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INTRODUCTION 

The epidermal growth factor receptor (EGFR) and the related protein erbB2 have been 
implicated as important mediators of breast cancer tumorigenesis and metastasis. While much 
is known about EGFR signal transduction related to its tyrosine kinase activity, less is known 
about the protein tyrosine phosphatases (PTPs) which must be present to modulate the cellular 
effects of the EGFR by dephosphorylating the receptor and its substrates. Evidence derived 
from several approaches suggests that the transmembrane PTP LAR may be involved in EGFR 
signaling in mammary gland development and tumorigenesis. Two sets of data are 
particularly important. First, the LAR knockout mouse has been shown to have a defect in 
terminal mammary gland development. Second, we have shown that suppression of cellular 
LAR by 60% using an antisense expression vector results in a 3-4 fold elevation of EGF- 
dependent receptor signaling. Based upon these and other observations, the hypothesis to be 
tested in this proposal is that LAR plays an important role in EGFR-dependent mammary 
gland development and tumorigenesis through negative modulation of EGFR signal 
transduction. 
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ANNUAL REPORT 

The research question (hypothesis) to be tested in this proposal is that LAR plays an 
important role in EGFR-dependent breast cancer through negative modulation of EGFR 
signal transduction. With the long term goal of understanding the mechanisms by which EGF 
signaling is abnormal in breast cancer, two specific aims are being pursued: First: 
characterize the impact of LAR on TGFoc-dependent abnormal mammary gland development. 
This requires a mouse model which has the combined characteristics of a LAR deficient 
(knockout) mouse and a mouse which has a strong tendency to abnormal mammary 
development and tumors because of increased expression of the tumor-promoting gene 
(TGFoc) in the mammary gland. The hypothesis would predict that abnormal mammary 
development will be more pronounced in those mice with the absence of the modulatory 
effects of LAR. Second: define the mechanism by which LAR mediates its modulatory effect 
on EGFR signaling and alters mammary gland development. Examine how LAR interacts with 
EGFR. Is it direct or through some intermediate steps? 

Aim #1; Characterize the influence of PTP LAR on TGFa-dependent abnormal 
mammary gland development. 

This objective requires the crossing of LAR knockout mouse with mice expressing 
TGFoc targeted to the mammary epithelium. These studies require the monitoring of the mice 
for tumor formation for a period of 12 months and beyond. In the first funding year, it became 
known that the co-investigator, Dr. William Kisseberth, was relocating to the Dept. of Clinical 
Sciences, College of Veterinary Medicine, Ohio State University. While this relocation did 
not alter the objectives of this study, Dr. Kisseberth's contribution to the project included this 
aspect of the study, ie. the crossbreeding of the mice and the monitoring of same for tumor 
formation. Thus, it was decided to postpone the initiation of the mouse crossing studies until 
after the relocation so that they can be completed at Ohio State. Relocation of the animals 
during their tumor latency was not considered to be wise. Now that Dr. Kisseberth has been 
established at Ohio State, he has begun the breeding experiments as described above. We 
anticipate commencing with the analysis of animal data in the near future. It must be kept in 
mind that the endpoint is tumor development. Thus, a 12 month delay after the breeding of the 
mice is needed in order to accumulate the date. 

Aim 2; Elucidate the mechanism by which LAR modulates EGFR signaling in the 
mammary gland. 

Two aspects of Aim #2 have shown progress during Year #2. These include A) 
completing final experiments needed to publish our investigation: Expression of PTP LAR is 
regulated by cell density through functional E-cadherin complexes and B) an investigation of 
the mechanism by which cell contact inhibition (mediated by functional E-cadherin 
complexes) inhibits EGFR proliferation signaling in a mammary epithelial cell model. 

A) Expression of PTP LAR is Regulated by Cell Density Through Functional E-Cadherin 
Complexes: We have completed this investigation which was desribed in considerable detail 
in the report for Year 1. Since the major effort in Year 2 on this project was focused on 
repeating experiments and addressing reviewers' comments before publication, all of the data 
will not be repeated here. A copy of the preprint is place in the Appendix. Only the Abstract 
is included below. 



