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ABSTRACT

onstrated that E-cadherin becomes associated with these pro
teins, termed "catenins," through its cytoplasmic domain (8),

A human lung cancer cell line, PC 9, was analyzed to elucidate the
molecular mechanisms of dysfunction of cadherin-mediated cell-cell ad
hesion in cancer. Although PC 9 cells strongly expressed E-cadherin at
the cell membrane, which was indistinguishable immunochemically
from functional E-cadherin, they did not show tight cell-cell adhesion
and had reduced E-cadherin-mediated aggregation activity. Immunoprecipitation with E-cadherin and Western blot analysis revealed that PC
9 cells did not express a-catenin, a cadherin-associated protein, sug
gesting that this was the cause of the cadherin dysfunction in the cell
line. In addition, Northern and Southern blot analyses disclosed homozygous deletion of part of the a-catenin gene, which might have
resulted in the loss of a-catenin expression in PC 9 cells.

suggesting that molecular interactions among these proteins are
necessary for the cell-cell binding function of E-cadherin (9,
10). These findings, and the successful molecular cloning of
catenins (CAP 102/a-catenin,
ÃŸ-catenin) (1I-13),
have
prompted us to investigate whether any alterations in catenins
actually cause the dysfunction of cadherins in cancers. To this
aim, we looked for cancer cell lines expressing cadherins but
lacking tight cell-cell adhesion. We then discovered a cancer
line that expressed E-cadherin but not a-catenin and showed
insufficient cadherin function. In this paper, we describe the
properties of this cell line and discuss the possible relationship
between cadherin dysfunction and loss of a-catenin expression.

INTRODUCTION
Disruption of cell-cell adhesion must be indispensable for the
growth profile specific to cancer. If cancer cells proliferated
while maintaining tight cell-cell adhesion, they would show
expansive growth similar to that of benign tumors, and they
would neither metastasize to distant organs nor invade the sur
rounding tissues. In this respect, analysis of the molecular basis
of cancer cell detachment seems to be a very important aspect of
cancer research.
A few years ago, we started studying cadherin cell-cell adhe
sion molecules in human cancer, which are responsible for tight
and strong cell-cell adhesion (1, 2). Initially, we identified two
cadherin molecules, E- and P-cadherin, in human epithelial
tissues and carcinomas by establishing respective specific
mAbs3 (3). We then examined in detail the expression of these
cadherins in gastric and hepatocellular carcinomas. We found
that some carcinomas completely lacked cadherin expression
and also exhibited a "scattered" histopathological appearance,
suggesting that loss of cadherin expression freed cells from
tight cell-cell association and provided them with some cancerspecific properties (4, 5). However, we also found that a con
siderable number of "scattered" gastric carcinomas strongly
expressed E-cadherin which was indistinguishable
immu
nochemically from functional E-cadherin (4). The question
then arose as to why these cancer cells could not form tight
cell-cell associations.
It is known that some cytoplasmic proteins are coimmunoprecipitated with E-cadherin (6, 7). Recent studies have demReceived 5/13/92; accepted 8/7/92.
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MATERIALS

