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Summary Our analyses of cathepsin H activity levels and protein forms in human colorectal cancers compared to matched control mucosa
support the concept that altered proteinase expression patterns may reflect both cancer stage and site. Cathepsin H-specific activity was
significantly increased in colorectal cancers compared to control mucosa (P = 0.003; n = 77). Highest specific activities and cancer/normal
ratios (C/N) for activity were measured in Dukes’ B and C stage carcinomas, cancers involved in local spread and invasion to lymph nodes.
In contrast, cathepsin B and L activities analysed in the same paired extracts had been shown to be most frequently elevated in earlier stage
carcinomas (Dukes’ A and B), confirming that cathepsin H demonstrates a distinct pattern of expression during colorectal cancer progression.
Although cathepsin H activities were most commonly elevated in Dukes’ C cancers at all colon sites, both specific activity and C/N ratios were
significantly higher for cancers of the left colon compared to other colon locations. A subset of 43 paired extracts analysed on Western blots
also revealed consistent changes in cathepsin H protein forms in cancers. Normal mucosa typically showed a strong protein doublet at 31 and
29 kDa while cancers demonstrated decreased expression or total loss of the 31 kDa protein (90% of cases), equal or increased expression
of the 29-kDa protein (67% of cases) and the new appearance or up-regulation of a cathepsin H band at 22 kDa (78% of cases). C/N ratios
for cathepsin H enzyme activity correlated significantly with C/N ratios for the 29 kDa mature single-chain protein form (P < 0.001), with
increased activity most commonly associated with elevated expression of 29-kDa cathepsin H but also with up-regulation of the 22-kDa band,
suggesting a shift to more fully processed, mature active cathepsin H protein forms in cancers. Changes in cathepsin H expression were also
detected by immunohistochemistry as elevated cathepsin H staining in tumour epithelial cells. © 2000 Cancer Research Campaign
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Cathepsin H is a lysosomal glycoprotein and a member of thdegradation of basement membranes and the extracellular matrix
cysteine proteinase family, as are cathepsins B and L (Kirschk@abrijelcic et al, 1992) during cancer progression. Evidence
et al, 1998). These proteinases have been viewed traditionally aas now accumulated that these proteinases may also serve a
simple mediators of lysosomal protein degradation (Chapmaprognostic indicators in solid cancers (Schwartz, 1995).
et al, 1997), although studies have also demonstrated their While fewer studies on cathepsin H in cancer have been done
temporal regulation during development (Mathur et al, 1997) andompared to other cathepsins, cathepsin H protein has been foun
their specificity of expression with cell type and function to be significantly elevated in sera of breast cancer patients and in
(Taniguchi et al, 1993). Cathepsin H is easily distinguished fronbreast cancer tissue extracts (Gabrijelcic et al, 1992). Cathepsin H
cathepsins B and L by its unique aminopeptidase activity (Guncdras also been detected by immunohistochemistry in primary
et al, 1998) while the latter are better described as endopeptidaseelanoma and metastatic lesions compared to pigmented naevi o
(Kirschke et al, 1998). normal skin (Kageshita et al, 1995). It has been found to be
Cathepsins have been particularly well described for theisecreted, in its precursor form, from the human melanocytic cell
abnormal expression patterns during cancer developmetihe, G361, into culture media (Tsushima et al, 1991). Elevated
(lacobuzio-Donahue et al, 1997; Leto et al, 1997). Cancer growtbathepsin H serum levels, measured by enzyme-linked
and progression require proteolytic enzymes as necessary tools farmunosorbent assay (ELISA) in patients with melanomas corre-
invasion and metastasis (Liotta and Stetler-Stevenson, 1991ated with the presence of metastases and with decreased patier
Recent findings suggest that various types of cysteine proteinaservival (Kos et al, 1997). In patients with gliomas, elevated
have specific roles in apoptosis (Nitatori et al, 1996), the cell cycleathepsin H also correlated with increasing malignant potential of
(Fu et al, 1998), MHC class Il immune responses (Lafuse et athe cancers (Sivaparvathi et al, 1996).
1995) or activation of growth factors and hormones (Mithofer In contrast, decreased cathepsin H expression has been reporte
et al, 1998). Matrix metalloproteinases, serine and asparti;m some cancers. For example, cathepsin H, detected by ELISA, in
proteinases, as well as cysteine proteinases, contribute to teguamous cell carcinomas of the head and neck, was found to be
higher in normal compared to malignant cell extracts (Kos et al,
1995), with high normal cathepsin H concentrations correlating

Received 3 November 1998 with longer disease-free survival (Budinha et al, 1996). Cathepsin
Revised 12 August 1999 H enzyme activity was also diminished in polycystic kidney

Accepted 7 September 1999 disease, a non-cancer condition, characterized by hyperprolifera-
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Table 1 Patient characteristics lymph nodes, Dukes’ C cancers as having metastasized to the
regional lymph nodes regardless of the extent of bowel wall pene-

Characteristic ” tration, and Dukes’ D cancers as having metastasized to distant
Patients 77 sites.
Male/female 49/27
Median age in years (range) 70 (36-86)
Stage Tissue extractions
A 12 ) . . .
B 30 Tissue extractions were carried out concomitantly for each cancer
c 20 tissue and matched normal mucosa, as previously described
D . 15 (lacobuzio-Donahue et al, 1997). Tissue samples (60-80 mg in
T“g‘ioﬁtr location a 400-500ul double-distilled deionized water) were homogenized
Le% 6 using a Polytron homogenizer. The homogenized tissues were

sequentially frozen three times in a methanol/dry ice bath (approx-
aSubtotals do not always add up to the total number of patients studied, Imately _790) ,and thawed three times in warm water (approx[-

because of incomplete patient information for some cases. mately 37C), in order to rupture the cells and release their
contents. Centrifugation was carried out for 50 min &€ 4t

12 000 rpm (17 21@) in a Sorvall 5B centrifuge. The super-

higher cathepsin H gene expression in well differentiated pancr@_atants, containing gxtracted soluble protein, were removed and
atic cancer cells compared to less differentiated cancer celf{ored at — 8@ until needed. In order to control for possible
(Paciucci et al, 1996). These studies suggest a complex associatffrations of cathepsin H protein during the extraction procedure,
between cathepsin H and altered cell growth patterns. the case no. 64 cancer sample was extracted independently
Reported differences in cathepsin H expression patterns ifither in the presence of four different inhibitors or, using
various cancers may reflect highly specific functions for cathepsi§tandard procedure, in water (d@. The inhibitors were E-64
H in different tissues and at different cancer stages. Our curreffO0HM, L-trans-epoxysuccinylleucylamido(4-guanidine)butane
studies of cathepsin H-specific aminopeptidase activity, cathepsip!/dma, St Louis, MO, USA); phenyimethylsulphony! fluoride
H protein forms and immunohistochemistry in matched pairs ofPMSF; 200um) (Sigma, St Louis, MO, USA); EDTA (10m) or
colorectal cancers and control mucosae, were designed to expldigPstatin (1 mg mi) (Sigma). All five extraction samples were
further the specificity of this proteinase with respect to cancef€n compared for variations in cathepsin H banding patterns on
stage and site in colorectal cancer progression. Western blots.