Abstract: The receptor-like protein tyrosine phosphatase LAR has been implicated in receptor 
tyrosine kinase signaling pathways while also displaying cell density dependency and 
localization to adherens junctions. While physiologic substrates for LAR have not been 
unequivocally identified, ß-catenin associates with LAR and is an in vitro substrate. With the 
implication that LAR may play a role in regulating E-cadherin dependent cell-cell 
communication and contact inhibition, the relationship of LAR to E-cadherin was investigated. 

LAR expression increased with cell density in the human breast cancer cell MCF-7 and in Ln 
3 cells derived from the 13672NF rat mammary adenocarcinoma. LAR protein levels rapidly 
decreased when cells were replated at low density after attaining high expression of LAR at 
high cell density. COS-7 cells displayed comparable density-dependent regulation of LAR 
expression when transiently expressing exogenous LAR under the control of a constitutively 
active promoter, indicating that the regulation of expression is not at the level of gene 
regulation. Disrupting homophilic E-cadherin complexes by chelating extracellular calcium 
caused a marked decrease in LAR protein levels. Similarly, blocking E-cadherin interactions 
with saturating amounts of E-cadherin antibody (HECD-1) also led to a rapid and pronounced 
loss of cellular LAR. In contrast, mimicking cell surface E-cadherin engagement by plating 
cells at low density onto dishes coated with HECD-1 resulted in a 2 fold increase in LAR 
expression compared to controls. These results suggest that density-dependent regulation of 
LAR expression is mediated by functional E-cadherin and may play a role in density- 
dependent contact inhibition by regulating tyrosine phosphorylation in E-cadherin complexes. 

