
(CANCER RESEARCH 53, 3585-3590. August I. 1993|

Reduction of E-Cadherin Levels and Deletion of the a-Catenin Gene in Human
Prostate Cancer Cells1

Ronald A. Morton, Charles M. Ewing, Akira Nagafuchi, Shoichiro Tsukita, and William B. Isaacs2

Brady Urological Institute, Research Laboratories Â¡R.A. M.. C. M. Â£.. W. B. I.I and Oncology Center Â¡W.B. /./. The Johns Hopkins Medical Institutions. Baltimore, Maryland
21205. and Department of Information Physiology. National Institute for Physiological Sciences, Myodaiji. Okazaki. Aichi 444, Japan Â¡A.N.. S. T.Â¡

ABSTRACT

The cadherins are a family of transmembrane glycoproteins responsible
for calcium-dependent cell-cell adhesion. This adhesion is mediated by a

group of cytoplasmic proteins, the catenins, which act inside the cell to
couple the cadherin molecule to the microfilament cytoskeleton. Dysfunc
tion of E-cadherin-dependent cell-cell adhesion has been demonstrated to
contribute to the acquisition of invasive potential of malignant adenocar-

cinoma cells. The potential role of alterations of catenin expression in
tumor cell invasion is largely unexplored. We have previously found that
E-cadherin is frequently down-regulated in clinical samples of prostate
cancer (Umbas, R., Schalken, J. A., Aalders, T. W., Carter, B. S., Karl lia us,
H. F. M., Schaafsma, H. E., Debruyne, F. M. J., and Isaacs, W. B. Cancer
Res., 52: 5104-5109, 1992). In this study, we further investigate this ad
hesion system in both benign and malignant human prostate cells in
culture. Using antibodies to E-cadherin and its cytoplasmic accessory
protein, a-catenin, we find that 5 of 6 human prostate cancer cell lines

have reduced or absent levels of one or the other or both of these molecules
when compared to normal prostatic epithelial cells. Only the LNCaP
prostate cancer cell line is indistinguishable from normal prostate epithe
lium with respect to its E-cadherin-a-catenin complement. Interestingly,
the PC-3 line is characterized by the presence of E-cadherin, but the
complete lack of a-catenin found at both the RNA and protein level. This
lack of a-catenin gene expression is explained by Southern analysis, which
reveals a homozygous deletion of a large portion of the a-catenin gene in
PC-3 cells. This loss of a-catenin is functionally manifested by negligible
Ca2*-dependent aggregation of these cells in vitro, when compared to

LNCaP cells. These results confirm that E-cadherin-dependent cell-cell

adhesion is frequently aberrant in prostate cancer cells, and suggest that
in a subset of prostate cancers, this adhesion may be inactivated by loss of
a-catenin rather than E-cadherin itself. Furthermore, these results dem
onstrate that mutational inactivation of the a-catenin gene is one mech
anism responsible for the loss of normal cell-cell adhesion in prostate

cancer.

INTRODUCTION

Invasive cell behavior is a critical discriminating difference be
tween benign and malignant tumor cells. Acquisition of invasive
potential by malignant cancer cells results from an accumulation of
characteristics, including increased cell motility, secretion of pro-
teolytic enzymes, and alterations of cell-substrate and cell-cell adhe

sion ( 1). The molecular mechanisms responsible for this latter process,
altered cell-cell adhesion in invasive cancer cells, are partially under
stood. In particular, the role of the cadherins, a family of Ca2+-

dependent cell adhesion molecules, as important modulators of these
processes, has been documented (2-6). These molecules normally
play a critical role in cell-cell recognition and tissue morphogenesis