AND METHODS

Cells. Human lung carcinoma PC 9 (14) and colon carcinoma
HCT-15 cells (15) were used. Both cell lines were cultured in RPMI
1640 medium supplemented with 10% PCS in a luim idilied atmosphere
containing 5% COi/95% air. HCT-15 cells were used in this study as
representative cells expressing functional E-cadherin molecules.
Antibodies. Two mAbs, HECD-1 (3) and a-18, which recognize Ecadherin and a-catenin, respectively, were used. The establishment of
mAb a-18 will be reported elsewhere.4
Immunocytochemistry. PC 9 cells were smeared on a poly-o-lysinecoated slide, and HCT-15 cells were cultured on a plastic dish, for
E-cadherin staining with HECD-1. These cells were fixed with 3.5%
paraformaldehyde in HNC at 4Â°Cfor 15 min and then with methanol
at â€”¿20Â°C
for 15 min. After rinsing with HNC, they were treated with
2% swine serum in HNC for 30 min followed by incubation with
HECD-1 for 1 h. They were then incubated with biotinylated antimouse IgG for 30 min, followed by another 30-min incubation with
fluorescein isothiocyanate-conjugated streptavidin. After each period of
incubation, the samples were rinsed with HNC and treated briefly with
2% swine serum in HNC. Finally, after extensive rinsing with HNC,
they were mounted and examined with a MRC-500 confocal imaging
system (Bio-Rad Microscience Division, Watford, United Kingdom).
Detergent Extraction of Cells. Cells were washed 3 times with HNC.
After removal of the supernatant, 100 u\ of 1% Nonidet P-40 in HCMF
containing 5 mm CaCl2, 2 ITIMphenylmethylsulfonyl fluoride, and 20
Mg/ml of leupeptin were added to 40 p\ of the pellet, and the cells were
incubated for 10 min with mild pipetting. They were then centrifugated
at 100,000 x g for 30 min at 4Â°C.To the supernatant, 2 x SDS-PAGE
sample buffer was added to give a total volume of 250 n\ and used as the
detergent-soluble fraction. The residual pellet was then dissolved in 250
n\ of 1 x SDS-PAGE sample buffer with brief sonication on ice and
used as the detergent-insoluble fraction.
SDS-PAGE and Western Blot Analysis. SDS-PAGE and Western
blot analysis were carried out as described previously (4), except that an
ECL Western blotting detection system (Amersham International pic.,
Amersham, United Kingdom) was used according to the manufactur
er's instructions.
Cell Aggregation. A cell aggregation experiment was performed as
described previously (16) with some minor modifications. Briefly, to
4 A. Nagafuchi and S. Tsukita, manuscript in preparation.
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obtain dispersed suspensions of cells with intact cadherin molecules,
the cells were treated with 0.01% trypsin and 5 HIMCaCI2 in HCMF at
37Â°Cfor 15 min on a gyratory shaker at 75 rpm. Fifty thousand cells
suspended in 0.5 ml of HCMF containing 1% bovine serum albumin
were placed in each well of a 24-weil plastic plate and allowed to
aggregate at 37Â°Cfor 30 min at 75 rpm. The extent of cell aggregation
was represented by the index (Ao â€”¿
/V,)//V0,where N, is the total particle
number after incubation time t and /V0is the total particle number at the
start of incubation.
Immunoprecipitation. [-15S]Methionine-labeled cells were lysed with
1% Nonidet P-40 and 1% Triton X-100 in HNC containing 1 nui
phenylmethylsulfonyl fluoride, 20 Mg/ml of leupeptin, and 100 kallikrein inhibitor units/ml of aprotinin. The cell lysates were clarified by
centrifugation at 100,000 x g for 30 min at 4Â°Cand incubated with
CNBr-activated Sepharose 4B (Pharmacia, Uppsala, Sweden) conju
gated with normal mouse IgG overnight at 4Â°Cto adsorb materials
which might bind nonspecifically to the Sepharose and IgG. Then, the
cadherin-catenin complex was precipitated from the supernatants by
incubation for 2 h at 4Â°Cwith CNBr-activated Sepharose 4B conju
gated with HECD-1 and brief centrifugation, released from the
Sepharose by heating in 1 x SDS-PAGE sample buffer (3), and ana
lyzed by SDS-PAGE using a 7.5% polyacrylamide gel. The gel was
fixed with 10% acetic acid/30% methanol for 1 h, immersed in
EN3HANCE (E.I. du Pont de Nemous & Co., Boston, MA) for 1 h,
dried, and then exposed to a XAR film (Eastman Kodak Co., Roches
ter, NY).
Northern and Southern Blot Analyses. Northern and Southern blottings were performed as described previously (17, 18). A 2.9-kilobase
pair EcoRI-///ndIll fragment of a mouse a-catenin complementary
DNA (11), which covers the entire open reading frame, was used as a
probe.

RESULTS
Characterization of E-Cadherin Expressed in PC 9 Cells. PC
9 cells grew in suspension as very loosely adherent aggregates as
shown in Fig. 1 and were easily dispersed by pipetting. Immunofluorescence cytochemistry of PC 9 cells revealed E-cadherin
all along the cell membrane (Fig. 1). By contrast, the HCT-15
cells used as a control expressing functional E-cadherin mole

