
We also observed a qualitative difference in the

staining between the normal colonic mucosa and the
highly invasive tumors. Normal mucosal cells showed
characteristic punctate paranuclear staining, consis-
tent with a lysosomal distribution of cathepsin B. In
contrast, the invasive tumors showed either a diffuse
cytoplasmic pattern or localization of the enzyme in
the basal pole of the cells adjacent to the stroma. One
can speculate that this staining pattern represents ei-
ther plasma membrane-associated enzyme or en-
zyme associated with small vesicles in the cell pe-
riphery; however, resolution of this question depends
on ultrastructural immunolocalization studies.

Patients with colorectal tumors expressing high
levels of cathepsin B had a significantly shortened
survival time. This relationship was limited to those
patients with metastatic lesions (stage III and IV) (Fig-
ure 5, B) and patients with an intermediate risk of re-
currence (stage 11/111). In the group of advanced tu-
mors (stage III/IV), after 2 years of follow-up, 25% of
the patients with high expression of cathepsin B were
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OVERALL SURVIVAL COMPARING LOW AND HIGH
CATHEPSIN B EXPRESSION IN STAGE Ull COLORECTAL CARCINOMAS.

A
% Cumulative survival

OVERALL SURVIVAL COMPARING LOW AND HIGH
CATHEPSIN B EXPRESSION IN STAGE 1111 COLORECTAL CARCINOMAS.

B
% Cumulative survival

P: NS

HIGH
LOW

0 12 24 36 48 60 72 84

Time In months Time in months

OVERALL SURVIVAL COMPARING LOW AND HIGH
CATHEPSIN B EXPRESSION IN STAGE III/IV COLORECTAL CARCINOMAS.

C
% Cumulative survival

Figure 5. Overall survival ofpatients with (A) stage I and II, (B) stage
II and III, and (C) stage III and IV comparing low versus high cathep-

4 sin B expression. Tumors with no cathepsin B expression (negative
Time In months cases) are included in the low expression group.

alive compared with 65% of those with low expression
of the enzyme. We did not see a difference in survival
curves for the patients with nonmetastatic lesions
(stage and 11) (Figure 5, A). At 3 years of follow-up
75% or more of the patients with nonmetastatic le-
sions from both the low and high expressors of ca-

thepsin B were alive. Surgical resection is generally
a curative procedure in these patients, thus it is not
possible to assess whether the tumors with high ca-

thepsin B expression represent more aggressive le-
sions. Based on these findings we cannot suggest
that cathepsin B is an independent prognostic marker
in colorectal tumors, however, we can conclude that
increased cathepsin B expression correlates with ag-

gressive tumor behavior and tumor progression.
Similar to our findings with increased cathepsin B

expression, anomalies in the deposition of laminin
and type IV collagen are associated with the progres-
sion of colorectal carcinomas32-34 and with short-
ened patient survival in metastatic tumors (stage Ill/
IV) but not in nonmetastatic lesions (stage 1/11).3233
The mechanism(s) leading to basement membrane
anomalies in tumors is not known; however, it may

include either a decrease in the synthesis or secretion
of basement membrane components by tumor cells,
or, alternatively, an increase in degradation of base-
ment membrane components by specific proteinases
elicited by tumor and/or stromal cells. Our findings
suggest that cathepsin B in colorectal carcinomas
could play a role in degrading extracellular matrix
proteins, including basement membrane laminin9
and contribute to the progression of these tumors.

The results of this study appear to disagree with the
findings of Murnane et a135-37 who have reported de-
creased levels of cathepsin B activity and mRNA in
Dukes' stage C and D tumors compared with stage A
and B lesions. The reasons for this discrepancy are

not clear. Our study used immunohistochemical stain-
ing of fixed tissues to examine the total cathepsin B
protein in these tumors, including proenzyme, mature
enzyme, and mature enzyme complexed with inhibi-
tor. Thus, the level of protein detectable by immuno-
staining in these sections may not necessarily corre-

late with the level of active enzyme. The decrease in
mRNA observed by Murnane et a135 in these tumors
compared with the increased immunostaining that we
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observed may indicate a difference in the transla-
tional control and/or posttranslation processing of the
enzyme once it has been synthesized in these more
advanced lesions.

