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Cathepsins and human stomach adenocarcinoma 
 

Katepsyny i gruczolakorak żołądka u człowieka 

__ The malignancy of a tumor has been attributed to the ability of tumor cells to metastasize to secondary 
Sles. During the metastatic cascade a tumor cell passes through several connective tissue barriers. These 

iers consist primarily of proteins such as collagen, glycoproteins and proteoglycans. Thus. proteo- 
lytie enzymes should facilitate tumor cell invasion and, in turn, metastasis. These enzymes may have their 
Origin in tumor cells or in host cells. Proteolytic activity has been shown to be associated with the plasma 
Membrane of tumor cells as well as to be released from tumor cells. (13. 18). 

Other steps in the metastatic cascade which might be mediated by or facilitated by proteolytic 
<nzymes include tumor cell proliferation, angiogenesis, tumor cell detachment from the primary 
lumor and tumor cell interaction with host cells. The role of proteinases in these processes have 
frequently been demonstrated indirectly by the use of proteinase inhibitors. The microbial protei- 
Nase inhibitors, antipain and leupeptin, inhibit radiation- and chemical-induced carcinogenesis in vitro 
And in vivo (6,12). Proteinase inhibitors also decrease the proliferation of tumor cells in vitro (10, 
8). Proteinases have also been shown to have direct effects on cell-cell adhesion. Proliferation of 

Norma] cells in vitro can be stimulated by exogenous proteinases (9). 
Endopeptidases or proteinases can be subdivided into four classes: serine, metallo, aspartic and 

Cysteine (3, 4). Examples of each class are: plasminogen activator, collagenase, pepsin and cathepsin 
- The cysteine proteinase subclass requires activation by thiol reagents. 

Cathepsin B has broad specificity as an endopeptidase against protein substrates such as 
globin (2), myosin (17), actin (30), troponin (17), tropomyosin (17) and insulin (14), as well 

a dipeptidylpeptidase activity against glucagon (1) and aldolase (5). Several components of the 
txtracellular_ matrix, i.e. proteoglycans (15), fibronectin (25) and the nonhelical portion of collagen 
ypes I-IV (8), can be degraded by cathepsin B. 

Activities of lysosomal enzymes in tumors have been shown to exhibit a correlation with tumor 
Malignancy in vivo (33, 34). However. the increased lysosomal enzyme activities in tumors are ofien 
attributed to infiltrating host cells or to necrotic tumor cells (9, 34).Sylven and Malmgren 

2) reported that the highest lysosomal proteinase activities are associated with the youngest and 
Most rapidly growing tumors. Other authors (31) also reported that lysosomal proteinase activity is 

ighest in the youngest skin carcinomas. 
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There is an increasing body of literature on release of cathepsin B from human and animal 
tumors. Thus, the aim of this study is to evaluate the levels of cathepsin B in blood plasma in patients 
with stomach adenocarcinoma. 

MATERIAL AND METHODS 

Fifteen human stomach adenocarcinomatous tumors were obtained during surgery. The average 
age of patients was 57 years. The diagnosis of each case was confirmed histologically in Department 
of Pathology, Medical Academy in Lublin. Portions of adjacent normal-appearing tissues were 
obtained for control study. 

Tissues were homogenized with a Polytron homogenizer in a0.1 M phosphate buffer, pH = 6.0 
to obtain a 10% homogenate. The homogenate was centrifuged for 15 min at 3. 500 g and in the 
supernatant the activity of cathepsin B was estimated according to Keilova and Tomase k 
(11). The sample (100 1) was activated for 10 min at 407 in 1 ml fo the activating buffer (0.1 M 
phosphate containing 25 mM cysteine-HCI, I mM EDTA, pH = 6.0) The substrate (50 1 of a solution 
of 40 mg of N -benzoyl-D,L-arginine-p-nitro-anilide hydrochloride in I ml of dimethylformamide) 
(Sigma, St. Louis, USA) was then added and the hydrolysis was allowed to proceed at 40 C for 20 min. 
The hydrolysis of the substrate was terminated by the addition of 100 I of glacial acetic acid. The 
p-nitroaniline released was determined spectrophotometrically at 405 nm. The quantity of enzyme 
which liberates I mole of p-nitro aniline in | min under these conditions was taken as one unit. 

Cathepsin H activity was measured according to Schwartz and Barrett (29). Statistical 
significance of differences was done by computer set Statistica v. 4.0 (Statsoft Inc. Tulsa, USA). 

RESULTS 

Figure | shows cathepsin B and cathepsin H activities in human normal 
stomach tissue and stomach adenocarcinoma tumors. Activities of both enzyme$ 
were significantly elevated in tumor tissue. 