cules formed tight cell-cell aggregates attached to the plastic
dishes and expressed E-cadherin at cell-cell boundaries but little
at the free cell border (Fig. 1). Western blot analysis showed
that the E-cadherin expressed on PC 9 cells was the same mo
lecular size as that on HCT-15 cells, and it also showed the
same Ca2+ sensitivity as the functional E-cadherin which had
been reported previously (19) (Fig. 2); that is, E-cadherin on PC
9 cells was resistant to trypsin treatment in the presence of
Ca2+. Also, PC 9 E-cadherin showed a detergent solubility
similar to that of the functional molecule; a considerable
amount of E-cadherin could not be extracted with Nonidet
P-40, as found before (19). No alteration in the E-cadherin gene
of PC 9 cells could be found by Southern blotting (data not
shown). P-cadherin was not detected in PC 9 cells by either
immunocytochemistry or Western blotting (data not shown).
In cell aggregation experiments, PC 9 cells showed only a low
rate of E-cadherin-mediated aggregation, which was completely
blocked by addition of anti-E-cadherin mAb (Fig. 3). In con
trast, HCT-15 cells showed strong aggregation (Fig. 3). More
over, PC 9 cells formed more fragile aggregates than HCT-15
cells. A considerable proportion of them were disrupted by
shaking at 150 times/min (Fig. 3).
Analysis of a-Catenin in PC 9 Cells. We next examined
whether PC 9 cells had any abnormalities of cadherin-associated proteins, known as catenins. Catenins on PC 9 and
HCT-15 cells were examined by coimmunoprecipitation
with
E-cadherin using HECD-1. As shown in Fig. 4, the precipitate
from PC 9 cells contained a protein considered to be 0-catenin
but no molecule at the position for a-catenin, whereas HECD-1
precipitated two major catenins, a- and 0-catenins, with E-cad
herin from HCT-15 cells. The immunoprecipitate from PC 9
also contained a few bands of proteins with lower molecular
weights than that of a-catenin. The precipitate from PC 9 or
HCT-15 was then analyzed by Western blotting using a newly
established mAb against a-catenin, a-18, and this confirmed
that a-catenin was missing from the PC 9 cells (Fig. 4). The

PC 9

HCT-15

Fig. 1. Phase-contrast micrograph and immunofluorescence staining of E-cadherin in
PC 9 and HCT-15 cells. Arrowheads, free cell
border of HCT-15 cells. Scale bar. 100 ^m (left
upper), 25 urn (left lower). 50 urn (right upper).
and 10 urn (right lower).
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Fig. 2. Western blot analysis of E-cadherin. Samples were obtained from nontrypsinized cells (AT), from cells treated with trypsin in the presence of Ca2*
(TC), and from cells treated with trypsin and ethyleneglycol-bis(d-aminoethylether)-iY,;V-tetraacetic acid in the absence of Ca2+ (TE), as described previously
( 19). Detergent-soluble (5) and detergent-insoluble (/) fractions of PC 9 cells were
also analyzed. Samples in each lane were derived from 1 ul of the pellet. Bars show
positions of molecular weight markers in M, x IO3.
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Fig. 4. Immunoprecipitation with E-cadherin and Western blot analysis of
a-catenin. Lysates of PC 9 and HCT-15 cells were precipitated with normal
mouse IgG (N) or anti-E-cadherin mAb. HECD-1 (//). The position of a-catenin
is indicated by arrowheads. Bands corresponding to the mobility of 0-catenin are
indicated by closed stars. Other bands detected in PC 9 cells are presently un
known. Part of the sample precipitated with HECD-1 was also subjected to
Western blotting using anti-n-catenin mAb, a-18.
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Fig. 3. Aggregation of cells under different conditions. Cells were allowed to
aggregate in the absence of Ca2+, in the presence of Ca2* (5 mm Cadi), or in the
presence of Ca2+ and HECD-1 (20 Mg/ml), and each degree of aggregation is
indicated by closed bars. The aggregates formed in the presence of Ca2+ (cadherinmediated aggregates) were shaken reciprocally at 150 times/min for 30 min to
examine the strength of cell-cell adhesion in the aggregates. Open bars show the
extent of cell aggregation after this treatment.

lower-molecular-weight bands in the precipitate from PC 9 cells
(Fig. 4) did not react with a-18, although these could have been
abnormal a-catenin peptides. a-Catenin was also not detected
by Western blotting in a whole cell lysate of PC 9 (data not
shown).
Northern blotting using an a-catenin complementary DNA
probe covering the entire open reading frame detected very faint
3.0- and 2.7-kilobase bands in poly(A)+ RNA of PC 9 cells,
whereas it detected intense bands of 3.8- and 3.4-kilobase tran
scripts in HCT-15 cells (Fig. 5). We then examined the a-cate
nin gene of PC 9 cells by Southern blotting using the same
probe as above. As shown in Fig. 5, a 7.5-kilobase fragment in
the EcoRI digest and also 15- and 5.4-kilobase fragments in the
Hindlll digest which were present in HCT-15 were not detected
in PC 9. We also examined normal tissues in which cadherins
were assumed to be functional and confirmed that the restric-