Cathepsin H enzyme activity assay

MATERIALS AND METHODS The activity of cathepsin H was determined against the specific

synthetic substrate-Arg-MNA (Sigma; and Enzyme System
Products, Dublin, CA, USA) to take advantage of the specific
Tissues were collected at surgery as colectomy specimens at thminopeptidase activity of cathepsin H, that distinguishes it from
Mallory Institute of Pathology or through the Cooperative Humanother cysteine lysosomal enzymes, such as cathepsins B and L
Tissue Network (CHTN), with cancer samples and normal mucosgSchwartz and Barrett, 1980; Guncar et al, 1998). Tissue extracts
obtained from each patient. Matched normal mucosa, resected a(l)—-20ul per assay) were pre-incubated in assay bufferM0.1
minimum of 5-10 cm from the cancer tissue, was used as thdES-EDTA buffer, 1 nw dithiothreitol (DTT), pH 6.8) at 3T
control tissue as colorectal cancers originate from the epitheliurfor 5 min, using a modification of methods described by Schwartz
of the colon mucosa. Care was taken to eliminate necrotic portiorend Barrett (1980). To start the assay reactionmlsubstrate
from the cancers. In addition, fat, serosa and muscle layers wete-Arg-MNA) was added to buffer plus tissue extract, samples
separated from the normal mucosa epithelium prior to freezingncubated at 37T for 10 min, and then reaction stopped by addi-
All tissues collected were stored frozen at 2@0ntil needed for  tion of 50pl 1 N hydrochloric acid (HCI) in 2% Triton X-100. Fast
experiments. blue O-dianisidine tetrazotized) (Sigma) (0.5 mginivas added

and colour developed for 10 min before absorbance was read at
520 nm in a Gilford spectrophotometer. Protein content (m§ ml
was determined for each tissue extract by the method of Lowry
Seventy-seven colorectal cancer patients were included in o@t al (1951), using bovine serum albumin as standard. Enzyme
cathepsin H expression study. Table 1 summarizes information cactivity in nmol of substrate hydrolysed per minmias always
patient characteristics. normalized for protein content, with final specific activity defined
as nmol of substrate hydrolysed per minhwf protein (nmol
min mg?). Cathepsin H was also tested in the presence and
absence of the inhibitor puromycin at both & itSchwartz and
Before reaching the laboratory, cancer tissues were staged Barrett, 1980) and 1fm concentrations (Claus et al, 1998), to
pathologists at the Mallory Institute of Pathology, or at CHTN-control for the specificity of the activity measured in tissue
associated hospitals, according to the Dukes’ classification systehomogenates (Kirschke et al, 1998). Cathepsin H activity was
(Dukes, 1932) as modified by Turnbull et al (1967). Dukes’ Aalso measured in the presence and absence ofiEtGh§-epoxy-
cancers are defined as those confined to the bowel wall, Dukes’ 8iccinyl-leucylamido(4-guanidino)butane) (30@ in dimethyl
cancers as those spread through the wall without involvement slulphoxide) as described by Barrett et al (1982).

Tissue specimens

Patients

Dukes’ classification
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Western blotting assay Statistical analysis

Colorectal cancer and matched mucosa extractig3fample  Summary data are expressed as the mteatandard deviation
protein per lane) were added to a denaturing buffer (2% sodiurgs.d.) unless otherwise indicated. To compare data with two means,
dodecyl sulphate (SDS), 5%mercaptoethanol, 10% glycerol, the Student's-test for the difference between means was used. To
62.5 mm Tris, pH 6.8) and boiled for 5 min. The samples were thertest whether a population mean was different from 1, a one-sample
run on a 16% polyacrylamide minigel (Novex, San Diego, CAt-test was used (Dawson-Saunders and Trapp, 1994). To test for
USA) for 3.5 h at 70 V on a Biorad Mighty Small 260 apparatus.the association between two variables, linear regressions with
Rainbow size markers (Amersham, Arlington Heights, IL, USA)calculation of a correlation coefficient have been used. To compare
were run on each gel (8 per slot) as MW standards. After elec- differences between distributions, tkketest has been used with a
trophoresis the gel proteins were transferred overnight to a nitrd-isher exact test correction where needed. To compare medians o
cellulose membrane (Schleicher and Shuell, Keene, NH, USA) itwo groups, the Wilcoxon rank sum test was used. Confidence
a Biorad Transblot Apparatus at 100 mAmp (Towbin et al, 1979)limits were also calculated in order to determine the mean differ-
containing transfer buffer (25w Tris, 192 nu glycine, 20%  ence in our paired study between cancers and control mucosae
methanol, 1% SDS). After transfer, the membrane was washed activities, by subtracting the cathepsin H-specific activity for each
TBST buffer (0.25m Tris, 125 mu sodium chloride (NaCl), control mucosa from the cathepsin H-specific activity for each
0.05% Tween-20), and then blocked with 5% milk (dry milk) in matched cancer tissue, and then calculating a mean difference fol
TBST, before incubating with cathepsin H primary antibodythese multiple individual calculations and a mean standard error of
overnight (Athens Research and Technology, Athens, GA, USAjhe difference, according to the standard formutetdsalue)(SE)
that had been diluted 1:2000 in 5% milk in TBST. Blots were= confidence interval (Dawson-Saunders and Trapp, 1994).
washed again with 5% milk in TBST and then with TBST before Two-tailed probability values of 0.05 or less were considered
incubation with horseradish peroxidase conjugated secondary ansiignificant, unless a one-tailed probability test is indicated.
body (Sigma) for 1 h. Blots were then washed for 3 h in 5% milkCalculations were performed using the statistical package,
in TBST and then three times for 10 min in TBST. Proteins werésraphPad InStat (GraphPad Software, version 1.11a, C
detected by using an enhanced chemiluminescent system (NENaudenschield, 1990) and confirmed by use of Microsoft Excel
Boston, MA, USA). 5.0 (Microsoft Corp) or ‘Primer of Biostatistics’, Version 4.0
(McGraw-Hill, 1996).