B) EGFR signaling; is inhibited by cell contact at the level of Akt activation: Cell 
contacts prevent normal adult breast epithelium from proliferating when exposed to growth 
stimuli, such as EGF. In contrast, neoplastic epithelial cells proliferate in response to EGF 
despite being surrounded by other cells in the tumor mass. We sought to understand the 
mechanism of cell contact-mediated inhibition of EGF signaling by comparing EGF- 
dependent signaling in low density and high density MCF10A cell cultures. The MCF10A 
normal human breast epithelial cell line requires EGF for proliferation in culture and exhibits 
density-dependent withdrawal from the cell cycle (fig. 1). EGF treatment caused maximal EGF 
receptor activation by 10 min that was two-fold higher in the low density MCF10A cells (fig. 
2). The EGF receptor remained activated and unchanged for 30 min under both density 
conditions. EGF receptor mass was also similar in low and high density cultures. Signaling 
pathways which were independent of cell density include the following: (1) EGF-dependent 
tyrosine phosphorylation of erbB3 and association of the p85 subunit of PI3 kinase with erbB3 
(fig. 3), (2) EGF-dependent tyrosine phosphorylation of Gab-1 (fig. 4), (3) EGF dependent 
association of the p85 subunit of PI3 kinase with Gab-1 (fig. 4), (4) In vitro Gabi-associated 
PI3 kinase activity (fig. 5), (5) PDK1-dependent phosphorylation of Akt (fig. 5), and, finally 
(6) Erk-1/2 activation (fig. 6). Only at the level of EGF-dependent Akt activation was a 
marked difference between high and low density cells apparent (fig. 7). In contact-inhibited 
MCF10A cells, EGF treatment caused a transient stimulation of Akt activity that peaked at 5 
min and rapidly decreased to 30% at 30 min. In the low density cells, in contrast, Akt was 
activated to the same extent at 5 min as in the high-density cells (as measured by serine 473 
phosphorylation), but the low density cells retained 65% of this activity at 30 min (fig. 7). The 
in vitro kinase activity of Akt is higher in the low density cells at both 5 and 30 min (fig. 8). 
This approximately two fold higher Akt activity in low density cells remains present for at 
least 21 hours (fig. 9). Preliminary studies show, if low density cells were treated with the PI3 
kinase inhibitor LY294002 such that only 30% of the maximal EGF dependent Akt activity 
was observed at 30 min (i.e. mimicking the high density condition), then EGF no longer 
stimulated proliferation of these cells (fig. 10). In summary, cell contact mediated suppression 
of Akt activity blocks proliferation and may identify a critical mechanism for contact 
inhibition of growth. 
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Figure 1. MCF10A cells exhibit density dependent inhibition of growth. MCF10A 
cultures were grown to confluency (High density). A confluent dish was split 1:4 and 
reseeded in a larger dish at approximately 15% of its original confluency (Low density). After 
allowing the cells to attach for 6 hrs., the cells were placed in growth factor free media for 18 
hrs. After the Low density, L, and High density, H, were treated for 0, 0.5, 4, 8, 16, or 21 hrs., 
with 5 ng/ml of EGF, lysates were collected and total cellular protein was determined. Equal 
amounts of total cellullar protein were separated by SDS-PAGE, transferred to nitrocellulose 
and immunoblotted for B. the retinoblastoma protein (Rb), and C. P27. A. shows the results of 
a densitometric scan of B. hyperphosphorylated Rb expressed as the percent of total amount of 
Rb. 
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Figure 2. EGF receptor autophosphorylation is greater in low density cells. MCF10A 
cultures were grown to confluency (High density). A confluent dish was split 1:4 and 
reseeded in a larger dish at approximately 15% of its original confluency (Low density). After 
allowing the cells to attach for 6 hrs., the cells were placed in growth factor free media for 18 
hrs. After the Low density, L, and High density, H, were treated for 0, 5, 10, 20, 25, or 30 
min., with 5 ng/ml of EGF, lysates were collected and total cellular protein determined. Equal 
amounts of total cellullar protein were separated by SDS-PAGE, transferred to nitrocellulose 
and immunoblotted for A. tyrosine-phosphorylated EGF receptor, B. EGF receptor mass, and 
C. ß-catenin (as a loading control). For D. and E., equal amounts of total cellular protein were 
immunoprecipitated with polyclonal EGF receptor antibodies before separating on SDS-PAGE 
and immunoblotting with D. phosphotyrosine (PY) and E. EGF receptor mass. 
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Figure 3. EGF-dependent erbB3 activity is unaffected by density. MCFIOA cultures were 
treated as described in figure 2. After immunoprecipitating with anti-erbB3, the cultures were 
immune-blotted in A. for phosphotyrosine (PY), in B. for erbB3 mass, and C. for p85 subunit 
of PI3 kinase. 
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Figure 4. EGF-dependent Gabi phosphorylation and p85 association of PI3 kinase are 
unaffected by density. MCFIOA cultures were treated as described in figure 3. After 
immunoprecipitating with anti-Gab 1, the cultures were immunoblotted in A. for 
phosphotyrosine (PY), in B. Gabi mass, and C. for p85 subunit of PI3 kinase. 
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Figure 5. Gabl-associated PI3 kinase and EGF-dependent PDK1 activities are 
unaffected by density. MCFIOA cultures were treated as described in figure 2. After 
immunoprecipitating with anti-Gab 1, PI-3-kinase in vitro activity was analyzed, B. A shows 
the average +/- one standard deviation from densitometric scans of 3 experiments. C. shows 
lysates immunoblotted for phospho-Akt(T308) (the site phosphorylated by PDK1). These are 
representative blots from 3 experiments. 
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Figure 6. EGF-dependent erkl/2 activity is unaffected by density. MCF10A cultures were 
treated as described in figure 2. and immunoblotted with A. anti- p44/p42 erkl/2, B. anti-erkl, 
C. p42 erk2 (lighter exposure), and D. anti-erk2. These are representative blots from 3 
experiments. 
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Figure 7. EGF-dependent Akt activity is suppressed by high density. MCF10A cultures 
were treated as described in figure 2. and immunoblotted with B. anti- pSer473 Akt, and C. 
anti-Akt. A. Shows the average +/- one standard deviation from densitometric scans of 3 
experiments (one shown in B.). * designates student t-test p< 0.05. 
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Figure 8.   EGF-dependent Akt in vitro kinase activity is suppressed by high density. 
MCF10A cultures were treated as described in figure 2. After immunoprecipitating with anti- 
Akt, the ability of Akt to phosphorylate glycogen synthase kinase 3 fusion protein (GSK3 
Fusion) in vitro was measured, B. Part A. shows the average +/- one standard deviation from 
densitometric scans of 2 experiments. These results are preliminary pending the result of at 
least one more experiment. 
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Figure 9. High density cultures suppress EGF-dependent Akt activity for at least 21 
hours. MCF10A cultures were treated as described in figure 2. and immunoblotted with A. 
anti- pSer473 Akt, and B. anti-Akt. 
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Figure 10. Partial suppression of Akt activity in low density cultures after treatment with 
the PI3 kinase inhibitor, LY294002, is associated with inhibition of cellular division. Low 
density cultures were treated for 21 hrs. with or without 5 ng/ml of EGF. After 30 min. of EGF 
treatment, the cultures were treated with or without 30 uM LY294002. (Prior experiments 
showed 30 uM LY294002 to inhibit Akt (Ser473) phosphorylation to 30 % of its maximum 
phosphorylation levels). Lysates were collected and total cellular protein was determined. 
Equal amounts of total cellular protein were separated by SDS-PAGE, transferred to 
nitrocellulose and immunoblotted for A. phospho-Akt (Ser473), B. Rb, and C. P27. 

