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Increased Expression of Cathepsin L in Human Gastric Adenocarcinoma

Weon-Seon Hong, M.D., Seok-Il Hong, M.D.*, In-Chul Park, M.S.*,
Young Sook Son, Ph.D.*, Hwoon-Yong Jung, M.D., Suk-Kyun Yang, M.D.,
Hae Ryun Kim, M.D., Young [l Min, M.D.

Department of Internal Medicine, Asan Medical Center, University of
Ulsan, and Laboratory of Cell Biology*, Korea Cancer Center Hospital

Cathepsin L, a lysosomal cysteine protease, 1s known to play an important role in cancer
invasion and metastasis by degrading the components of basement membrane and extracellu-
lar matrix. The mRNA expression of cathepsin L. was determined by Northern blot analysis
using a radiolabeled ¢cDNA specific for cathepsin L in five human gastric adenocarcinoma
cell lines and five surgical specimens of primary gastric adenocarcinomas, their metastatic
lymph nodes and matched adjacent normal mucosae. The mRNA of cathepsin L. was express-
ed In all of the four cell lines established from the metastatic sites, SNU—5, SNU—16, MKN
~45 and Kato IIl, while not detected in one cell line established from the primary site,
AGS. The mRNA was expressed in all of the five primary and five metastatic cancer’ speci-
mens tested, while it was not detected in all matched normal mucosae. The intensities of the
mRNA expressions, however, did not show the consistent pattern between primary sites and
metastatic lymph nodes. These results suggest that cathepsin L may have the other function
In addition to facilitation of the invasion and metastasis during the development and progres-

sion of stomach cancer.
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INTRODUCTION made to ellucidate the mechanisms of invasion and
metastasis of cancer cells, because they are critical

In recent years, various attempts have been factors of morbidity and mortality in most of
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human solid cancers including gastric adenocarci-

noma' ¥

. The process of invasion and metastasis of
cancer cells has been reported to be closely related
to the increased activity of varlous preoteases,
such as matrix metalloproteinases, plasminogen
activator and collagenases®™®

Recently, cathepsin has been indentified as one
of the proteases belonging to this classification™¥.
Cathepsin 1s a family of lysosomal acid cystein pr-
oteases present in nearly all types of cells. Among
the cathepsin family, cathepsin [, was reported to
have the most strong protease activity®'”. Because
of the potent protease activity, cathepsin . is now
generally accepted to play an important role in
cancer invasion and metastasis by degrading the
components of basement membrane and extracellu-
lar matrix""”.

Gastric adenocarcinoma is the most common
cause of cancer death in Korea. However, the
mechanisms of invasion and metastasis of gastric
cancer are still unclear. As one of the studies to
ellucidate the mechanisms, we examined the
mRNA expression of cathepsin 1., using Northen
blot analysis, in surgical specimens obtained from
five patients with gastric adenocarcinoma as well

as five human gastric adenocarcinoma cell lines.

MATERIALS AND METHODS

Cells and tissue specimens

Gastric cancer cell lines employed in these ex-
periments  were SNU—5, SNU—16, MKN-—-45,
Kato Il and AGS. SNU—5 and SNU—16 were
kindly provided by professor J—G Park, Seoul Na-
tional University, Seoul, Korea. MKN—45 and
Kato 1l were gifted by Dr. N, Saljo, Japan Nation-
al Cancer Center Hospital, Tokyo, Japan. AGS
was obtained from American Type Culture Collec-
tion. Characteristics of these cell lines are listed in
Table 1. All cell lines were propagated in RPMI—
1640 medium (Gibco l.aboratory, Grand Island,
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Table 1. Characteristics of human gastric cancer

cell lines
Histology Sex Source di'APrior treatment
SNU-5 Ad F ascites +
SNU-16 Ad F ascites -
MKN-45  Ad F liver +
Kato III Ad M pleural effusion +
AGS Ad F stomach

Ad : adenocarcinoma

NY, USA) supplemented with 10% fetal bovine
serum (Gibco), 100 U/ml of penicillin and 100/
ml of streptomycin at 37°C in a humidified atmo-
sphere of 5% CO, Five specimens of primary gas-
tric adenocarcinoma, their metastatic lymph nodes
and matched adjacent normal mucosae were ob-
tained during operation. All gastric cell lines and
tissue specimens obtained were washed with phos-
phate buffered saline and stored at —70°C until

experiment.