Laser densitometry

Relative quantities of cathepsin H protein forms in 43 paired
extracts detected on film, following Western blotting, were visu- ESULTS
ally assessed by three independent observers and a C/N ratio degr-

mined for each case. Confirmation of these C/N ratios were the@ur analyses of cathepsin H aminopeptidase activity and protein
determined for 34 cases by quantitative laser densitometry, usingoanding patterns were carried out on matched pairs of colorectal
Molecular Dynamics Personal Densitometer SI. cancer and control mucosa tissue samples. The 77 cases analyse
included 12 Dukes’ A cancers, 30 Dukes’ B cancers, 20 Dukes’ C
cancers and 15 Dukes’ D cancers (Table 1), each with patient-
matched normal mucosa.

Archival paraffin-embedded tissue sections of colorectal carci-

nomas were obtained from the Mallory Institute of Pathology. . . . .

) : . . - . Cathepsin H mean aminopeptidase activity and mean
Tissue sections (5 microns) were sliced using a microtome ;

. . C/N ratio

mounted on poly-lysine-coated clean glass slides, dewaxed in
xylene and hydrated in graded concentrations of ethanolCathepsin H demonstrated a mean specific aminopeptidase
Endogenous peroxidase was blocked with 0.3% hydrogeactivity of 8.46+ 5.2 nmol mintmg™in 77 normal mucosa tissues
peroxide in methanol after which slides were blocked 5 min with @nd an activity of 10.2 8.3 nmol min* mg? in the 77 matched
1:20 dilution of casein. Next, slides were incubated with a 1:250@olorectal cancer specimens from the same patients. This differ-
dilution of polyclonal rabbit anti-human liver cathepsin H anti- ence in cathepsin H activity between cancer tissues and control
body (Athens Research and Technology) diluted in Q.05is mucosa was highly significantP( = 0.003) (Figure 1A).
buffer, pH 7.4, for 30 min at room temperature, followed by aCalculation of the 95% confidence interval for the mean increase
5 min incubation at 3T with biotinylated secondary antibody in cathepsin H enzyme-specific activity for 77 pairs of cancer and
(BioGenex), then a 5-min incubation at°@7with peroxidase- matched normal mucosa indicated a range of values between
conjugated streptavidin label (BioGenex). Slides were washed.3 nmol mint mg? and 3.76 nmol mit mg?, an interval that
three times with 0.0& Tris buffer, pH 7.4, after each incubation. does not include a zero value, confirming a significant increase in
Colour was developed using DAB (3eBaminobenzidine tetrahy- cathepsin H enzyme activity in colorectal cancers versus normal
drochloride). Haematoxylin was used to counterstain the slidesnucosa.
For control slides, the primary antibody was replaced by .05 Cathepsin H specific activity in each cancer was also compared
Tris buffer, pH 7.4. Positive or negative expression and subcellulap the matched mucosa to determine an individual C/N ratio for
localization of cathepsin H protein in tissue sections was evaluategach matched tissue pair. The mean cathepsin H C/N ratio for all
by two independent observers. Intensity was scored on a scale ©f cases analysed was 148.77 @ < 0.0001), indicating that
0-4, with 0 equal to negative expression and 4 equal to stronglathepsin H activity was, on average, 1.4-fold higher in cancers
positive expression. than in matched normal mucosa (Figure 1B).

Immunohistochemistry
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A - B normal mucosa activity levels were also indistinguishable from
20+ 3 n=177 cathepsin H activity levels in the cancers with ‘low’ C/N ratios
i (7.9 £ 3.9 nmol min* mg?), as graphed in Figure 1C. However,
25—+ - cancers with ‘high’ C/N ratios demonstrated a mean cathepsin H
27 15T enzyme activity of 16.14 10.9 nmol mint mg, more than twice
2g 2T the activity in control tissues or in cancer tissues with ‘low” C/N
§T: o ratios P < 0.0001). These results provide evidence for two popu-
£E 107 S 1571 lations of colorectal cancers: those demonstrating cathepsin H
§g % enzyme activity at least twice that of matched control mucosa and
§5 1 those demonstrating no change in cathepsin H enzyme activity
5T 05 compared to normal mucosa.
0T oA All cases Cathepsin H enzyme activity: controls for assay
specificity
c Proteinases able to hydrolyse single amino acid naphthylamide
80T = CIN<L15(n=49) ot substrates in mammalian cells include the metalloexopeptidase

arylamidases, a subclass of the cytosolic aminopeptidases
(Johnson and Hersh, 1990) and the cysteine proteinase cathepsin
20 H, the only known aminopeptidase of the mammalian lysosome
(Kirschke et al, 1998). Specificity of the assay was demonstrated

o5 B CN=15(n=28)

Cathepsin H activity
(nmol min"tmg™Y)

57 by measuring cathepsin H enzyme activity in the presence and
104 absence of two different concentrations of the inhibitor puromycin
(10pum and 1 mm). At the 10um micromolar concentration,
5T puromycin is a strong inhibitor of cytosolic aminopeptidases
o (Kirschke et al, 1998) but does not inhibit cathepsin H. However,

'NCT - CA

Figure 1  Cathepsin H enzyme-specific activity and C/N ratios in colorectal
cancer. (A) Cathepsin H enzyme specific activity was significantly elevated in
colorectal cancer compared to matched normal colon mucosa (n = 77;

P =0.003, paired t-test) (B) The mean C/N ratio for 77 matched cancer and
normal colorectal cases was found to be significantly different from 1 (n= 77,
one-sample t-test). (C) Mean cathepsin H activity levels are graphed for
normal mucosa from either ‘low’ or ‘high’ C/N groups compared to mean
activity levels in cancers from ‘low’ or ‘high’ C/N groups. Cathepsin H activity

at the 1 nm concentration, puromycin generates a partial inhibi-
tion of cathepsin H (Schwartz and Barrett, 1980). Assays of
homogenates from six matched cancer and normal samples, two
tumour metastases and one adenoma showed no differences in
activity in the presence or absence ofid0Opuromycin, indicating

that the assay detected cathepsin H enzyme activity and not the
activity of cytosolic aminopeptidases. Assays of homogenates

levels in cancers with C/N ratios = 1.5 were significantly elevated over mean
activity levels for any other group. ***P < 0.0001. NCT, normal colon mucosa;
CA, colorectal carcinoma

from eight matched cancer and normal samples showed partial
inhibition of activity in the presence of IMmpuromycin, with
cancer tissues showing 22# 9.97% inhibition ¢ = 8) and
matched normal tissues showing 26.08.9% inhibition (not a
significant difference). This partial inhibition by Ivipuromycin

was comparable to the 36% inhibition of purified cathepsin H by
) ) ~ 1 mm puromycin reported in the literature (Schwartz and Barrett,
As a further means of assessing the changes in cathepsin 1'@80).

