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Expression of the APC-catenin and the E-cadherin-catenin complexes in gastric

carcinoma cell lines

Purpose: E-cadherin is a calcium-dependent cell-cell adhesion molecule, which forms the key
functional compomnent of adherence junctions of all epithelial cells. It interacts with E-cadherin
molecules on adjacent epithelial cells forming an adhesive structure, which has been likened to an
intercellular zipper (Shapiro, 1995). It plays a key role in the establishment and maintenance of
intercellular adhesion, cell polarity and tissue architecture (Takeichi, 1991). Translocation of
intercellular contact signals into cellular organization is thought to be mediated by the catenins,
which are key regulator molecules in this mechanism. « - catnin (102kDa), 3 -catenin (94kDa) and
v -catenin (82kDa), are membrane undercoat proteins which, through a series of interactions, link
the cytoplasmic carboxy-terminal tail of E-cadherin to the actin cytoskeleton (Nagafuchi, 1989).

Phosphorylation of £ -catenin, possibly through interaction with epidermal growth factor
receptor (EGFR) and proto-oncogene c-etbB2, is thought to induce a disassembly of the
E-cadherin-catenin complex from the actin filament network thus disruption of cell adhesion
(Shibamoto, 1994). The Adenomatous Polyposis Coli (APC) gene has been shown to be
important in regulating cytoplasmic 3 -catenin levels. p120 is the most recently discovered member
of the catenin family. It is phosphorylated by pp60, a tyrosine kinase known to be associated with
the adherens junction (Volberg, 1992), and which induces disruption of adherens junctions
and epithelial cell transformation when overexpressed.

To elucidate the role of the E-cadherin-catenin complex in gastric carcinoma, we examined
expression and function of complex components in a panel of gastric carcinoma cell lines.

Materials and Methods

Cell lines

Human gastric cancer cell lines, AGS, MKN45, HSC39, HSC40A, Kato-III, MKN28, and



MKN74 were used in this study. Kato-III is a cell line derived from a metastatic pleural effusion
secondary to signet ring cell carcinoma of the stomach. AGS and MKN45 are derived from a
moderate to poorly differentiated intestinal type gastric carcinoma, while MKN28 and MKN74 are
derived from a well-differentiated, intestinal-type gastric carcinoma. HSC39 was derived from
malignant ascites arising secondary to a signet ring cell carcinoma, while HSC40A was established
from the same original tumor after xenotransplantation of ascitic cells into an athymic BALB/c

nude mouse.

Growth and maintenance of cells

Cell lines were maintained in DEME supplement with 10% fetal bovine serum. The cells were
cultured at 37°C in a humidified atmosphere containing 10% carbon dioxide. Cells were tested for
mycoplasma at 3-monthly intervals.

Aantibodies

Mouse monoclonal IgG antibodies to @ -, 5 - and 7 -catenin and p120, were purchased from
Transduction Laboratories, Lexington, KY. E-cadherin (HECD-1) was kindly provided by M.
Takeichi (Kyoto University). The APC antibody IgG (ALI-12-28) was purchased from AbCam

Cambridge UK.

SDS-PAGE and Western blotting

Cell extracts were prepared using Laemmli sample buffer (715mM2- 3 -mercaptoethanol, 10%
glycerol, 2% SDS, 40mM Tris pH 6.8, 1mM EDTA; Laemmli, 1970), with a protease inhibitor
cocktail (aprotinin 0.1-2 4 g ml', leupeptin 0-5-2 1 g mit, PMSF 20-100 4 g mil,
trypsin-chymotrypsin inhibitor 10 ;1 g ml-1, TPCK 100 z g ml-!(all from Sigma-Aldrich Company
1td, Poole, UK). Sample protein concentration was determined by Biorad protein assay (Biorad,
Hemel Hempstead, UK), using spectrophotometry. SDS-PAGE was performed under reducing

conditions using an 8% acrylamide resolving gel, pH 8.8, overlaid with a 4.5% stacking gel pH



6.8. The separated proteins were transferred to nitrocellulose (Millipore, UK), using BioRad
apparatus. Visualization of protein bands was achieved by incubation in primary antibody overnight
followed by extensive washing, and then in horseradish peroxidase-labelled, secondary
specise-specific antibody (Dako Ltd, High Wycombe, UK). The membrane was developed in ECL

chemiluminescent reagent (Amersham Life Science, Slough, UK) and exposed to X-ray film.

Expression of E-cadherin and the catenins in gastric carcinoma cell lines

Aberrant expression of E-cadherin and/or catenins was demonstrated in a number of the cell lines
examined. Western blot analysis revealed very low levels of E-cadherin in AGS, which were often
barely discernible in repeat experiments. Aberrant E-cadherin expression was detected in Kato-II1
and MKN45. Two protein bands reactive for E-cadherin were detected in Kato 3, one at 120K Da,
and a second at a 130 kDa. MKN45 demonstrated one band at the expected molecular weight of
120 KDa and the second at 80 kDa, which is likely to represent the extracellular tryptic product of
E-cadherin as previously described (Frixen et al, 1991). E-cadherin was detected at the expected
molecular weight of 120 kDa in HSC39, HSC40A, MKN28 and MKN74, although levels of
E-cadherin expression were lower in MKN28 and MKN74 compared to control (HT29) and other
gastric carcinoma cell lines.