DISCUSSION 

Poole and co-workers (23, 26) have shown that cathepsin B activity in the 
culture media of explants of malignant human breast tumors is up to eleven time$ 
higher than that in the media of explants of normal breast tissue or nonmalignant 
tumors. Elevated cathepsin B activity has been reported to be present in pancreatić 
fluid from patients with pancreatic cancer (27), in serum from women with diversć 
invasive neoplastic diseases (21, 22) including vaginal adenocarcinomas (20) af 
in urine from women with gynecological cancers (19). ż 

Cathepsin B is apparently released from tumor cells since the activity of this 
enzyme is present in the media of cultured tumor cells. Pietras and co-workef% 
(22) have found that neoplastic cervical cells release cathepsin B and that the 
amount of activity. released correlates with the rate of cell proliferation in vitro: 

a 
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Cathepsin B -CakepsnH 

Fig. 1. Cathepsin B and H in stomach tissue. The levels of both cathepsin G and H were significantly 
lower in normal tisue (p < 0.01) 

The most suggestive evidence that cathepsin B is also released from tumor cells 
in vivo is that provided by Mort etal. (16); cathepsin B activity is present in 
Ascites fluid from women with ovarian carcinoma (7). The ascites cells are believed 
to be the source of the cathepsin B activity since the ascites cells grown in culture 
release cathepsin B whereas sera from the same patients has no cathepsin B 
activity. Resident or stimulated peritoneal macrophages are not believed to be the 
Source of activity since murine macrophages in culture do not release cathepsin B 
into their environment (24, 35). 

There is not yet definitive proof that tumor cathepsin B plays a role in tumor 
invasion and metastasis. However, in a number of animal tumor models there is a 
Correlation between cathepsin B activity and tumor malignancy. This suggest that 
tumor cathepsin B could be one of the proteinases active in a proteolytic metastatic 
Cascade. 



134 l S. Stettner, A. Ledwożyw 

20. 

ZE 

22. 

REFERENCES 

„Aronson N.N.,Barrett A.J.: The specificity of cathepsin B. Hydrolysis of glucagon at 
the C-terminus by a peptidyldipeptidase mechanism. Biochem. J. 171, 759, 1978. 

„. Barrett A.J.: Humancathepsin Bl. Purification and some properties of the enzyme. Biochem. 
J. 131, 809, 1973. 

„Barrett A.J.: The many forms and functions of cellular proteinases. Fed. Proc. Fed. Am. 
Soc. Exp. Biol. 39, 9, 1980. 

. Barrett A.J.,.McDonald J. K.: Mammalian Proteases. Academic Press New York 1980. 
„Bond J.S,Barrett A.J.: Degradation of fructose-1,6-biphosphate aldolase by cathepsin 

B. A further example of peptidyldipeptidase activity of this proteinase. Biochem. J. 189, 17, 1980. 
„Borek C,MillerR.,Pain C.,Troll W.: Conditions for inhibiting and enhancing 

effects of the protease inhibitor antipain on x-ray induced neoplastic transformation in hamster 
and mouse cells. Proc. Natl. Acad. Sci. USA 76, 1800, 1979. 
Burger M.M.:Proteolytic enzymes initiating cell division and escape from contact inhibition 
of growth. Nature 227, 170, 1970. 

„.Burleigh M.C,Barrett A.J,Lazarus G.S.: Cathepsin Bl. A lysosomal enzyme 
that degrades native collagen. Biochem. J. 137, 387, 1974. 

„.Dobrossy L.,.Pavelic Z.P..Vaughn M.Porter N,Bernacki R.J.: Elevation 
of lysosomal enzymes in primary Lewis lung tumor correlated with the initiation of metastasis- 
Cancer Res. 40, 3281, 1980. 

. Goetz I.E, Weinstei nC.,.Roberts E.:Effects of protease inhibitors on growth of 
hamster tumor cells in culture. Cancer Res. 32, 2469, 1972. 

„.Keilova H,Tomasek V.: Effect of papain inhibitor from chicken egg white on cathe- 
psin B . Biochim. Biophys. Acta 334, 179, 1974. 

„Kennedy A.R„Little J.B.: Effects of protease inhibitors on radiation transformation 
in vitro. Cancer Res. 41, 2103, 1981. 

„.Liotta L.A,Thorgeirrson U.P.,Garbisa S.: Roleof collagenases in tumor cell 
invasion. Cancer Metastasis Rev. 1, 277, 1982. 

„McKay M.J,Offermann M.K,„Barrett A.J,Bond J.S.: Action of human livef 
cathepsin B on the oxidized insulin B chain. Biochem. J. 213, 467, 1983. 