aminopeptidase activity in cancers compared to matched normal Cathepsin H enzyme activity was also measured in the presence
mucosa, we ascertained the percentage of cases that demonstrajs ahsence of 10 E-64 with no inhibition observed in either

a ‘high’ C/N ratio, defined as C/M 1.5, thus including only those  horma or cancer tissues, again demonstrating the specificity of
cases having a C/N ratio above the mean increase for all cancejgr assay for cathepsin H activity. E-64 is a strong inhibitor of the
assayed (mean C/N = 1R= 0.0001). By definition such cancers maiority of cysteine proteinases, with the exception of the cysteine
have an increase in activity at least 50% over normal, or the QUifsroteinase cathepsin H, as reported in biochemical studies
alent of an additional cathepsin H gene. Of 77 matched Paiffc atunuma and Kominami, 1995) and more recently confirmed by

analysed, 28 cases (36%) demonstrated a C/N_lajjcs. The  the publication of the crystal structure of porcine cathepsin H
mean C/N ratio for these 28 cases was 2.0, while the mean (Guncar et al, 1998).

C/N ratio for the remaining 49 cases (64%) was @926 P =

0.0001), suggesting that the increase in cathepsin H activity in all

cases could .be explained primarily by elevat.ed catheps]n. 'éathepsin H activity levels: correlation with Dukes’

activity levels in 1/3 of the cancers analysed, while the remainin

2/3 of the cancers demonstrated little change in cathepsin %—(t

activity levels. We subsequently compared activity levels in théTo determine whether cathepsin H enzyme activity levels
respective normal and cancer tissues for cases with C/N ratidscreased in a pattern related to cancer progression we calculated
> 1.5 compared to cases with C/N < 1.5. Cathepsin H enzym#he mean enzyme-specific activity for cancers at each Dukes’
activity levels in normal mucosa specimens from patients wittstage and compared these activities to the mean specific activity
either ‘low’ or ‘high’ C/N ratios were not statistically different for cathepsin H in control mucosa. As graphed in Figure 2A,
(7.5% 4.6 and 8.9% 5.46 nmol min* mg? respectively). These cathepsin H demonstrated significantly elevated enzyme activity

Cathepsin H: frequency of high C/N ratios

British Journal of Cancer (2000) 82(7), 1317-1326 © 2000 Cancer Research Campaign
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Figure 2  Cathepsin H: changes with Dukes’ stage. (A) Cathepsin H
enzyme-specific activity (nmol min-* mg protein, mean + s.e.m.), analysed
by Dukes’ stage, was significantly elevated in Dukes’ B (n = 30) and Dukes’
C (n = 20) cancers compared to cathepsin H enzyme-specific activity in
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Figure 3 Cathepsin H C/N ratios and tumour progression. (A) C/N ratios for
77 matched pairs of colorectal cancer and normal mucosa. Dark columns
represent C/N ratios for left-sided cancers while light columns represent
cancers from the right colon. Cancers located in the left colon had
significantly higher C/N ratios than cancers from the right colon (P < 0.01)
The mean C/N ratio for all right-sided or left-sided cancers were also
significantly different from 1 (P < 0.05 and P < 0.0001 respectively). (B) The
percentage of cases with C/N ratio = 1.5 was significantly higher in left-sided
cancers by the x? test (P < 0.001). (C) Mean cathepsin H C/N ratios in the left
colon and in the right colon sorted by Dukes’ stage. Dukes’ C stage

control mucosa (n=77) (* P < 0.05, unpaired t-test, one-tailed value).

(B) Cathepsin H C/N ratios (mean + s.d.) analysed by Dukes’ stages were
1.24 + 0.41 for Dukes’ stage A cancers (n=12), 1.33 + 0.61 for Dukes’ stage
B cancers (n = 30), 1.61 + 0.80 for Dukes’ stage C cancers (n = 20) and
1.56 + 1.11 for Dukes’ stage D cancers (n = 15). C/N ratios for Dukes’ stage
B and C cancers were significantly different from 1 (**P < 0.01). (C) C/N
ratios (mean = s.d.) for high and low C/N ratio cases with relative percentage
shown of cases with high C/N ratios. For 77 cases analysed, 49 had C/N
ratios < 1.5, with a mean C/N = 1 (distribution by stage: A, n=8; B, n=21;
C, n=10; D, n=10) while 28 cases had C/N ratios = 1.5 (distribution by
stage: A, n=4; B, n=9; C, n=10; D, n=5) with mean C/N ratios for these
‘high’ cases seemingly increasing with cancer progression. The highest
percentage of cases with C/N = 1.5 was in Dukes’ stage C. For each Dukes’
stage, ‘high’ C/N ratio cases had mean C/N ratios significantly higher than
mean C/N ratios for ‘low’ C/N ratio cases (P < 0.001)

right-sided colon cancers had a mean C/N ratio significantly different from 1
(1.5+0.7, n=10, *P < 0.05). Dukes’ B and C left-sided colon cancers also
demonstrated C/N ratios significantly different from 1 (1.8 + 0.5, n =13,
***P < (0.0001 and 1.7 £ 0.7, n = 10, *P < 0.05 respectively)

with ‘high’ C/N ratios was 1.7% 0.19 f1 = 4) while the mean for
‘high’ C/N ratio cases for Dukes’ stage B was significantly higher
(P <0.01,n=29, unpaired Studenttstest) and the mean C/N ratio

for Dukes’ stage D still higher (C/N = 2.#61.2,n = 5), although

the significance of this progressive elevation at stage D must be
confirmed with more observations. For each Dukes’ stage, cases in
the ‘high’ group had significantly higher C/N ratios than cases in
the ‘low’ C/N ratio group P < 0.001).

levels in Dukes’ B and C stage cancedps=(0.02,n = 30; and

P = 0.03,n = 20 respectively; one-tailed, unpairetest) but not
Dukes’ A or D stage cancers compared to enzyme activity levels i
normal mucosa.