Northern blotting

After the pulverization of frozen cells and tis-
sues, total cellular RNAs were extraced by the
guanidine thiocyanate — phenol —chloroform extrac-
tion method. Twentyug of RNA extracted were
electrophoresed on 1% agarose—formaldehyde gel
and blotted onto nylon filter membranes (Sc-
hleicher & Schuell, Dassel, Germany) by capillary
transfer in 10xstandard saline citrate (SSC) over-
night. Before blotting, each gel was stained by
ethidium bromide to visulalize ribosomal RNA by
ultraviclet (UV)—lighting. The membranes were
washed in 2xSSC and UV —cross—linked using UV
Stratealinker 2400 (Stratagene, Menasha, WI,
USA). The membranes were prehybridized over-
night at 42°C in 50% formamide, 5x Denhardt’s
solution, 0.1% sodium dodecyl sulfate (SDS), 100
#g/ml of salmon sperm DNA, and 6xSSC.

The radiolabeled 1.8 kilobase ¢cDNA probe specif-
ic for cathepsin L. was kindly provided by Go-
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ttesmann MM, National NIH,
USA. The membrane was hybridized at 42°C with
the probe labeled with [*P]—dCTP by the nick—
translation method. Hybridized fiiters were washed
in 2xSSC, 0.1% SDS at room temperature for 30
min and 0.1xSSC, 0.1% SDS at 65C before au-

toradiography at —70°C with intensifying screens.

Cancer Institute,

To evaluate the message levels for mRNA, ribo-
somal 18S and 28S RNA were stained by ethidium
bromide. The expression of the mRNA was graded
as —, + and ++ by intensity of the bands.

RESULTS

The mRNA levels of cathepsin L. were deter-
mined by Northern blot analysis in four human
gastric cancer cell lines established from metastatic
sites, SNU—5, SNU—16, MKN—45 and Kato III,
and one gastric cancer cell line established from
primary site, AGS. All of the four cell lines estab-
lished from metastatic sites expressed mRNA of
cathepsin L; high level (++) in SNU-5 and low
level (+) in SNU-16, MKN—45 and Kato III
(Fig. 1). In AGS, the mRNA expression was not
detected.

The expression of the mRNA was observed In

all of the five primary and five metastatic cancer

Table 2. Expression of mRNA for cathepsin L in
five human gastric adenocarcinoma cell
lines and five specimens of primary gas-
tric  adenocarcinomas, their metastatic
lymph nodes and matched normal muco-
sae

Expression of cathepsin L mRNA

Specimen
- +  ++

1€20%)*3(60%)1(20%)

Gastric cancer cell lines(n=5)

Surgically resected specimens(n=5)
0(0%) 2(40%)3(60%)
0(0%) 3(60%)2(40%)

primary sites
metastatic lymph nodes
normal mucosae

% number of patients (%)

o

Fig. 1. Cathepsin L mRNA expression by Northern
blot analysis in five gastric adenocarcinoma
cell lines, SNU—5, SNU—16, MKN—45, AGS
and Kato Ill.

Cathepsin L mRNA expression by Northern
blot analysis in five specimens of primary
gastric adenocarcinomas, their metastatic
lymph nodes and matched normal mucosae.

Fig. 2.

specimens, while not detected in all matched five
normal mucosae (Table 2){(Fig. 2). As shown in
Fig. 2, however, the Intensities of the mRNA ex-
pressions did not show the consistency between
primary sites and metastatic lymph nodes. The
mRNA level of the metastatic lymph node was
higher than that of the primary site in one pa-
tient, and lower In two patients, while it was simi-

lar in two patients.