Conclusions: 
1. Although high density cultures have half the EGF receptor autophosphorylation, EGF 

responses in high and low density cells are comparable down to the level of Akt.. 
2. Suppression of EGF-dependent Akt activation distinguishes low density from high density 

cells. 
3. When LY294002 is used to artificially suppress Akt activity in low density cultures, 

cellular division is inhibited. 
4. Regulation of EGF-dependent Akt activation may be a critical mechanism for cell contact 

inhibition of growth. 
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KEY RESEARCH ACCOMPLISHMENTS 

Demonstrated that expression of the LAR phosphatase in the human breast cancer cell line, 
MCF7, is dependent upon cell-cell contact. 
Characterized the mechanism by which LAR protein is regulated and demonstrated that 
functional E-cadherin complexes are necessary and sufficient for this effect. 
This is particularly relevant to the objectives of this project because engagement of E- 
cadherin complexes are also known to exert an inhibitory effect on EGF receptor signaling, 
particularly mitogenesis.   Might it be that the E-cadherin effect is, in part, mediated 
through the expression of the PTP LAR as our hypothesis would suggest? 
Cell contact inhibition of EGF-dependent growth is mediated at the level of Akt activation. 
Akt activation if a critical step for control of cell cycle progression, and this inhibition by 
contact inhibition is present for at least 21 hr after exposure to EGF. 



12 

REPORTABLE OUTCOMES 

Publication: 
Symons, JR, LeVea, C, and Mooney, RA (2002) Expression of PTP LAR is regulated by cell 
density through functional E-cadherin complexes. Biochem. J. 365, 513-519. 

Manuscript in preparation: 
LeVea, C, and Mooney, RA (2002) Cell contact inhibition of growth is mediated by E- 
cadherin dependent suppression of EGF-stimulated Akt signaling. 

Mouse transgenic model: 
Targeted expression of human LAR selectively to the mammary gland via the MMTV 
promoter. 
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CONCLUSIONS 

Work in the second year has supported the hypothesis that LAR is a negative regulator 
of EGF receptor signaling. We have characterized the regulation of cellular LAR expression 
and have revealed an important role for E-cadherin in this process. LAR is regulated by cell 
density, with concentrations increasing markedly as cell density increases. Functional E- 
cadherin complexes are necessary for this effect. Tyrosine phosphorylated proteins in the E- 
cadherin complex may be substrates for LAR. Thus, LAR may regulate E-cadherin complex 
function. How does this regulate EGF receptor signaling? It is well known that the 
proliferative effect of EGF receptor signaling is suppressed at confluence, presumably by E- 
cadherin complexes. We now have shown that EGF proliferative signaling is inhibited at the 
level of Akt activation. We must now investigate how cell contact inhibition and, presumably 
E-cadherin/LAR complexes regulate EGFR dependent Akt activity. 

Characterization of mammary gland development and tendency to tumorigenesis as a 
function of LAR expresssion is now underway. These studies will yield important information 
in the coming months in the laboratory of Dr. Kisseberth at Ohio State. 