To control for normal variation in cathepsin H activity levels in In order to determine whether there was a correlation between
individual control mucosa, paired sample measurements were theathepsin H activity and location of cancers in the large intestine,
utilized to derive average C/N ratios as an alternative measure aftivity C/N ratios were analysed with respect to right-sided or
changes in cathepsin H activity with cancer stage (see Figure 2Bgft-sided cancer location, as shown in Figure 3A. We found that
The C/N ratio for cathepsin H activity was most significantly cancers resected from the left colon, including 19 sigmoid colon
elevated in stage BP(= 0.006) and stage C cancePs=(0.003).  cancers, four rectosigmoid junction cancers and 11 rectal cancers.
Although Dukes’ D cancers showed an average increase greatead a significantly higher mean C/N ratio (+0.8) than cancers
than that seen in Dukes’ B cancers, these late stage cancers wegsected from the right colon, including 23 caecum cancers, two
also characterized by greater variability in cathepsin H expressiomscending colon cancers and four transverse colon cancers
levels, so that the overall increase was not as significant. (P < 0.01). However, although the C/N ratios were not as high in

Finally, we also calculated the percentage of cases at eathe right colon compared to the left colon, the mean C/N ratio for
Dukes’ stage that demonstrated a ‘high’ or ‘low’ C/N ratio as wellcathepsin H activity levels for all cases located in the right colon
as the average ratio at each stage for cathepsin H activity withigm = 38) was still significantly different from 1 (1.28 0.69,
the ‘high’ or ‘low’ expressing groups. These results demonstrate® < 0.05).
that the frequency of cases with C&N1.5 in Dukes’ C cases To further assess the correlation between cathepsin H C/N ratios
amounted to 50%, while in the other Dukes’ stages it amountednd cancer location, we also determined the percentage of cancer
roughly to 30% (Figure 2C). For all ‘low’ cases, irrespective ofat each site that demonstrated a ‘high’ C/N ratio and found that
Dukes’ stage, the mean C/N ratio was the same, thatl<. among the cases with C/N rat®4.5, 70% were resected from the
However, for cases in the ‘high’ C/N ratio group an apparenteft colon (Figure 3BP < 0.001).
increase in mean C/N ratio was observed with cancer progression.Significant differences in cathepsin H expression for left-sided
Thus for Dukes’ stage A cancers, the mean C/N ratio for casegrsus right-sided cancers could be demonstrated not only by C/N

.Cathepsin H activity levels: correlation with cancer
fcation

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(7), 1317-1326



1322 EC del Re et al

Cathepsin H C/N ratios sorted by cancer sites A
T 31=
29=>
Transverse
Rioht 1.52+0.75 (n=4)
9
1.23£0.70 Left i s o S L <
(n=38) 1.70 + 0.80 1 2 3
(n=136)
Rectum B c
1.37£0.66
(n=11) 31=
29=> 3=
Tumour locations n CIN ratios 20—
Right colon
22=> g 3
Caecum 23 1.25+0.77 CB CcD CH CL
Ascending 2 0.75+0.28 N C
Transverse 4 152 +0.75
Figure 5 Cathepsin H protein banding patterns: Western blots of matched
Total right 38 1.23+0.70* cancer/normal pairs and purified cathepsin H protein controls. (A) Matched
colorectal mucosa (N) and cancer (C) tissue extracts (30 pg total soluble
Left colon protein/lane) from three independent cases demonstrated cathepsin H
protein bands at 31 and 29 kDa. Decreased expression of the 31 kDa band
Sigmoid 19 1.80 + 0.78** was observed in the majority of colorectal cancers compared to the matched
Rectosigmoid 4 1.72 +0.47 colon mucosa samples in conjunction with frequent increases in expression
Rectum 1 1.37 + 0.66 of the mature single-chain 29 kDa form of cathepsin H. (B) A representative
matched pair of normal mucosa (N) and cancer (C) samples are shown,
Total left 36 1.70 + 0.80%** demonstrating the typical 31 plus 29 kDa bands in normal mucosa,
decreased expression of the 31 kDa band in cancer plus the appearance of
Al sites 74 145 + 0,77+ the 22 kDa heavy-chain of two-chain mature cathepsin H in the cancer,

possibly reflecting increased cathepsin H protein processing in the cancer.
(C) Four types of purified human liver cathepsins (100 ng per lane), including

Figure 4 Cathepsin H activity C/N ratios sorted by colorectal cancer sites.
Schematic drawing of the large intestine showing that cathepsin H C/N ratios
were lowest in the right colon (light grey), increase in the transverse colon

cathepsin B (CB), cathepsin D (CD), cathepsin H (CH) and cathepsin L (CL)
were probed with the cathepsin H polyclonal antibody(Athens Research
Laboratories, Athens, GA, USA) to confirm antibody specificity

(medium grey) and were highest in the left colon (dark grey) Data were
summarized for six specific regions of the right or left colon and C/N ratios
shown for each region together with summary data. In addition to 34 left-
sided cancers sorted by subgroups, the total of 36 left-sided cancers also
included one cancer designated from the ‘descending’ colon and one cancer
designated simply as ‘left’. The 38 right-sided cancers included one ‘hepatic
flexure’ cancer and eight cases simply termed ‘right colon’ cancers, as well
as the 29 right-sided cancers sorted by regional subgroups. Mean C/N ratios
for cathepsin H activity levels were significantly different from 1 for 38
colorectal cancers resected from the right colon (P < 0.05), 36 cancers from
the left colon (P < 0.0001) and 19 cancers of the sigmoid colon (P < 0.001),
as well as for the total of 74 colorectal cancers studied by tumour location
(P <0.0001)