« -catenin expression was absent in AGS, but expressed at the expected molecular weight of 102
kDa in the remaining five cell lines, although levels were reduced in three of these cell lines,
Kato-III, HSC39 and HSC40A, compared to control. Beta- catenin was truncated at 80 kDa in
HSC39 and HSC40A, as previously described by the originators (Kawanishi et al, 1995). Finally,
all seven cell lines expressed 7 -catenin and p120°™m in comparable amounts and at the expected
motlecular weight. A band at 300 kDa immunoreactive for APC was detected in all but one cell line,
Kato-II1, which was negative for APC, suggesting the probable presence of a mutation of the APC
gene. A truncated APC protein migrating at 200 kDa was detected in HT29, confirming a

previously described mutation.



DISCUSSION

Loss of cadherin-mediated intercellular adhesion is an important contributory mechanism in
tumor pathogenesis. It is postulated to temove contact inhibition of proliferation, thus allowing
escape from growth control signals (St Croix, 1998). Loss of cadherin-mediated adhesion may also
act by potentiating tumor cell detachment from the primary site, and resulting in dissemination of
malignant cells to form metastasis at distant sites, and (Birchmeier, 1993). E-cadherin is thus
postulated to act as a growth suppressor and invasion suppressor. An intact cadherin-catenin
complex is required, however, for maintenance of normal intercellular adhesion, with mutations of
either E-cadherin or @/ 3 - catenins being sufficient to disrupt adherens junction function.

In this study, examination of cell morphology, protein expression and molecular organization of
the cadherin-catenin complex in seven gastric carcinoma cell lines have demonstrated evidence of
widespread dysfunction of calcium-dependent intercellular adhesion mechanisms. E-cadherin is the
ptincipal mediator of intercellular adhesion, and adherens junction integrity in epithelial cells.

In conclusion, we have demonstrated frequent abnormalities of expression of the
cadherin-catenin complex, correlated with evidence of impaired protein-protein interactions within
the cadherin-catenin complex. In the cell lines derived from well differentiated tubular
adenocarcinoma, all components of the catenin complexes were completely preserved, whereas
some mutation or down regulation of these components were found in the other cell lines.
Abnormal expression of the catenin complexes was closely related to the loss of epithelial

differentiation in gastric cancer cell lines.

REFERENCES
1. Birchmeier W, Michael Weidner K and Behrens J (1993) Molecular Mechanisms leading
to loss of differentiation and gain of invasiveness in epithetial cells. J Cell Sci. 17:159-164
2. Frixen UH, Beherens J, Sachs M, Eberle G, Voss B, Warda A, Locner D and Birchmeier W

(1991) E-cadherin-mediated cell-cell adhersion prevents invasiveness of human carcinoma



cells. J Cell Biol. 113:173-185

3. Kawanishi J, Kato J, Sasaki K,Watanabe N and Niitsu Y (1995) Loss of
E-cadherin-dependent cell-cell adhesion due to mutation of the beta-catenin gene in a human
cancer cell line, HSC 39. Mol Cell Biol 15: 1175-1181

4. Laemmli UK (1970) Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 227: 680-685

5. Nagatuchi A and M Takeichi (1989) Cell-binding function of E-cadherin is regualated by the
cytoplasmic domain. EMBO J 7: 3679-3684

6. Shapiro L, Fannon AM, Kwong PD, Thompson A, Lehmann ML Grubel G, Legrand JF,
Als-Nielson J, Colemnan KR and Hendrickson WA (1995) Structural basis of cell-cell adhesion
by cadherins. Nature 374: 327-386

7.Shibamoto S, Haykawa K, Takeuchi K, Hori T, Oku N, Miyazawa K, Kitamura N,
Takeichi M, and Ito F (1994) Tyrosine phosphorylation of beta-catenin and plakoglobin
enhanced by hepatocyte growth factor in human carcinoma cells. Cell Adhes Commun 1:
295-305

8. St Croix B, Sheehan C, Rak JW, Florenes VA, Slingerland JM and Kerbel RS (1998)
E-cadherin dependent growth suppression is mediaten by the cycline-dependent kinase
inhibitor p27*7 . J Cell Biol 142: 557-571

9. Takeichi M (1991) Cadherin cell adhesion receptors as morphogenetic regulators. Science
251: 1451-1455

10. Volberg T, Zick Y, Dror R, Sabanay 1, Gilon C, Levtzki A and Geiger B (1992) The effect

of tyrosine-specific protein phosphorylation in the assembly of adherens-type junctions.

EMBOJ 11: 1733-1742