. MorrisonR.I.G.,Barrett J. T.: Cathepsin Bl and D action on human cartilage proteogly” 
cans. Biochim. Biophys. Acta 302, 411, 1973. 

„Mort J.S..Leduc M.ReckliesA.D.:A latent thiol proteinase from ascitic fluid of 
patients with neoplasia. Biochim. Biophys. Acta 662, 173, 1981. 

„Noda T,lsogai K,Hayashi H.Katunuma N.: Susceptibilities of various 
myofibrillar proteins to cathepsin B and morphological alteration of isolated myofibrils by this 
enzyme. J. Biochem. (Tokyo) 90, 371, 1981. 

„PauliB.U., Schwartz D.E,Thonar E.J.M,Kuettner K. E.: Tumor invasiof 
and host extracellular matrix. Cancer Metastasis Rev. 2, 129, 1983. 

. PerrasJ.P.,Sevin B.U.: Production of monoclonał antibodies against cathepsin B-like enzyme 
derived from urine of gynecologic cancer patients. Proc. Am. Assoc. Cancer Res. 25, 250, 1984. 
Pietras R.J,Szego C.M..Mangan C.E,Seeler B.J, Burtnett M. M.: Elevated 
serum cathepsin B1-like activity in women with neoplastic disease. Gynecol. Oncol. 7, 1, 1979. 
Pietras R.J,Szego C.M„Mangan C.E. Seeler B.J,Burtnett M.M„Orevi 
Elevated serum cathepsin Bl and vaginal pathology after prenatal DES exposure. Obstet 
Gynecol. 52, 321, 1978. 
Pietras R.J,Szego C.M.,Roberts J.A.,.Seeler B.J.: Lysosomal cathepsin B-likć 
activity: mobilization in prereplicative and neoplastic epithelial cells. J. Histochem. Cytoc 
29, 440, 1981. 

 



 
Cathepsins and human stomach adenocarcinoma 135  

23. 

24, 

25, 

26. 

27. 

28, 

29, 
30. 

31. 

32, 

33, 

34, 

35, 

Poole A.R.,.Tiltman K.J.,Recklies A.D., Stoker T.A.M.: Differences in 
secretion of the proteinase cathepsin B at the edges of human breast carcinomas and fibroadeno- 
mas. Nature 273, 545, 1980. 
Recklies A.D,Mort J.S.,Poole A.R.: Secretion of a thiol proteinase from mouse 
mammary carcinomas and its characterization. Cancer Res. 42, 1026, 1982. 
Recklies A.D..Poole A.R.:Proteolytic mechanisms of tissue destruction in tumor growth 
and metastasis. In: Liver Metastasis. (Weiss L. Gilbert HA, eds.) GK Hall, Boston 1982. 
Recklie s A.D,Tiltman K.J,Stoker T.A.M.,Poole A.R.: Secretion of 
proteinases from malignant and nonmalignant human breast tissue. Cancer Res. 40, 550, 1980. 
Rinderknecht J.Renner I.G.: Increased cathepsin B activity in pancrea tic juice from 
a patient with pancreatic cancer. N. Engl. J. Med. 303, 462, 1980. 
Schnebli H.P..Burger M.M.:Selective inhibition of growth of transformed cells by 
protease inhibitors. Proc. Natl. Acad. Sci. USA 69, 3825, 1972. 
Schwartz W.N.,Barrett A.J.: Human cathepsin H. Biochem J. 191, 487, 1980. 
Schwartz W.N.,Bird J. W.C.: Degradation of myofibrillar proteins by cathepsin B and 
D. Biochem. J. 167, 811, 1977. 
Shambe rgerR.J.Rudolph G.: Increase of lysosomal enzymes in skin cancer. Nature 
213, 617, 1967. 
Sylven B.,Malmgren H.: Thehistological distribution of proteinase and peptidase activity 
in solid mouse tumor transplants. A histochemical study on the enzymic characteristics of the 
different tumor cell types. Acta Radiol. 154 (Suppl) 1, 1957. 
Sylven B.,Ottoson R..Revesz L.: The content of dipeptidases and acid proteinases 
in the ascitic fluid of mice with ascites tumors. Br. J. Cancer. 13, 551, 1959. 
Sylven B,Snellman O.,Strauli P.: Immunofluorescent studies on the occurrence 
of cathepsin B1 at tumor cell surfa ces. Virchows Arch. B. Cell. Pathol. 17, 97, 1974. 
Weiss L.: Some mechanisms involved in cancer cell detachment by necrotic material. Int. J. 
Cancer. 22, 196, 1978. 

STRESZCZENIE 

Badano aktywność katepsyny B i H w tkance gruczolakoraka żołądka u człowieka. W tkance 
Euzów aktywności tych enzymów były znacznie podwyższone. 