(2, 7). In cancer cells, in vivo and in vitro studies have demonstrated
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a strong correlation between loss of E-cadherin and acquisition of
invasive phenotype (3-6). Inside the cell, cadherin function is medi

ated by a group of proteins called catenins, a, ÃŸ,and 7, which act to
couple the cadherin molecule to the microfilament cytoskeleton
(8-10). Specifically, a-catenin is thought to link the E-cadherin-ÃŸ-

catenin complex to actin filaments (11). Several studies have docu
mented the absolute requirement for interaction of E-cadherin with the

catenins for normal adhesive function (9, 11). Although considerable
attention has been given to the potential role of cadherin, particularly
E-cadherin, in acquisition of the invasive phenotype, little is known

about the status of the catenins in cancer cells.
Prostate cancer has become the most frequently diagnosed cancer in

men in the United States (12). Despite this, relatively little is known
regarding the molecular events underlying the pathogenesis of this
disease. Previous studies of prostate cancer DNA have revealed that
one copy of chromosome 16q is frequently deleted from prostate
cancer cells (13, 14). From deletion mapping studies (15), the com
mon region of deletion was found to include the E-cadherin gene
located at chromosome 16q22.1 (16). In a study of E-cadherin protein

levels in surgical specimens of prostate cancer, we found that almost
one-half of the tumors examined had reduced or absent E-cadherin
protein (17). In some tumors, an abnormal distribution of E-cadherin
was seen, suggesting alterations in E-cadherin processing or localiza

tion. Furthermore, although metastatic deposits of prostate cancer
generally showed reduced or absent E-cadherin levels, some meta
static deposits were found to have strong E-cadherin staining. To more
fully evaluate the cadherin-dependent adhesion system in prostate

cancer, we investigate in this study the synthesis and interaction of
E-cadherin and its critical cytoplasmic binding protein, a-catenin in

normal prostate cells and prostate cancer cell lines. As in cell lines
derived from other adenocarcinomas (e.g., bladder and breast) (5, 18),
we find that E-cadherin expression is altered (either reduced or absent)

in a number of the prostate cancer cell lines examined. An unexpected
finding from the present study is that a-catenin expression is also

frequently altered in prostate cancer cell lines, and in at least one case
(PC-3 cells) complete loss of a-catenin expression is observed in cells
that continue to express E-cadherin. We find that this loss of expres

sion is the result of a homozygous deletion of a large portion of the
a-catenin gene. These results raise the possibility that alterations of
the a-catenin gene or its expression may be a mechanism of decreased
cell-cell adhesion found in invasive carcinoma cells.

MATERIALS AND METHODS

Cell Lines and Cell Culture. LNCaP, DU-145, PC-3, and PPC-1 prostate

cancer cell lines were obtained from the American Type Culture Collection.
TSU-Prl cell line was developed by lizumi et al. (19) and was obtained from

Dr. John Isaacs (The Johns Hopkins University). The DuPro cell line was a
kind gift from Dr. Karen Webb (Duke University) (20). All cancer cell lines
were maintained in RPMI 1640 + 10% FCS.3 Samples of histolÃ³gica!ly

normal prostate tissue were obtained from patients undergoing radical cysto-

prostatectomy for treatment of bladder cancer or radical prostatectomy for

' The abbreviations used are: PCS, fetal calf serum; HBSS, Hanks' balanced salt

solution.
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prostate cancer. Tissue samples were digested with collagenase (2 mg/ml in
HBSS with calcium and magnesium), and the resulting organoids cultured in
RPMI 1640:MCDB 153 1:1 with 5% PCS and growth factors (insulin, epider
mal growth factor, cholera toxin, dexamethasone. and bovine pituitary extract)
at the concentrations described previously (21).

To metabolically label cell cultures. ['5S]methionine (I(XX) Ci/mmol: Am-

ersham) was added (final concentration. 400 Â¿iCi/ml)to methionine-free RPMI

1640 + 10% dialyzed PCS and incorporated into protein for 4 h.
Antibodies. Mouse monoclonal antibodies against human E- and P-cad-

herin [HECD-1 and NCC-CAD (22), respectively] were kind gifts of Dr. S.
Hirohashi (Tokyo, Japan). A rat monoclonal antibody against a-catenin. a-18.
has been described previously (23). These antibodies were used in immuno-
fluorescent analysis of formalin-fixed cultured cells using fluorescein-labeled

second antibodies as described previously (24). Western blot analysis using
peroxidase-conjugated second antibodies and the ECL detection system
(Amersham) or I25l-labeled second antibodies (which gave comparable re

sults), and immunoprecipitation analysis using protein A + G Agarose beads

(Oncogene Science) as a capture reagent.
For Western blots, cell layers were rinsed 3 times with HBSS and then