We subsequently determined whether cathepsin H expression
patterns for left-sided versus right-sided cancers would reflect the
same specificity for Dukes’ stage that had been observed for all
cases. Among the 74 cancers studied for location effects, those
resected from the left colon € 38) demonstrated similar distrib-
utions with respect to clinical stage to those from the right colon
(n=36). Thus, Dukes’ C cancers from the right colon still demon-
strated the highest C/N ratio (1.58.7,P < 0.05), compared to all
other right-sided cancers. In the left colon, both Dukes’ stage B
and C cancers demonstrated C/N ratios significantly different from
1 (P < 0.0001 andP < 0.05), as shown in Figure 3C. Thus, cancer
ratios but also by a direct comparison of mean enzyme-specifistage appeared to predict cathepsin H activity C/N ratios, irrespec-
activity levels for all cancers versus all normal mucosa at a givetive of site, but the combination of stage and site was the best
colon location. Cathepsin H activity for normal mucosa of thepredictor of elevated cathepsin H C/N ratios.
right colon (8.7 5.2 nm min* mg protein;n = 38) did not differ We have also used cathepsin H activity C/N ratios from every
from activity for normal mucosa of the left colon (&3%.3nm  case to calculate a mean C/N ratio for cancers from each of six
min- mg* protein;n = 36). Cancers of the right colon also did not specific colorectal regions, as shown in Figure 4. While the mean
demonstrate a significant increase in activity @.8.6 nm min? C/N ratio for cancers resected from the transverse colon was found
mg* protein;n = 38; P = 0.5) over control mucosa but cancers of to be higher than the mean C/N ratio for cancers in the right colon,
the left colon showed a highly significant increase in cathepsitthe number of cancers in the transverse colon was too small to
H-specific activity (12.9+ 9.7 nm min* mg* protein; n = 36) determine whether the apparent stepwise increase in cathepsin H
compared to control mucos® ¢ 0.0006). The largest cancer expression from right colon to transverse to left was significant
subsets followed these patterns as well, with left-sided sigmoi¢Figure 4).
cancers demonstrating a significant increase in cathepsin H
activity (14.8 + 11.3 nm mifimg? protein;n = 19) over normal
sigmoid mucosa (9.2 6.5 nm min* mg* protein; P = 0.006) blots
while the increase detected in right-sided caecal cancers
(10.5 nm mint mg* protein;n = 23) versus normal caecal mucosa To confirm the results obtained by measuring cathepsin H activity
(9.0£ 5.4 nm min* mg™ protein;P = 0.45) was not significant. in colorectal cancer compared to normal matched mucosa,

Cathepsin H protein expression patterns on Western
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cathepsin H protein banding patterns were also analysed | 45
Western blotting studies of 43 paired extracts that had already be
assayed for cathepsin H activity levels. The 43 cases included fiy 4 P <0.001 r=056
Dukes' A stage cancers, 15 Dukes’ B cancers, 13 Dukes’ ( o 35] R . .
cancers and 10 Dukes’ D cancers. Se

In normal mucosa and in cancer tissues cathepsin H we g & 34
detected as three protein bands measuring approximately 31, o £ .
and 22 kDa (Figure 5). The frequency and levels of expression ft 5 5 297 ¢
these cathepsin H protein forms differed between normal mucos g*‘é 2 .
and cancer tissues. T . *

'gg 1.5 . : o °

Expression of the 31/29 kDa cathepsin H protein E & 1 :'. ¢ .o .' .
doublet © | Iy . e !. .
The most typical cathepsin H banding pattern for control mucos 03 e .
was a protein doublet with bands measuring approximately 31 ar 0 i ——ey . . :
29 kDa (Figure 5A). This doublet was significantly more common 0 05 1 15 2 25 3 35 4 45
in normal mucosae (41/43) than in corresponding cancer spec Cathepsin H activity C/N ratios

mens (28/43)R = 0.001). A quantitative change occurred in thegig e 6 Scatter plot correlation analysis of C/N ratios for cathepsin H
cancers, with decreased levels of the 31 kDa cathepsin H baenzyme-specific activity versus C/N ratios for the cathepsin H 29 kDa mature
detected in 90% of the 43 cancers studied compared to t|protein form. The C/N ratios for cathepsin H activity correlated with the C/N

. ratios for the 29 kDa mature cathepsin H protein form with each assay done
matched normal mucosa. In some cancers the 31 kDa cathepsiron the identical extracts from 43 cancer/normal tissue pairs. The slope for
band was undetectable, even when films of the Western blot dzthis comparison was significantly different from 0, with r=0.56 and P < 0.001
were overexposed. For 28 cases that expressed the 31 kDa band at

detectable levels in both cancer and matched normal samples, the

C/N ratio for this form of cathepsin H protein was 0#0.49. In We also determined whether the alterations in cathepsin H
contrast to the loss of expression of the 31 kDa band in cancelganding patterns in cancer samples might be due to increasec
most cancers demonstrated the clear presence of a 29 kDa matiigteolytic processing of cathepsin H occurring in cancer

single-chain form of cathepsin H at levels that were usuallhomogenates following extraction. However, identical cathepsin H

unchanged or increased compared to the normal mucosa. banding patterns were detected by Western blotting for five inde-
pendent extractions of the same cancer tissue, whether the extrac
Expression of the 22 kDa cathepsin H heavy-chain band tion was done in distilled, deionized water or in the presence of

Up-regulation of a 22 kDa protein band was also observed i
cancers versus matched mucosa samples detected on West
blots. This cathepsin H form is classically described as the 22 kDa

heavy-chain of mature, active two-chain cathepsin H (the correcathepsin H: correlation of single-chain mature form
sponding 6 kDa light-chain of this form is not detected due to gelith enzyme activity

running conditions), derived from the 29 kDa single-chain form by_l_ ¢ lation b h . hepsin H activi
further processing. This 22 kDa cathepsin H protein (Figure 5B) o test for a corre _atlon etV\_/een changes in cathepsin H activity
was detected in 72% of the cancer tissues (31/43) compared l’%vels and cathepsin H protel_n levels in cancer sample_s_comparec
53% of control mucosa samples (23/43 tissues). For those 23 cadls normal mucosa, .C/N ratios fOT cathepS|.n H activity were
that demonstrated this band in both matched cancer and norn{al"Pare dto C/N ratlp s for cath.epsm H protein levels as detected
mucosa specimens, expression levels in the normal mucosa wépe'nd'v'dual cathep_sm H protein banc_:ls on Weste_rr_1 blots of 43
often very weak, with a resulting C/N of 2:9.5 (P < 0.0001). A matched extract pairs. These comparisons of activity C/N ratios

comparison of the typical normal versus cancer pattern for th)Q"th protein C/N ratios for individual cases revealed that the

22 kDa heavy-chain band of cathepsin H can be seen in Figure 5gommon decrease in the 31kDa band, although a very good

C/N ratios for the 23 cases in which this protein form was presera:aarker for cancer, did not correlate with cathepsin H aminopept-

in both control mucosa and cancers, were found to be highest se activity levels. However, as seen in Figure 6, a significant
Dukes' B (3.1+ 1.6, n = 10) and Dukes' C (3.2 1.8,n=7) correlation was observed between C/N ratios for cathepsin H

compared to Dukes' A or D stage cancers @1.0,n = 3 and activity and the corresponding C/N ratios for the 29 kDa mature

1.8+ 0.5,n = 3 respectively), with C/N ratios for stages B and single-chain form of cathepsin H in these same cases(56;

C significantly different from 1.0 < 0.005 andP < 0.02 P < 0.001). Typically, cases with high cathepsin H activity C/N
respectively) ratios (C/Nz= 1.5) also demonstrated significantly increased C/N

ratios for the 29 kDa cathepsin H protein band. However, there
were exceptions to this rule, as the percentage of cases demon
strating a C/N= 1.5 for the 29 kDa protein band (21% of cases
As seen in Figure 5C, the specificity of the cathepsin H antibodgnalysed) was less frequent than the percentage of cases demor
was confirmed by detection of purified human liver cathepsin Hstrating an activity C/N rati@ 1.5 (36%). For cases with high
protein but not of purified human liver cathepsins B, L or Dactivity C/N ratios but without a marked increase in the 29 kDa
proteins that were run side by side and probed simultaneously, orband, the majority of cases (8/11) demonstrated a high C/N ratio
single Western blot, with the cathepsin H antibody. for the 22 kDa cathepsin H protein form, suggesting that this more

ny of four inhibitors for different classes of proteolytic enzymes
@ﬁta not shown).