1.1 1.4 0.8

-

0.6 -

Fig. 5. Northern and Southern blot analyses of a-catenin. For Northern blot
ting, 3 fig of poly(A)+ RNA were loaded in each lane. The positions of a-catenin
mRNAs are indicated by arrowheads. Bars show positions of molecular size
marker mRNAs in kilobases. For Southern blotting, 5 ng of high-molecularweight DNA were digested with EcoRI or ///'Â»dill and loaded on each lane. The
bands lacking in PC 9 samples are indicated by arrowheads. The 15-kilobase band
in the ///ndlll digest of HCT-15 DNA is fused with the band just above it. Bars
show positions of molecular size marker DNAs in kilobases.

tion pattern of their a-catenin gene was the same as that of
HCT-15 (data not shown).
DISCUSSION
It has been demonstrated that suppression of cadherin-mediated cell-cell adhesion leads to enhanced invasiveness (20-22).
It has also been reported that a highly metastatic ovarian tumor
line showed characteristic unstable cadherin expression (23),
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and loss of cadherins has been implicated in the final stage of
mouse epidermal carcinogenesis (24). These experimental find
ings strongly suggested a causal relationship between suppres
sion of cadherin function and progression of cancers. In fact,
loss or reduction of cadherin expression, possibly linked with a
"scattered" histopathological appearance and increased invasiveness, has been found by immunohistochemistry in resected
human gastric, hepatocellular, and other carcinomas (4, 5, 25).
However, in the previous study, we encountered many gastric
carcinomas which had no tight cell-cell adhesion despite strong
expression of E-cadherin (4), suggesting that these cancer cells
might have some mechanism which suppressed cadherin func
tion.
In the present study, we found that PC 9, a lung carcinoma
line, strongly expressed E-cadherin molecules which were in
distinguishable from functional ones with regard to various
properties, but showed very weak cell-cell adhesiveness. It is
well known that cadherins are concentrated at cell-cell contact
sites and that free cell borders lack, or have less, cadherins ( 17,
26, 27). In general, cells with functional cadherins adhere
tightly to one another, leading to deformation of their shape in
order to maximize the area of cell-cell contact (16). All of these
features were observed in cell-cell adhesion of HCT-15 cells but
not of PC 9 cells. PC 9 cells adhered to one another retaining a
spherical shape, as if they were aggregated due to Ca2+-independent cell-cell adhesion (16). However, the cell aggregation
experiment showed that E-cadherin of PC 9 cells functioned
very weakly, and it was blocked by anti-E-cadherin mAb. These
observations suggest that E-cadherin molecules expressed on
PC 9 cells are normal and can bind cells together via small areas
of contact, but some mechanism for eliciting the full function of
E-cadherin, for example one which concentrates the molecule
at cell-cell contact sites, is deficient in PC 9 cells.
Immunoprecipitation
and Western blot analyses revealed
that PC 9 cells did not express normal o-catenin, although we
could not exclude the possibility that they expressed some frag
ments of a-catenin. Functions of catenins in cadherin-mediated
cell-cell adhesion are still unclear. However, since E-cadherin
molecules with deletions in the cytoplasmic domain lose the
ability to bind to one another and cannot associate with
catenins (8, 10), it is considered that cadherin-catenin complex
formation is indispensable for the expression of cadherin func
tion. Therefore, it is conceivable that loss of a-catenin results in
insufficient E-cadherin function in PC 9 cells. Recently, we
attempted to transfect PC 9 cells with a complementary DNA
for a subtype of a-catenin and found that the transfected cells
formed tight cell-cell adhesions mediated by E-cadherin (28).
This result confirms our speculations that PC 9 cells express
normal E-cadherin molecules and that loss of a-catenin results
in cadherin dysfunction.
Northern and Southern blot analyses performed in this study
revealed a possible explanation for the mechanism of loss of PC
9 a-catenin expression. Northern blotting demonstrated that
PC 9 cells faintly expressed smaller a-catenin mRNAs in com
parison with HCT-15 cells showing normal cadherin function.
Some fragments of the a-catenin gene were not detected in
Southern blots hybridized with an a-catenin complementary
DNA probe which covered the entire open reading frame. These
results suggest that part of the a-catenin gene containing some
exon(s) is homozygously deleted in PC 9, resulting in weak
expression of abnormal mRNAs, so that finally PC 9 cells
cannot produce normal a-catenin molecules.