solubilized in 1% sodium dodecyl sulfate. 20 niM Tris (pH 7.4), I HIMCaCI2,
and processed subsequently as described by Shimoyama et ill. (22). Western
blots were normalized so that each gel lane contained the same amount of
cellular protein, as determined by the BCA reagent (Pierce). The signals
obtained were quantitated by scanning densitometry of Kodak XAR X-ray
film, and the levels of P- and E-cadherin and a-catenin present in the cancer

cell lines were calculated and expressed in Table 1 relative to the amount of
these proteins present in an equal amount of cell protein derived from cultures
of normal prostate epithelium.

For immunoprecipitation. cell layers were rinsed as above and homogenized
in 2% Triton X-100 in 20 HIMTris, pH 7.4, 150 HIMNaCl, 2 HIMCaCI2 with

leupeptin (50 fig/ml), and phenylmethylsulfonyl fluoride (1 mm). Following
centrifugation at 100,(XX)X g for 30 min at 4Â°C.supernatants were mixed with

monoclonal antibodies overnight on ice. Equal numbers of immunoprecipitated
counts were loaded in each gel lane for each sample.

Northern and Southern Analysis. Total RNA was prepared from cultured
cells and probed with a full length mouse a-catenin cDNA as described

previously (24). High molecular weight DNA was isolated, digested, trans
ferred, and probed as described previously (13).

Isolation of Human a-Catenin cDNA Clones. A full length mouse a-cate
nin cDNA (24) was used to screen a A-gtll human prostate cDNA library
(Clonetech) using established procedures (25). Positive clones were plaque-

purified, and the inserts amplified using primers flanking the EcoRl cloning
site. The ends of a 1.4-kilobase insert (clone 39) were directly sequenced using

these primers using Taq polymerase (CircumVent; New England Biolabs). The
sequence thus obtained (â€”600 nucleotides) was over 90% homologous with
the mouse cDNA when aligned with nucleotides 538-1953 of the mouse

sequence as described by Nagafuchi et al. (24). Furtherdetails of this and other
cDNA clones will be presented elsewhere.

Cell Aggregation Assay. The calcium-dependent aggregation of the vari

ous cell lines was measured as described by Takeichi (26). Briefly, to generate
single cells, cell monolayers were treated with 0.01* trypsin (Worthington) in
calcium- and magnesium-free Hanks' balanced salt solution buffered with 10
mM /V-2-hydroxyethyl-piperazine-/v"-2-ethanesulfonic acid and supplemented

with 1 IÃ•IMCaCli. Cells detached from the plate after 25 min at 37Â°Cwere

collected by centrifugation and washed with HBSS supplemented with 0.01%

Table I Relative lÃ©velaof E- and P-fudherin and a-catenin in prostate cella"

CellsNormal''LNCaPDU

145PC-3PPC-1DuProTSU-PrlE-cadherin1.0I.I0.10.6N

DN
DNDP-cadherin1.0ND'2.30.7NDNDNDor-catenin1.00.80.2NDNDND0.1

" Levels determined by scanning densitometry of autoradiographs of Western blots.
'' All values are relative to levels found in cultured normal prostate epithelial cells, and

represent the average values from 3 separate determinations.
' ND. not detectable.

soybean trypsin inhibitor and 0.1% bovine serum albumin. Cells were then
inoculated into a 24-well plate (precoated with 0.1% bovine serum albumin) at
2 x 10s cells/well in HBSS with or without 1 mM CaCl2 and allowed to

aggregate for 30 min on a gyratory shaker at 80 rpm. The degree of aggregation
was measured by the percentage NvJN,, X 1(X). where N<, is the total cell
number per well and Nvt is the total number of particles (single cells and cell
aggregates) after 30 min of incubation as determined by counting with a
hemocytometer.

RESULTS

We have found previously that the level of E-cadherin protein in

surgical specimens of prostate cancer was reduced or absent in ap
proximately one-half of all tumors examined, and this reduction was

more likely to occur in poorly differentiated cancers (17). To examine
this process in greater detail, we analyzed E-cadherin levels in cul

tured normal prostate epithelium and a series of prostate cancer cell
lines. All of the cancer cells lines studied were established from
metastatic deposits of prostate cancer, grown as epithelioid monolay
ers in culture and, with the exception of PPC-1, are keratin positive4

(19, 20, 27, 28). When injected into nude mice, all of the cell lines
except LNCaP readily form tumors. Normal prostate epithelial cells
were derived from histologically normal prostate tissue, and analyzed
within 1 week of primary culture.