DISCUSSION

Cathepsin is a lysosomal acid cystein protease
which 1s responsible for various intracellular pro-
tein turnover of normal cells and the invasion and
metastasis of cancer cells. Several subtypes of
cathepsin have been identified to have the proteo-
lytic activity so far, such as cathepsin A, B, C, D,
H, L and N*'**_ Among the subtypes, cathepsin L
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was reported to be more potent than the other
cathepsin subtypes in degrading collagen, elastin,
laminin, and other components of the basement
membrane®'”.

Although cathepsin L is synthesized and secreted
by both normal cells and cancer cells, cancer cells
usually produce larger amount of cathepsin Li than

normal cells'”

. In addition, cathepsin L. secreted by
cancer cells Is falry stable to denaturation and
carries mannose 6—phosphate”. Through the proc-
ess of uptake of mannose 6—phosphate by neigh-
boring cells, its protease activity can be transport-
ed to the surrounding tissues. On the other hand,
amnion membrane Invasion by murine cancer cells
was reported to be suppressed by cathepsin L in-
hibitors'®. On the basis of these results, cathepsin
L. is now believed to play an important role in in-
vasion and metastasis of cancer cells.

On the other hand, cathepsin L. was also report-
ed to be associated with malignant transformation
115 The sugar structure of cathepsin L produced
by cancer cells was known to be slightly different
from that produced by normal cells. The different
sugar structure was proposed to be related to ma-
lignant transformation'®.

In addition to cancer cells, normal cells may
produce various amounts &f cathepsin L. To deter-
mine the production of cathepsin L In normal
cells, we investigated the mRNA of cathepsin L in
six normal tissues and demonstrated that the high-
est level of the mRNA was observed in liver, with
the order of liver > lung > thymus > ovary >
kidney > esophagus. In this study, we could not
detect the mRNA of cathepsin L in all five speci-
mens of normal gastric mucosae. In an agreement
with this result, Chung'® reported that cathepsin L
activity was much lower in normal gatric mucosal
tissue than gastric cancer tissue.

In this study, the expression of cathepsin L
mRNA was examined in both gastric cancer cell

lines and cancer tissues surgically resected. All

gastric cancer cell lines established from metastatic
sites expressed the mRNA, while one cell line es-
tablished from primary site did not express it. On
the other hand, the mRNA was expressed in all
tissues of primary sites and metastatic lymph
nodes, suggesting that cathepsin L might be pro-
duced during transformation or at an early stage
of progression, not during acquiring the metastatic
potential. Moreover, the intensity of the mRNA did
not show a tendency to Increase in metastatic
sites compared with primary sites.

Although the number of cell lines tested was too
small to draw a conclusion on the role of
cathepsin [, these results may suggest that
cathepsin L. may not be associated with cancer in-
vasion and metastasis or have the other function
in the development of stomach cancer, because it
1s produced in all cancer tissues isolated from the
primary sites. It is possible that cathepsin L may
be produced by different mechanisms in stomach
cancer from the other types of cancer and may
play a different role with the type of cancers.
Therefore, further studies will be necessary to
come to a conclusion on the role of cathepsin L in

stomach cancer.

REFERENCES

1. Liotta LA: Tumor invasion and metastases—
role of the extracellular matrix: Rhoads Me-
morial Award Lecture. Cancer Res 1986;46:1
-7.

2. Fidler 1J: Critical factors in the biology of
human cancer metastasis: twenty —eight G.H.A.
Clowes Memorial Award Lecture. Cancer Res
1990;50:6130—6138.

3. Liotta LA, Thorgeirsson UP, Garbisa S: Role
of collagenases in tumor cell invasion. Cancer
Metastasis Rev. 1982;1:277—288.

4. Mullins DE, Rohrlich ST: The role of proteinas-

es in cellular invasiveness. Biochem Biophys

— RR—



At 9ol A cathepsin Le] @& 27}

Acta 1983;695:177—214.