There are many features of cathepsin B regulation
and localization within tumors that remain to be de-
termined. The proper activation and placement of an
enzyme within a tumor is critical to its role in tumor
invasion. Studies of cathepsin B activity with homog-
enized tissue, as conducted by Murnane et al,35'36
allow for determination of overall levels of enzyme ac-
tivity within a tumor but may not reflect the specific
events occurring in the region of actual tumor inva-
sion. Studies on fixed tissue sections, such as the one
we report here, provide information regarding the lev-
els of cathepsin B protein in the different regions and
cell types within a tumor but do not provide informa-
tion regarding the particular form of the enzyme, its
relationship to endogenous inhibitors, or its subcel-
lular location. Future studies to address these con-
cerns are needed to fully understand the role of ca-
thepsin B in the biology of human colorectal tumors.

Acknowledgments
We thank Begona Alonso and Irazema Nayach for
excellent technical assistance. We also thank Man-
soureh Sameni and Nancy Day for their work in prepa-
ration of cathepsin B antigen and antibody.

References
1. Gottesman MM: Introduction: do proteases play a role

in cancer? Semin Cancer Biol 1990, 1:97-98
2. Liotta LA, Stetler-Stevenson WG: Metalloproteinases

and cancer invasion. Semin Cancer Biol 1990, 1:99-
106

3. Matrisian LM, Bowden TG: Stromelysin/transin and tu-
mor progression. Semin Cancer Biol 1990, 1:107-115

4. Sloane BF: Cathepsin B and cystatins: evidence for a
role in cancer progression. Semin Cancer Biol 1990,
1:137-152

5. Kane SE, Gottesman MM: The role of cathepsin L in
malignant transformation. Semin Cancer Biol 1990,
1:127-136

6. Rochefort H: Biological and clinical significance of ca-
thepsin D in breast cancer. Semin Cancer Biol 1990,
1:153-160

7. Blasi F, Verde P: Urokinase-dependent cell surface
proteolysis and cancer. Semin Cancer Biol 1990,
1:117-126

8. Maciewicz RA, Wotton SF, Eherington DJ, Duane VC:
Susceptibility of the cartilage collagens types 11, IX
and Xl to degradation by the cysteine proteinases,
cathepsins B and L. FEBS Lett 1990, 269:189-193

9. Buck MR, Karustis DG, Day NA, Honn KV, Sloane BF:
Degradation of extracellular-matrix proteins by human
cathepsin B from normal and tumour tissues. Biochem
J 1992, 282:273-278

10. Cohen AM, Shank B, Friedman MA: Colorectal cancer.
In Cancer: Principles and Practice of Oncology. Ed-
ited by DeVita VT, Helman S, Rosenberg SA. Philadel-
phia, PA, B Lippincott Company, Vol 1, 1989, pp 896-
964

11. Levy AT, Cioce V, Sobel ME, Garbisa S, Grigioni WF,
Liotta LA, Stetler-Stevenson WG: Increased expres-
sion of the Mr 72,000 type IV collagenase in human
colonic adenocarcinoma. Cancer Res 1991, 51:439-
444

12. Maciewicz RA, Wardale JR, Etherington DJ,
Paraskeva C: Immunodetection of cathepsins B and L
present in and secreted from human premalignant
and malignant colorectal tumour cell lines. Int J Can-
cer 1989, 43:478-486

13. Keppler D, Fondaneche MC, Dalet-Fumeron V, Pa-
gano M, Burtin P: Immunohistochemical and bio-
chemical study of a cathepsin B like proteinase in hu-
man colonic cancers. Cancer Res 1988, 48:6855-
6862

14. Hermanek P, Sobin LH, eds: UICC TNM Classification
of Malignant Tumors. 4th ed, 2nd rev. Berlin, Springer-
Verlag, 1992

15. Morson B, Sobin L: Histological Typing of Intestinal Tu-
mors: International Histological Classification of Tu-
mors, n 15. Geneva, WHO, 1976

16. Moin K, Day NA, Sameni M, Hasnain S, Hirama T,
Sloane BF: Human tumour cathepsin B: comparison
with normal human liver cathepsin B. Biochem J 1992,
285:427-434

17. Sloane BF, Sameni M, Cao L, Rozhin J, Moin K: Al-
tered regulation of cathepsin B in malignancy. In Bio-
logical Functions of Proteases and Inhibitors. Edited
by Katunama N, Suzuki K, Travis J, Fritz H. Tokyo,
Japan Scientific Societies Press, 1994