We used Western blotting to detect E- and P-cadherin in the cul

tured normal and neoplastic prostate epithelial cells. The results for
E-cadherin are shown in Fig. 1, and the quantitation of the levels of

both cadherins is summarized in Table I. As can be seen in Fig. 1,
E-cadherin can readily be detected in cultured normal prostate

epithelial cells. In all 6 prostate cancer cell lines examined, however,
altered levels of E- or P-cadherin are seen. LNCaP cells, for example,
contain normal levels of E-cadherin. but no P-cadherin, whereas
Du 145 have less E-cadherin but more P-cadherin than cultured normal
prostate epithelial cells. PC-3 cells contain reduced amounts of both
E- and P-cadherin. TSU, PPC-1, and DuPro cells contain little or no

detectable amounts of either cadherin. These results are confirmed at
the cellular level by immunofluorescent staining of cells in culture
(data not shown).

To examine the synthesis of E- and P-cadherin and the formation of

complexes between these proteins and the catenins, we performed
immunoprecipitation experiments with cultures of normal and malig
nant prostate cells, metabolically labeled with | ^Sjmethionine. As can

be seen in Fig. 2, normal prostate cells synthesize abundant E-cad

herin (A/r 124,000 band), consistent with the Western blot data de
scribed above. Also evident from Fig. 2 is the presence of a series of
smaller proteins that co-immunoprecipitate with E-cadherin. The 3

most abundant of these are approximately M, 102,000, 96,000, and
82,000. These proteins are also found in both E- and P-cadherin

immunoprecipitates from DU 145 cells, although the M, 82.000 band
is significantly reduced in the samples from this line. Proteins of these
molecular weights consistently co-immunoprecipitate with cadherins
synthesized by a variety of cells and have been termed a-, ÃŸ-,and
y-catenins, respectively (8). These proteins form a complex with the

cytoplasmic portion of cadherin molecules, and are thought to couple
cadherins to the microfilament cytoskeleton (8, 9, 11, 29). As men
tioned above, this catenin-cadherin interaction has been demonstrated

to be crucial for normal adhesive function of cadherins.
The immunoprecipitation pattern obtained with LNCaP cells using

E-cadherin antibodies is indistinguishable from that obtained with
normal prostate epithelial cells. PC-3 cells, however, show a different
pattern; although E-cadherin is readily apparent, the Mr 102,000 band

4 W. B. Isaacs, unpublished observations.
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LN nl LN PC3 DU PPC DuP TSU

-I l6kD

Fig. I. Western blot analysis of E-cadherin in prostate cells. LN. LNCaP cells; nl,
normal prostate epithelial cells; PC3. PC-3 cells; DU. DUI45 cells; PPC. PPC-1 cells;
DuP. DuPro cells; TSU. TSUPr-1 cells. For comparison purposes. LNCaP cells were
analyzed at the same time as normal cells (left panel), and in a different analysis with the
remaining cell lines (righi panel). Exposure times were 2 min (left panel) and extended
to 15 min (righi panel) to increase sensitivity; 50 u,g of total cellular protein were loaded
in each Lane, and probed with HECD-1 monoclonal antibody. ÃŸ-Galactosidase ( 116 kD)

is the molecular weight marker.