Cathepsin H: controls for protein banding studies

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(7), 1317-1326



1324 EC del Re et al

DISCUSSION

Studies of melanomas, squamous cell carcinomas, gliomas, breast
and pancreatic carcinomas have shown altered expression of
cathepsin H by immunohistochemistry or enzyme-linked
immunosorbent assays (ELISA) (Gabrijelcic et al, 1992; Budinha
et al, 1996; Paciucci et al, 1996; Sivaparvathi et al, 1996; Kos et al,
1997). However, few studies have analysed cathepsin H expres-
sion in a large set of matched pairs of colorectal cancers and
mucosa by activity assays or Western blots.

Our study has demonstrated significant increases in cathepsin H
activity levels in colorectal cancer, alterations in cathepsin H
protein banding patterns, as well as localization of the protein in
the tumour epithelial cells. Particularly significant increases in
cathepsin H expression in Dukes’ B and C stage carcinomas
suggest a correlation between elevated cathepsin H activity and

Figure 7 Cathepsin H immunohistochemical staining in colorectal cancer.
Cathepsin H protein expression in a Dukes’ C stage cancer is shown, as

detected on a paraffin-embedded section incubated with a 1:2500 dilution of the processes of local or lymph node invasion by colorectal cancer.
anti-human cathepsin H antibody and staining developed using a biotin- Increases in cathepsin H protein content in melanomas (KOS et al
streptavidin label, followed by a haematoxylin counterstain. This case . .. . . . !
demonstrates staining of the cancer epithelium, with intensity of staining 1997) and in enzyme activity and protein content in gliomas
scored as +3 to +4, while stroma surrounding the tumour epithelium was (Sivaparvathi et al, 1996) also correlated significantly to the

essentially negative for Cathepsin H staining. Cathepsin H protein is seen to

be located diffusely throughout the cytoplasm in the form of fine granules ma“gnam potentlal of these cancers.

Our cathepsin H activity data also indicate that two different
populations of colorectal cancers may exist, with one-third of all
cases characterized by high cathepsin H C/N ratios (C/N ratios
> 1.5) and the remaining two-thirds having no significant change

fully processed form of cathepsin H also contributes to cathepsit cathepsin H activity levels (C/N ratios 1). Although one

H aminopeptidase activity, as previously reported (Nishimuraprevious study of five colorectal cancers and matched mucosa
et al, 1995). homogenates showed increased cathepsin H enzyme activity in the
cancer extracts, the results were not statistically significant,
possibly due to sample size (Keppler et al, 1988). Different subsets
of colorectal cancers with very different cathepsin H expression
The sample of cases studied for cathepsin H protein expressi¢gvels may also exist, due perhaps to a site-specific role for
patterns included 20 right-sided cancers and 23 left-sided cancegathepsin H in colorectal cancers, as we have observed that activi-
The mean C/N ratio for the 29 kDa cathepsin H mature protein ities were highest and most frequently elevated in cancers from the
left-sided cancers (1.# 0.9) was also found to be significantly left portion of the large intestine.

higher than the mean C/N ratio for the 29 kDa cathepsin H protein Marked differences exist between cancers of the left and right
in right-sided cancers (090.5) P < 0.05). colon. Right-sided cancers are preferentially fungating, protruding
into the lumen as cauliflower-like masses, while left-sided cancers
tend to directly penetrate into the bowel wall (Rubin and Farber,
1994). Despite being more easily visualized by colonoscopy than
Cathepsin H protein content and cellular localization werecancers from the right colon, ulcerating tumours of the distal left
analysed by immunohistochemical staining of tissue sections fatolon are often diagnosed at a later stage and characterized by
seven colorectal cancer cases. For both normal colon mucosa andrse prognoses (Wolmark et al, 1984; Rubin and Farber, 1994).
colorectal carcinoma sections, cathepsin H protein was primarilizeft-sided tumours have significantly higher p53 overexpression
localized to the epithelial cells, although staining of macrophagesr mutation rates (71.4-67%) than right-sided tumours
was also seen. Cathepsin H staining in normal mucosa showed42.1-22%) (Breivnik et al, 1997; Lenz et al, 1998), while
punctate pattern typical of lysosomal localization, while carci-microsatellite instability (MIN) is almost exclusively associated
nomas demonstrated a fine granular, more diffuse cytoplasmigith cancers of the proximal (right) colon (Breivnik et al, 1994,
staining. Cathepsin H protein staining was elevated in cance¥997). Furthermore, Kas gene mutations, present in 40-60% of
epithelial cells when compared to control mucosa (present onolorectal carcinomas, are negatively associated with the presence
slides for five of seven cases analysed) or to the stroma, particaf MIN (Breivnik et al, 1994). Thus, it is possible to hypothesize
larly for those cases with high C/N ratios for cathepsin H activitythat either Kras mutations or high expression of the tumour
However, comparative statistical analyses of immunohistochenmsuppressor gene p53 might correlate with increased activity of the
ical data versus activity data on the same cases will require muglysteine proteinase cathepsin H in the left colon. Variations in
larger sample sizes. Immunohistochemical staining for cathepsieathepsin H expression with cancer site may reflect the different
H in a Dukes’ C stage cancer is shown in Figure 7. This case, thgenetic pathways described for colorectal cancers in left versus
had a C/N ratio of 2.9 for cathepsin H activity, demonstratedight colon. Correlations between these molecular markers and
staining of the cancer epithelium, with intensity of staining scoredcathepsin B and L activities in colorectal cancers have already
as +3 to +4, while stroma surrounding the tumour epitheliunbeen reported (lacobuzio-Donahue et al, 1996; Kim et al, 1998).
was essentially negative for cathepsin H staining, except for A comparison of our cathepsin H activity data for clinical stage
macrophages (not seen in this Figure). and site confirmed that both variables could be related to elevated