Although the present work focused on only one cancer line
lacking a-catenin, the same mechanism could be involved in cell
detachment of many cancer types. Following the present study,
we have examined expression of a-catenin as well as E-cadherin
in surgically resected gastric carcinomas by immunohistochem
istry and immunoblotting, and we have found a considerable
number of "scattered" carcinomas expressing E-cadherin but
not a-catenin.5 Actually, 11 of 24 E-cadherin-positive "scat
tered" gastric carcinomas, 45.8%, lacked a-catenin expression.
It is likely that in those cases the loss of a-catenin caused the
"scattered" phenotype and enhanced invasiveness. PC 9 cells
would be a useful model material for further analysis of cell
detachment mechanisms and a-catenin functions.
ACKNOWLEDGMENTS
We thank Dr. N. Matsuyoshi for helpful instruction in the cell ag
gregation experiment and H. Suzuki for technical assistance.

REFERENCES
1. Takeichi, M. The cadherins: cell-cell adhesion molecules controlling animal
morphogenesis. Development (Camb), 702: 639-655, 1988.
2. Takeichi, M. Cadherin cell adhesion receptors as a morphogenetic regulator.
Science (Washington DC), 251: 1451-1455, 1991.
3. Shimoyama, Y., Hirohashi, S., Hirano, S., Noguchi, M., Shimosato, Y.,
Takeichi, M., and Abe. O. Cadherin cell adhesion molecules in human epi
thelial tissues and carcinomas. Cancer Res., 49: 2128-2133. 1989.
4. Shimoyama, Y., and Hirohashi, S. Expression of E- and P-cadherin in gastric
carcinomas. Cancer Res., 51: 2185-2192, 1991.
5. Shimoyama, Y., and Hirohashi, S. Cadherin intercellular adhesion molecule
in hepatocellular carcinomas: loss of E-cadherin expression in an undifferentiated carcinoma. Cancer Lett., 57: 131-135, 1991.
6. Vestweber, I')., and Kemler, R. Some structural and functional aspects of the
cell adhesion molecule uvomorulin. Cell Differ., 15: 269-273, 1984.
7. PeyriÃ©ras,N., Louvard, D., and Jacob, F. Characterization of antigens rec
ognized by monoclonal and polyclonal antibodies directed against uvomoru
lin. Proc. Nati. Acad. Sci. USA, 82: 8067-8071. 1985.
8. Ozawa, M., Baribault, H., and Kemler, R. The cytoplasmic domain of the cell
adhesion molecule uvomorulin associates with three independent proteins
structurally related in different species. EMBO J., 8: 1711-1717, 1989.
9. Nagafuchi, A., and Takeichi, M. Transmembrane control of cadherin-medi
ated cell adhesion: a 94 kDa protein functionally associated with a specific
region of the cytoplasmic domain of E-cadherin. Cell Regulation, 1: 37-44,
1989.
10. Ozawa, M., Ringwald, M., and Kemler, R. Uvomorulin-catenin complex
formation is regulated by a specific domain in the cytoplasmic region of the
cell adhesion molecule. Proc. Nati. Acad. Sci. USA, 87: 4246-4250, 1990.
11. Nagafuchi, A., Takeichi. M., and Tsukita. S. The 102 kd cadherin-associated
protein: similarity to vinculin and posttranscriptional regulation of expres
sion. Cell, 65: 849-857, 1991.
12. Herrenknecht, K., Ozawa, M., Eckerskorn, C., Lottspeich, F., Lenter, M.,
and Kemler, R. The uvomorulin-anchorage protein a-catenin is a vinculin
homologue. Proc. Nati. Acad. Sci. USA, 88: 9156-9160, 1991.
13. McCrea, P. D., Turck, C. W., and Gumbiner, B. A homolog of the armadillo
protein in Drosophila (plakoglobin) associated with E-cadherin. Science
(Washington DC), 254: 1359-1361, 1991.
14. Kinjo, M., Oka, K., Naito, S., Kohga. S., Tanaka, S., Oboshi, S., Hayata, Y.,
and Yasumoto, K. Thromboplastic and fibrinolytic activities of cultured hu
man cancer cell lines. Br. J. Cancer, 39: 15-23, 1979.
15. Dexter, D., Barbosa, J. A., and Calabresi, P. /V./V-Dimethylformamide-induced alteration of cell culture characteristics and loss of tumorigenicity in
cultured human colon carcinoma cells. Cancer Res., 39: 1020-1025, 1979.
16. Takeichi, M. Functional correlation between cell adhesive properties and
some cell surface proteins. J. Cell Biol., 75: 464-474, 1977.
17. Shimoyama, Y., Yoshida. T., Terada, M., Shimosato, Y., Abe, O., and Hi
rohashi, S. Molecular cloning of a human Ca2*-dependent cell-cell adhesion
molecule homologous to mouse placenta! cadherin: its low expression in
human placenta! tissues. J. Cell Biol., 109: 1787-1794, 1989.
18. Zhang, W., Hirohashi, S., Tsuda, H., Shimosato, Y., Yokota, J., Terada, M.,
and Sugimura, T. Frequent loss of heterozygosity on chromosomes 16 and 4
in human hepatocellular carcinoma. Jpn. J. Cancer Res., 81: 108-111, 1990.
19. Nagafuchi, A., and Takeichi, M. Cell binding function of E-cadherin is reg
ulated by the cytoplasmic domain. EMBO J., 7: 3679-3684, 1988.
20. Behrens, J., Mareel, M. M., Van Roy, F. M., and Birchmeier, W. Dissecting
tumor cell invasion: epithelial cells acquire invasive properties after the loss
5 A. Ochiai, Y. Shimoyama, A. Nagafuchi, S. Tsukita, and S. Hirohashi, manu
script in preparation.