References: NA 
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complexes 
Javeite R. SYMONS. Charles M. LEVEA and Robert A. MOONEY1 

nnpartmflnl r.f Parhniorjy RR:I ! atoratory MsriiciriR, i'nivcrsiti; ri Rmtator Snrinn! il Marti IIIM srrl rtelstry. fif!1 Flrnwnnrt AwniiR. anchwli*. NY 14R47. IJ$A 

1 

The wiO'iptar üb» prouin.tyrr.ifiH*- photphniac- leucocyte com- 
mon antigcn-rclatcd phosphatase (LAR) has been implicated in 
receptortyrosinekinase signalling pathways while also displaying 
eell-density-dependency and localization lo adhctens junctions. 
Whereas physiological substrates for LAR have not been identi- 
fied unequivocally, /Natenin associates with LAR and is a 
substrate m viro. With the implication mat LAR may play a role 
in regulating E-cadhcrin-dcpcndcnt cell-cell communication and 
contact inhibition, the relationship of LAR with ü-cadherin was 
investigated. LAR expression inoreaaed with cell density in the 
human breast cancer cell line MCF-7 and in Ln 3 cells derived 
from the 13762NF rat mammary adenocarcinoma. I.AR protein 
levels decreased rapidly when cells were reflated at a low density 
after attaining high expression of LAR at high cell density. COS- 
7 ceils displayed comparable density-dependent regulation of 
LAR expression when transiently expressing exogenous LAR 

INTRODUCTION 

E-cadherin is a member of a family of calcium-dependent 
iransmembrane proteins which play a* central role in cell-cell 
communication and contact inhibition [1,2]. These functions arc 
i-cdiatud by Luniophiliw biudhig bclwwai cjUiaudlul« domain» 
of E-cadhcrin expressed on neighbouring cells end localized to 
adharens junctions. The intraeellular domain of E-cadherin 
crmtainshindhig sites for several proteins, including/f-catenir.. y- 
caicnin (plakoglobini and pl20 calenin. Tight cell-fell adhesion 
is achieved through these protein protein interactions, which 
rorm a bridge lo the aclin iilamenls. The E-cadherin mlraecllular 
domain binds yj'-catenin, which in turn binds a-catenin. it is 
thought that a-calenir. lnlcracls directly or indirectly (via a- 
acrlnln) with the F-actln bundles, linking ihe complex to the 
aciin cytoakekton and forming A stable structure when laterally 
clustered [3]. 

Loss of E-cadhärin in transformed epithelial cells has been 
correlated with increased tumour invasiveness in vitro and with 
tumour progression in vivo 14,5], In breast cancer, loss or 
functional E-cadhcrin complexes correlates with a loss of the 
epithelial phenotype and increased invasiveness [6]. E-cadherin 
and tue protein? within me cadberin complex are tnougnt to he 
ptJSl-lriiu.slttlioiiy.ily modiiietl tu pryviye d mechanism for rapid 
turnover and modulation of the functional slate. Several cf these 
proteins, including pi20 catcnin, E-cadhcrin, y-calcnin (plako- 
g'obin) and /J-cate.nin, arft apparently rp.giilnrprl by tyrosinp. 
phosphorylation [7-9]. Whereas tyrosine phosphorylation of fi- 
catcnin appears not to promote its uncoupling from cell adhesion 
complexes directly [10], it may be involved in a mechanism for 

under the control of a constitutively active promoter, indicating 
that the regulation of expression is not si ihe lc.vd c,f gp.ne. 
regulation. Disrupting homophilic E-cadhcrin complexes" by 
chclating extracellular calcium caused a marked decrease in LAR 
proiein levels. Similarly, blocking E-cadhcrin interactions with 
saturating amounts of E-cadherin antibody (MECD-1) also led 
to a rapid and pronounced loss ol cellular LAK. In contrast, 
mimicking cell-»urfece E-cadher!n engagement by plating cells at 
low density on to disheiCualcd with HECD-1 icsuhed ina 2-ruld 
increase in LAR expression compared with controls, These 
results suggest that density-dependent regulation or LAR ex- 
pression is mediated hy rimriinn»! F.-radhrrin and may play n 
role in dcnsilv-dcrjcndcnt contact inhibition by regulating tyro- 
sine phosphorylation in E-cadherin complexes. 