18. Kaplan E, Meier P: Non-parametric estimation from in-
complete observations. J Am Stat Assoc 1958, 53:
457-481

19. Mantel N: Evaluation of survival data and two new
rank order statistics arising in its consideration. Can-
cer Chem Rep 1966, 50:163-170

20. Ossowski L, Clunie G, Masucci MT, Blasi F: In vivo
paracrine interaction between urokinase and its re-
ceptor: effect on tumor cell invasion. J Cell Biol 1991,
115:1107-1112

21. Pyke C, Kristensen P, Ralfkaier E, Grondahl-Hansen J,
Eriksen J, Dano K: Urokinase-type plasminogen acti-
vator is expressed in stromal cells and its receptor in
cancer cells at invasive foci in human colon adenocar-
cinomas. Am J Pathol 1991, 138:1059-1067

22. Baici A, Knopfel M, Keist R: Tumor-host interactions in
the rabbit V2 carcinoma: stimulation of cathepsin B in
host fibroblasts by a tumor-derived cytokine. Invasion
Metastasis 1988, 8:143-158



Cathepsin B in Colorectal Carcinomas 309
AJP August 1994, Vol. 145, No. 2

23. Poulsom R, Pignatelli M, Stetler-Stevenson WG: Stro-
mal expression of 72 kDa type IV collagenase
(MMP-2) and TIMP-2 mRNAs in colorectal neoplasia.
Am J Pathol 1992, 141:389-396

24. Gray ST, Wilkins RJ, Yun K: Interstitial collagenase
gene expression in oral squamous cell carcinoma. Am
J Pathol 1992, 141:301-306

25. Recklies AD, Tiltman KJ, Stoker TAM, Poole AR: Se-
cretion of proteinases from malignant and nonmalig-
nant human breast tissue. Cancer Res 1980, 40:550-
556

26. Recklies AD, Poole AR, Mort JS: A cysteine proteinase
secreted from human breast tumors is immunologi-
cally related to cathepsin B. Biochem J 1982, 207:
633-636

27. Mort JS, Leduc M, Recklies A: A latent thiol proteinase
from ascitic fluid of patients with neoplasia. Biochim
Biophys Acta 1981, 662:173-180

28. Mason RW, Gal S, Gottesman MM: The identification
of the major excreted protein (MEP) from a trans-
formed mouse fibroblast cell line as a catalytically ac-
tive precursor form of cathepsin L. Biochem J 1987,
248:449-454

29. Erickson AH: Biosynthesis of lysosomal endopepti-
dases. J Cell Biochem 1989, 40:31-41

30. Sloane BF, Rozhin J, Johnson K, Taylor H, Crissman
JD, Honn KV: Cathepsin B: association with plasma
membrane in metastatic tumors. Proc Natl Acad Sci
USA 1986, 83:2483-2487

31. Rozhin J, Robinson D, Stevens MA, Lah TT, Honn KV,
Ryan RE, Sloane BF: Properties of a plasma mem-
brane associated cathepsin B-like cysteine proteinase
in metastatic melanoma variants. Cancer Res 1987,
47:6620-6628

32. Forster SJ, Talbot IC, Clayton DG, Critchley DR: Tu-
mour basement membrane (BM) laminin in adenocar-
cinoma of the rectum: an immunohistochemical study
of biologic and clinical significance. Int J Cancer
1986, 37:813-817

33. Havenitt MG, Arends JW, Simon R, Volovics A, Wig-
gers T, Bosman FT: Type IV collagen immunoreactivity
in colorectal cancer. Cancer 1988, 62:2207-2211

34. Hewitt RE, Powe DG, Griffin NR, Turner DR: Relation-
ships between epithelial basement membrane stain-
ing patterns in primary colorectal carcinomas and the
extent of tumour spread. Int J Cancer 1991, 48:855-
860

35. Sheahan K, Shuja S, Murnane MJ: Cysteine protease
activities and tumor development in human colorectal
carcinoma. Cancer Res 1989, 49:3809-3814

36. Shuja S, Sheahan K, Murnane MJ: Cysteine endopep-
tidase activity levels in normal human tissues, colorec-
tal adenomas and carcinomas. Int J Cancer 1991, 49:
341-346

37. Murnane MJ, Sheahan K, Ozdemirli M, Shuja S:
Stage-specific increases in cathepsin B messenger
RNA content in human colorectal carcinoma. Cancer
Res 1991, 51:1137-1142