detection of a strong signal at the RNA level but only a small amount
of protein in immunoblot analysis in DU 145 and TSU cells suggests
that the amount of a-catenin is regulated at the posttranscriptional

level as demonstrated by Nagafuchi et al. (24).
The status of the a-catenin gene in the various cells lines was

examined by Southern blotting using a 1.4-kilobase partial human

nl DU LN PC3 PPC DuP TSU

-116kD

-ab LN PC3 DU DU-Pcad

-M6kD

- 97kD
B

LDPT

LN PC3

-I l6kD

4.4-

kb

Fig. 2. A. immunoprecipitation of E- and P-cadherin from metabolically labeled pros
tate cells, -ab, minus primary antibody control. All other Lanes are E-cadherin immuno-
precipitated with HECD-1 monoclonal antibodies from LNCaP. PC-3, or DU 145 cells,
respectively, except the far right Lane (DU-Pcad), which is P-cadherin immunoprecipi-
tated with NCC-CAD monoclonal antibodies from DU 145 cells. The position of E-cad
herin ( 124kD) is marked with a bar. The positions of the coimmunoprecipitating catenins
are denoted a, ÃŸ,and y. ÃŸ-Galactosidase and phosphorylase b (97kD) are the molecular
weight markers. Note the lack of the Afr 102,000 band co-immunoprecipitating from PC-3
cells. B, Western blot detection of a-catenin in E-cadherin immunoprecipitates. HECD-1
immunoprecipitates were blotted and probed with anti-a-catenin antibody (a-18). a-Cate-
nin is found complexed with E-cadherin in LNCaP cells (LN) but not PC-3 cells.

is absent or greatly reduced when compared to either normal prostate
or LNCaP cells. Likewise, when P-cadherin is immunoprecipitated
from PC-3 cells, no A/r 102,000 protein is observed to co-immuno-

precipitate (data not shown). To immunologically confirm the identity
of this protein, antibodies to a-catenin were used to probe Western
blots of E-cadherin and its associated molecules after recovery of

these complexes from cell lysates by immunoprecipitation. As seen in
Fig. 2B, this analysis reveals that, as expected, the M, 102,000 E-cad-
herin-associated protein, present in LNCaP cells, binds anti-a-catenin
antibody. No detection of this protein is noted in E-cadherin immu
noprecipitates from PC-3 cells.

To determine whether a-catenin is indeed absent from PC-3 cells or
is present but does not interact with E-cadherin, we probed Western

blots of total cell lysates of these and the other prostate cancer cell
lines with a-catenin antibodies. As can be seen in Fig. 3A, this anal
ysis demonstrates the lack of a-catenin from PC-3 (as well as PPC-1

and DuPro) and its presence in normal prostatic epithelium as well as
the LNCaP and, to a lesser extent, the DU 145 cell lines. The TSU cell
line contains barely detectable levels of a-catenin protein. Immuno-
fluorescent staining of a-catenin in LNCaP, DU-145, and PC-3 cells
(Fig. 4) cells is consistent with these results. No a-catenin was de
tectable by staining in either DuPro or PPC-1, and only traces of

staining were detected in TSU cells (data not shown). Northern anal
ysis of these same lines is in agreement with the Western blot analysis,
inasmuch as no detectable a-catenin mRNA is present in the PC-3 line
(nor PPC-1 or DuPro; data not shown), whereas a single 4.0-kilobase

message is detected in LNCaP, DU 145, and TSU (Fig. 3ÃŸ).The

3587

DU PC TSU

23.1-

Fig. 3. A, Western blot analysis of a-catenin in prostate cells. Fifty ng of total cellular
protein were probed with a-18. Cell designations are the same as in Fig. I. fl. Northern
analysis of a-catenin mRNA in prostate cancer cell lines. Ten mg total RNA were loaded
in each lanes, and probed with a random primer-labeled full length mouse a-catenin
cDNA. The position of a 4.4-kilobase RNA molecular weight marker is noted. L, LNCaP;
D, DUI45; P, PC-3; T, TSUPr-l. C. detection of homozygous deletion in the a-catenin
gene in PC-3 cells by Southern blotting. Ten ng of Windl-digested genomic DNA were
probed with a 1.4-kilobase human a-catenin cDNA. Numbers on the left, sizes in kilobases
of Wi'm/III-digested Ã€-DNA.Restriction fragments not present in the PC-3 cell line are

denoted on the right by bars. LN. LNCaP; DU, DUI45; PC, PC-3; TSU. TSU. As a control
for loading, the blot shown was stripped and reprobed with an E-cadherin cDNA probe.
No differences in hybridization intensity among any of the samples were observed.
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Fig. 4. Immunofluorescent staining of a-catenin in prostate cancer cell lines. A. LNCaP
cells; B. DU145 cells; C, PC-3 cells. Original magnification: X 320 M) and X 800 (B

and C).