Key words: /J-calenin, MCF-7. 

disruption of functional E-cadherin complexes. Studies in vitro 
have identified several protein tyrosine phosphatases (PTPs) thai 
bind to and alter the phosphorylation state of jS-catenin. Among 
the kinases, the epidermal growth factor (EGF) receptor and erb- 
B2 associate with /f-catenin in vitro and ui vmi [li,i_]. A ff- 
catcuiu luutaul lacking ius N-leimiual half, iiidudiug much of ihs 
central armadillo motifa, cannot bind E-cadhcrin but binds to 
erb-B2. This mutant inhibits the tyrosine phosphorylation of 
endogenous y?-efltenin H sand» In! with Ihr. F-carihnrin mmplp.x 
[12]. Cells transacted with this deletion mutant display decreased 
transforming growth factor-a-dependent migration in vitro and 
decreased metastasis in oivo. The hepatocyte growth factor (HGF) 
receptor/c-Met receptor has been shown !o co-localize and 
associate with fc-cadhenn and /taatcnin m epithelial tumour cells 
[l 3i], Following c-Mei activation with MGF/sril factor, iyrosine"o<rtte r 
phosphuiylalioii üf/7-cateniii weuis mid wll-tdl cumacis aiu 
disrupted [1-4]. The Src kinosc has been implicated in this HCF- 
dependent process [15]. Rat fibrobUst« become metasiati« and 
lose their compact aggregating morphology when transformed 
with v-Src [16]. Tyrosine kinasc inhibitors restore tight cell-cell 
adhesion. /i-Catenin is the most significantly increased tyrosine- 
phosphoryialed protein of the cadherm-associated proteins in 
the presence of v-src li bj. uespite these observations, tyrosine 
piiusphoryiuiiun oryj-ctiienin « H mechanism for disruption of 
functional E-eadherin complexes remains controversial [10], 

Several PTPB have also been shown to associate wth uadhcrin 
r.nTnplp.yp.5 [17-51] PTP activity apppars rn hp. nprpiKary for 
strong cell-cell adhesion since cell-cell contact can be disrupted 
by treatment with the PTP inhibitor pervanadate [22]. Studies in 
vitro have demonstrated that leucocyte common antigen-related 

Ahl-.reuAl.rtns „sort' Pfif. cflrlorrnfll n«iwm lanlnr; HR^, hfiparrryr» rj.-nwtl-, fa^tnr; i AR, ienmnyti- corrmon anhaen-relsled oriCSo^alasa- PTP 
prote;n tyrosine phasphataäe; E-suCunit, extracellular suüurit; P-subunit, PTP-domain-contain'ng subunit, 

To whom corresporidence shouiti pa auarsssea (e-maii rooert_mooneyraJiirmc.r13chestBr.edu). 
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photphatasa (LAR) associates with tho N-terminuc of ß MlCnin 
and Ihe closely related y-r.:itp.nin [17]. /J-Cawnin has also been 
shown to be a substrate for LAR in vitro [21]. These data snggesi 
that LAR may play a role in the maintenance ofcell-ccll contacts 
by regulating the tyrosine-phosphorylation state of one or more 
proteins in the E-cadherin complex. Here, we expand upon the 
earlier report that LAR is regulated by cell density [24], Func- 
tional E-cadticrin complexes are shown to regulate expression ot 
LAR ihiuu^h a mechanism thai does not require changes in rates 
of transcription. Regulation of LAR expression may be a 
mechanism by which E-cadherin complexes control Ihcir own 
rimilttonul stutr. 

EXPERIMENTAL 

Cell lines 

COS-7 green monkey kidney cells were obtained from the 
A.T.C.C. Ln 3 rat mammary adenocarcinoma cells were a 
generous gift from Dr Carl McCiary (University of Rochester, 
Rudiestei, NY, U.S.A.). MCF-7 cells were provided by Dr P. 1. 
Simp30n-Haidaris (University of Rochester). 