5. Stetler—Stevenson WG, Aznavoorian S, Liotta
LA: Tumor cell interactions with the extracel-
lular matrix during invasion and metastasis.
Annu Rev Cell Biol 1993;9:541—573.

6. Hong S—I, Park 1-C, Son Y-S, et al: Ex-
pression of urokinase—type plasminogen acti-
vator, 1ts receptor, and its inhibitor in gastric
adenocarcinoma tissues. J Korean Med Seci
1996;11:33—37.

7. Barrett AJ, Kirschke H: Cathepsin B, cathepsin
H and cathepsin L. Methods Enzymol 1981;80:
535—561.

8. Sloane BF, Honn KV: Cysteine proteinases and
metastasis. Cancer Metastasis Rev 1984;3:249
—263.

9. Chauhan SS, Goldstein LJ, Gottesman MM: Ex-
pression of cathepsin L in human tumors. Can-
cer Res 1991,51:1478—1481.

10. Kakegawa H, Nikawa T, Tagami K, et al:
Participation of cathepsin L. on bone resorption.
FEBS 1993;321:247—250.

11. Park 1-C, Lee S—Y, Jeon D—G, et al: En-

hanced expression of cathepsin L in metastatic
bone tumors. J Korean Med Sci 1996;11:144—
148.

12. Goto T, Kiyoshima T, Moroi R, et al: Locall-
zation of cathepsins B,D,and L in the rat osteo-
clast by immuno—light and—electron microsco-
py. Histochemistry 1994;101:33—40.

13. Yagel S, Warner AH, Nellans HN, Lala PK,
Waghorne C, Denhardt DT: Supression by
cathepsin L inhibitors of the invasion of amni-
on membranes by murine cancer cells. Cancer
Res 1989;49:3553—3557.

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

15. Troen BR, Ascherman D, Atlas D, Gottesmann
MM: Cloning and expression of the gene for
the major excreated protein of transformed mu-
rine fibroblasts. J Bio Chem 1988;264:254—
261.

16. Chung SM: Variant cathepsin L activity from
gastric cancer tissue. Jpn J Cancer Res 1990;
81:813—-819.



I
Al
i
B
S
i

At YAt A cathepsin Leo] @& &7}

ATt ez s A eFPEY WA m A, AAE Y A XY BEAT
FQU - EHYT BB 2GS AEE - R AN - 0D

cathepsin L& lysosomal cysteine @l 28] & A2 A 7] A9 (basement membrane)® M ¥ ] 7] 4 (extracellular
matrix) & s gte] A ES A LT Holo] FoF ATE e Bdz ¥ A ok o2& cathepsin Lo of
3 mRNA LEEE 5709 Al ¢4 (gastric adenocarcinoma) Al L59 5959 I oA A3 27
oA WAz o2 FAH cathepsin L 5o ¢cDNAE A48 Northern blot 0 2 ZA 3t} gjere] Aoy A
A Sy A EF SNU~5, SNU—-16, MKN—452} Kato M9 A &= cathepsin L mRNA7Z} @& o} ¢lutsd
A M FHE AGS MEFM = mRNAS wdle] Baslz) ggtet 58l 919 Saell A= i, Hel7t

[ = 0 -y

gd gad 5 2A A ARGAN A4z 24E 3] cathepsin L mRNA®] M@ & Z4zelch o
By oot o 2o E RS cathepsin L mRNA7ZE &= glot 44 gt zdd s Ao mRNA %
ol ##H7] Rkt TH mRNAY BHEE lqdMe dolfart ddgad vl #gou, 29 d A4
Aol adlA BAETE Wokow, ymal 2o ol s Yy set dola Atolof zpo]7} glof, g ol Ho)

WA Alo]o] mRNAS] % wo duA 9= A
A Aol oo} AN Ha} Holg £2
g g

#AE A gyt ool Zie cathepsin L& ¢l o
=

0E 928 ¥ vhsAe AAtetn ]
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