Cathepsin H protein: correlation with site

Cathepsin H immunohistochemistry
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cathepsin H C/N ratios. Irrespective of site, C/N ratios werecathepsin H protein staining in carcinoma compared to normal
increased most frequently in colorectal cancers invading the bowehucosa, with increased protein content detected primarily in
wall and spreading to the lymph nodes (Dukes’ B and C cancersjancer epithelial cells, rather than stromal cells. A shift in
although the more aggressive left-sided colon cancers had the masithepsin H staining from a more punctate pattern in normal
marked expression of cathepsin H. Notably, a higher frequency sfiucosa, typical of lysosomal localization, to a fine granular, more
node-positive cancers is also found for cancers of the left colodiffuse cytoplasmic staining in carcinomas was also observed,
(Wolmark et al, 1984). similar to shifts in localization reported for cathepsin B protein
Our research has also provided new information on changes staining of colorectal cancers (lacobuzio-Donahue et al, 1997).
cathepsin H protein forms in cancer compared to normal tissue. Our results on cathepsin H expression in colorectal cancers indi-
Traditionally three cathepsin H forms are described, including &ate both similarities and differences to the cancer-related changes
41 kDa proform, a 28 kDa mature single-chain form and a twoebserved for cathepsins B and L in these same colorectal cancel
chain mature form consisting of the 22 kDa heavy-chain plus @aases (Sheahan et al, 1989; Shuja et al, 1991; lacobuzio-Donahu
6 kDa light-chain of cathepsin H (Kirschke et al, 1998). In addi-et al, 1997). Cathepsin B and L activities were most significantly
tion, unusual cathepsin H molecular forms have been reported fand frequently elevated in Dukes’ A and B cancers in contrast to
a cancer cell line (Waguri et al, 1995) and for polycystic kidneycathepsin H activity, which was most elevated in Dukes’ B and C
disease (Hartz and Wilson, 1997). Our Western blot data ostage cancers. Western blot studies of protein patterns for
cathepsin H protein bands has revealed a cathepsin H protedtathepsin B (lacobuzio-Donahue et al, 1997) and cathepsin H (this
doublet at 31 and 29 kDa, present in 41/43 (95%) normal colostudy) have supported activity analyses but have also revealed
mucosa samples. A comparable cathepsin H protein doublet wasproducible changes for both markers in the protein forms
detected on Western blots of normal and malignant brain tissuexpressed in cancers versus normal mucosa. For both cathepsin |
(Sivaparvathi et al, 1996). Our data indicate that reproduciblend cathepsin H, a specific change in protein banding pattern was
changes in the expression of this protein doublet provide the mo#ite most consistent indication of malignancy, irrespective of stage,
consistent indication of altered cathepsin H expression imwhile changes in activity or protein expression levels were more
colorectal cancers. Loss or down-regulation of the 31 kDaspecifically related to stages of cancer progression.
cathepsin H protein band occurred in 90% of the cancers analysed,Although Dukes’ classification remains a powerful predictor of
irrespective of cancer stage or site. Since this decrease in tffieal outcome for colorectal cancer patients (Dukes, 1932; Deans
31 kDa band in cancers is much more common than the significaet al, 1992), the traditional clinicopathological predictors are not
increase in cathepsin H activity measured in 1/3 of the cancers, ity®t fully successful at predicting recurrence and survival risks for
not yet clear how the 31 kDa band contributes to normal functiopatients with Dukes’ stage B and C cancers (Liefers et al, 1998).
nor how cathepsin H function changes with the loss of this band i®ur data on cathepsin H suggest that this new proteinase markel
cancers. might be particularly useful in defining Dukes’ B and C stage
Conceivably, the 31 kDa cathepsin H protein band may reprecancers and in distinguishing subsets of cancers at a given site
sent a protein intermediate that is converted to the 29 kDa forfithus, we are currently analysing cathepsin H expression with
during processing of cathepsin H zymogen. In fact, a transiemespect to patient prognoses.
cathepsin H of 30 kDa, present during the generation of a mature
28 kDa single-chain cathepsin H has been described (Nishimura
and Kato, 1987). A higher rate of cathepsin H processing b ACKNOWLEDGEMENTS
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For that subset of colorectal cancers, particularly Dukes’ B an
C stage cancers of the left colon, in which there was a significant
increase in cathepsin H activity, the activity increase correlated
with increased amounts of the 29 kDa single-chain cathepsin HerereNCES
protein form or alternatively, with increased expression of the
22 kDa heavy chain of two-chain mature cathepsin H. These dafgxrrett AJ, Kembhavi AA, Brown MA, Kirschke CG, Tamai M and Hanada K
f ! . . . (1982)L-trans-epoxysuccinyl-leucylamido (4-guanidino)butane (E-64) and its
suggest again that the cathepsin H aminopeptidase activity L . . . ! )
; . analogues as inhibitors of cysteine proteinases including cathepsins B, H and L.
measured in our enzyme assay are dependent on expression levels giochem 201 189-198
of more fully processed cathepsin H forms, including the 29 kDa&reivnik J, Lothe RA, Meling GI, Rognum TO, Borresen-Dale A and Gaudernack G
mature single-chain and the mature two-chain form, represented (1997) Different genetic pathways to proximal and distal colorectal cancer

he 22 kD nd. rather than on the 31 kD h in H protein. influenced by sex-related factotst J Cancer74: 664—669
byt € a band, rather than on the 3 a catheps prote Breivnik J, Meling GI, Spurkland A, Rognum TO and Gaudernack G (1994) K-ras

Nishimura a_nd C(_)”eagues (1995) have reported a part'CUIarly_ mutation in colorectal cancer: relations to patient age, sex and tumour location.
marked relationship between the presence of the 22 kDa cathepsin gr j cance9: 367-371
H band and higher cathepsin H enzyme-specific activity a$udinha M, Strojan P, Smid L, Skrk J, Vrhovec I, Zupevc A, Rudolf Z, Zargi M,

measured in two distinct pools of cathepsin H protein isolated Krz]so"‘%c Més,ze,t_icg' K‘;F’tirt]afjJerg'aN and 'f‘:f, ;t(199f)f',°r°9A”°Sg°B"?'f OL

. cathepsins B, H, L, D and their endogenous inhibitors stefins A and B in hea
from rat Ilver.lysosomes.. . and neck carcinom&iol Chem Hoppe-Seyl&77: 385-390
Changes in cathepsin H expression were also Shown B¥hapman HA, Riese RJ and Shi GP (1997) Emerging roles for cysteine proteases in

immunohistochemical assays to be associated with increased human biologyAnn Rev Physid9: 63-88
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