5773

Downloaded from cancerres.aacrjournals.org on May 15, 2021. © 1992 American Association for Cancer Research.

LOSS OF C.-CATENIN IN A HUMAN CANCER

21.

22.
23.
24.

of uvomorulin-mediated cell-cell adhesion. J. Cell Biol., 108: 2435-2447,
1989.
Frixen, U. H., Behrens, J., Sachs, M., Eberle, G., Voss, B.. Warda, A.,
LÃ¶chner,D., and Birchmeier, W. E-cadherin-mediated cell-cell adhesion prÃ©vents invasiveness of human carcinoma cells. J. Cell Biol., 113: 173-185,
1991.
Vleminckx, K., Vakaet, L., Jr., Marcel, M., Fiers, W., and Van Roy, F.
Genetic manipulation of E-cadherin expression by epithelial tumor cells reveals an invasion suppressor role. Cell, 66: 107-119, 1991.
Hashimoto, M., Niwa, O.. Nitta, Y., Takeichi, M., and Yokoro. K. Unstable
expression of E-cadherin adhesion molecules in metastatic ovarian tumor
cells
Jpn P.',
J Cancer
1989
Navarro,
GÃ³mez,Res
M'.', SO-459-463
Pizarro, A.,'Camallo.
C., Quintanilla, M., and
Cano. A. A role for the E-cadherin cell-cell adhesion molecule during tumor

25.

26.
2728'

progression of mouse epidermal carcinogenesis. J. Cell Biol., 115: 517-533
1991.
Shiozaki, H., Tahara, H., Oka, H., Miyata, M., Kobayashi, K., Jamura, S.,
lihara, K., Doki, Y., Hirano, S., Takeichi, M., and Mori, T. Expression of
immunoreactive E-cadherin adhesion molecules in human cancers. Am. J.
Pathol., /39: 17-23, 1991.
Damsky, C. H., Richa, J., Solter, D., Knudsen, K., and BÃ¼ck,C. A. Identification and purification of a cell surface glycoprotein mediating intercellular
adhesion in embryonic and adult tissue. Cell, 34: 455-466, 1983.
Hiâ„¢nÂ°S., Nose, A., Hatta, K., Kawakami, A., and Takeichi, M. Calciumdependent cell-cell adhesion molecules (cadherins): subclass specificities and
possible SV
involvement
of actin
bundles. Y
J. Cell
Biol., 105:
"iranÂ°Kimoto- N.,
Shimoyama,
Hirohashi,
S. 2501-2510,
and Takeichi,1987.
M.
Identification of a neural a-catenm as a key regulator of cadhenn function
and multicellular organization. Cell, 70: 293-301, 1992.

5774

Downloaded from cancerres.aacrjournals.org on May 15, 2021. © 1992 American Association for Cancer Research.

Cadherin Dysfunction in a Human Cancer Cell Line: Possible
Involvement of Loss of α-Catenin Expression in Reduced
Cell-Cell Adhesiveness
Yutaka Shimoyama, Akira Nagafuchi, Shin Fujita, et al.
Cancer Res 1992;52:5770-5774.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/52/20/5770

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/52/20/5770.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on May 15, 2021. © 1992 American Association for Cancer Research.