a-catenin cDNA (clone 39; see "Materials and Methods"). This probe

lies entirely within the translated region, encompassing codons 159-

630, based on the mouse sequence. Following digestion with Hindi,
DNA from LNCaP, DU 145, and TSU yielded an identical pattern with
major bands of 8.0,4.8, and 4.4 kilobases and less intense bands of 20,
9.4, 6.4, 2.9, 2.3 and 1.0 kilobases (Fig. 3C). An identical pattern was
observed in lymphoblast DNA from 10 normal individuals as well
(data not shown). Surprisingly. DNA from PC-3 cells showed no

hybridization to 6 of these 9 bands. Only restriction fragments of 8.0,
2.9, and 2.3 kilobases were observed in the PC-3 cell line. Probing
with a full-length mouse a-catenin cDNA yielded virtually identical

results. Detection of homozygously deleted restriction fragments in
PC-3 was also observed following digestion with a variety of restric

tion enzymes, including EcoRl, Hindlll, and Pvull, and probing with
either the human or mouse a-catenin cDNA (data not shown).

To assess the functional consequences of loss of a-catenin in the
PC-3 cell line, we compared the calcium-dependent aggregation of

cells in a cell suspension assay developed by Takeichi (26). This assay
has been widely used to detect the presence of functional cadherin-

mediated cell adhesion processes. We found that whereas LNCaP cells
were capable of a high degree of calcium-dependent aggregation,
PC-3 cells were deficient in this process (92 Â±5% versus 23 Â±4%
of cells form aggregates in a Ca2+-dependent fashion, respectively).

These results suggest that although PC-3 cells make abundant E-cad-

herin, which is accessible at the cell surface (as assessed by positive
immunostaining of E-cadherin in nonpermeabilized PC-3 cells; data
not shown), cell-cell adhesion in these cells is deficient, presumably
due to lack of a-catenin.

DISCUSSION

In an effort to more fully characterize E-cadherin-dependent cell-
cell adhesion in prostate cancer, the present study examined E-cad

herin protein expression in prostate cancer cell lines and cultured
normal prostatic epithelium. This study confirms our previous finding
that E-cadherin levels are frequently reduced or absent in surgical

specimens of prostate cancer (17). Furthermore, this study provides
the unexpected finding that the levels of the E-cadherin-associated
protein a-catenin are also frequently reduced in prostate cancer cells.
Loss of this protein in the PC-3 cells is associated with their decreased

ability to aggregate when compared to cells expressing normal levels
of E-cadherin and a-catenin. Whereas loss of E-cadherin protein has

been observed in other adenocarcinoma cells, there is only one pre
viously reported example of a cell line lacking a-catenin (23, 30).
These latter reports describe a human lung cancer cell line, PC-9,
which resembles the PC-3 prostate cancer cell line studied here in that
both lines contained E-cadherin but not a-catenin. Importantly, res
toration of adhesive function in the PC-9 cells was observed after

reintroduction of a N catenin cDNA, confirming the importance of
this protein in mediating cell-cell interaction (30). These results fur
ther emphasize that a-catenin deficiency results in aberrant cell-cell
adhesion even in the presence of E-cadherin.

Multiple studies have suggested that loss of E-cadherin expression

is responsible for acquisition of invasive potential. Studies by Schip
per et al. (31) and Shimoyama and Hirohashi (32) have found that
tumors capable of or likely to metastasize are often devoid or contain
reduced levels of E-cadherin. These studies are supported by numer

ous reports, including a study in an animal model of prostate cancer
progression (33), showing a strong correlation between loss of E-cad
herin and invasion (3-6). This notion is supported by experiments in
which invasive potential can be suppressed by reintroduction of E-

cadherin by transfection (5). Other studies, however, have not found
a correlation between lack of E-cadherin and metastasis. In particular,

studies by Shimoyama et al. (21, 34) and Inoue (35) have found
multiple metastatic tumors that are strongly E-cadherin positive. From

the work presented here, one explanation for these disparate findings
may lie in alterations of a-catenin expression, leading to loss of
normal adhesive function without loss of E-cadherin expression. Pre

liminary staining experiments to assess this possibility in surgically
resected prostate cancers have detected a subset of tumors that are
E-cadherin positive and a-catenin negative,5 similar to the PC-3 cells

described here. Similarly, Shimoyama et al. (23) have preliminarily
reported that a significant fraction of gastric carcinomas is positive for
E-cadherin while being negative for a-catenin. Thus, multiple mech
anisms may exist for the inactivation of cadherin-dependent cell-cell

adhesion in prostatic and other carcinoma cells including loss of either

? J. C. Robinson and W. B. Isaacs, unpublished observations.
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E-cadherin or a-catenin. To add additional complexity, regulation of
this adhesion system by tyrosine phosphorylation of ÃŸ-catenin,as

demonstrated by Matsuyoshi et a!. (36), is also of potential importance
in cancer cells that maintain normal expression of the cadherin and
catenin proteins.

Passaniti et al. (37) have recently reported on the invasiveness of a
number of the prostate cancer cell lines studied here, as measured by
an in vitro Matrigel invasion assay. Interestingly, these investigators
found that the TSUPr-1 cell line was highly invasive in this assay,
followed by PC-3 and DU-145 cells showing a substantially lower but
detectable level of invasion, and LNCaP cells, which were noninva-
sive in their assay. DuPro and PPC-1 cells were not examined. In the

study described here, we find that only LNCaP cells appear to have an
intact E-cadherin-dependent cell adhesion system, whereas the other
lines have either reduced or absent levels of either E-cadherin (DU 145
and TSUPr-1, respectively) or a-catenin (PC-3). Thus, there appears

to be a correlation between invasive behavior and alterations in the
cadherin-a-catenin-dependent adhesive mechanism in these prostate

cancer cell lines.
Our analyses suggest that the LNCaP cell line appears to have an

intact E-cadherin-dependent cell-cell adhesion mechanism. This is

curious, since this line was derived from a metastatic deposit (a lymph
node in the case of LNCaP), as were the other lines examined in this
study. One possible explanation for the apparent discrepancy of the
maintenance of normal E-cadherin function in a metastatic cell is that
a reversible down-regulation of E-cadherin or a-catenin levels oc

curred, resulting in a transient expression of the invasive phenotype
during the formation of the metastatic deposit. Indeed, unstable ex
pression of E-cadherin or the catenins may be important in the devel

opment of invasive behavior in cells that have not undergone a com
plete genetic inactivation of one of the components of this adhesion
system. Additionally, since the metastatic phenotype is a complicated,
multifaceted one, it is possible that other cellular alterations (e.g.,
increased cell motility or secretion of proteolytic enzymes, altered
cell-extracellular matrix interactions) may overcome the ability of an
intact cell-cell adhesion system to block invasive cell behavior. Ob

viously, further work will be necessary to understand the factors that
regulate the expression and function of the cadherin-dependent cell

adhesion network, both normally and in the malignant state.
Nagafuchi et al. (24) recently used transfection experiments to

demonstrate the posttranscriptional regulation of a-catenin expres
sion. When mouse L-cells, which express neither a-catenin or E-cad
herin protein but do express a-catenin mRNA, are transfected with an
E-cadherin expression vector, a-catenin protein is readily detected,
apparently stabilized by the presence of E-cadherin protein. We find
that the TSUPr-1 prostate cancer cells also make abundant a-catenin
mRNA, but little a-catenin protein, presumably because these cells
lack E-cadherin protein.

Interestingly, the loss of a-catenin expression in PC-3 cells is the

result of a homozygous deletion of a large portion of the coding region
of the a-catenin gene. Homozygous deletions are rarely observed in

human cancers. The finding of such deletions previously has been
strongly associated with the presence of tumor suppressor gene loci
(38, 39). It will be important to determine the extent of the homozy-
gously deleted region in PC-3 cells to determine whether genes other
than the a-catenin gene are affected. However, the presence of such a

deletion in a prostate cancer cell line may provide a clue, suggesting
an important potential role for the a-catenin gene in prostatic tumor-
igenesis. Further studies are necessary to clarify the role of a-catenin

as a potential tumor or invasion suppressor gene affected in this
common cancer.
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