Haemlds and transactions 

lhe mouse fc-cadhenn construct was a generous gift From 
Masatoshl Takelchl of Kyoto University, Kyoto, Japan, and has 
been described previously [25]. Human LAR cDNA (kindly 
provided by Michel Strculi of üK Dana Färber Canter Institute, 
Boston, MA, U.S.A.) was cloned into the pcDNA3 vector in 
frame with a 5' Myc/His tag factorial transformation was 
performed using subcloning efficiency DI15a from Life Techno- 
logies. Plasmid preparations were performed using Qiagen maxi- 
prep kits according to their protocol. DNA concentration and 
purity were measured by UV spectroscopy. Transient transi- 
tions of cell lines were performed using the Fugcnc 6 reagent 
(Ruche) under scrum-free conditions as described by the manu- 
facturer. Transacted cells were maintained fü« 30 h befuic 
experimentation, 

AntibodisE and rtagants 

Mouse monoclonal antibodies specific for /r-catenin, fc-cadrtenn 
and the LAR E-subuuiL were frym Transduciion Laboratories. 
The onti-phosphotyi-iMinc antibody 4G10 was from Upstate 
Biotechnology. Antibody for the LAR P-subunit (FTP domain 
containing suhnnit) WHS provided hy TV Rarry Goldstein of 
Thomas Jefferson University (Philadelphia, PA, U.S.A.). Anti- 
bodies to human E-cadherin (HECD-1) and rat E-cadherin 
(DECMA-1) were from Zymed. All other reagents were pur- 
chased from Sigma unless otherwise indicated, 

immunoprecipjiations and Western Dlotting 

When direct analysis or cell lysatcs was appropriate, cells were 
scraped into LaemmlPs lysis buffer (156 mM Tris/HCI, 5% SD5 
and 2,5% glycerol) at 100 °C. After normalizing samples based 
on proiein using the Markwell-Lowry protein assay, proteins 
was scpaiattd by SDS/PAOE. 

When immunoprccipntntion of proteins was required, cells 
were scraped into lysis buffer [1 M Tris/HCI, pH 7.4, 2 M NoCI, 
1 M NaF. 10% Triton X-lfKl, WlmM PMSF, benznmidine, 
tetrasodium pvrophosphatc, />-nitrophenylphosphate. pervana- 
date and a protcasc-inhibitor cocktail (Calbiochcm)]. Lysates 
were passed 10 times through an 18-gaugc needle. Samples were 
protcin-normalized using the Bradford assay. The iramunopre- 
clpltattng antibody was pre-bound to Protein G-Scpharosc beads 

(Amcraham Diosciencc) before lysates were added at 4 "C for 
1-41). Beads were washed three times with Triton wash bullcr 
(I % Triton X-100,100 mM Tris/HCI and 150 mM NaCi) before 
immufioprecipilaics were eluted with hniling I.»i>.mmli sample 
buffer (7$ mM Tris/HCI, 2.5% SDS. 2.5 % ilycerol and 2 mM 
dkhiothreitol). Samples were transferred to either PVDF or 
nitrocellulose membrar.es and analysed by Western blotting. The 
blots were developed with cither Amersham Bioscicncc or Pierce 
chemiluminescence reagents. 

Csll-tlenstty-depentient pitting assays 

Following propagation to confluence, cells were rinsed, dispersed 
with 0.ü% trypsin lor 1-5nun and «suspended in standard 
serum-containing media. Cells were pooled and concentrated by 
ccntrifugation. Aliquots WCic ic-plalud at high (;> 55%) or low 
(< 30%)denäily in 100 mm dishes. At appropriate time points, 
cells were lysed and protein e.Nprcseion analysed by Weilern 
blotting a.-! dfiscrihed ahnvp. 

Disruption of E-cadherin complexes 

MCF-7 cells ive?e grown to confluence in 24 well d'Shea. Cell cell 
contact WHS Hisniptfirl with either EGTA or HECD-1, a mouse 
monoclonal anti-E-cadheria antibody. For EGTA treflimnnf 
EGTA was added at 5 mM with a media change followed by 
incubations for 6 h or less. Incubations of IS h and longer were 
found to be cytotoxic. To block E-cadherin more specifically, 
MCF-7 cells were incubated in media containing the E-cadherin- 
Wocklng antibody, HECD-1, at i, a or IU/*g/mi lor 18-24h 
Cells weie txaminul by liglu luicmsicopy at several time points to 
ensure cell viability fmd to record morphological changes induced 
by treatment. Protein expression was analysed as described 
above. 

RESULTS 

LAR protein levels ohange with ocll density 

Our previous studies indicated that LAR protein expression is 
ccll-density-dependenc [24]. In light of the observed association 
of LAR with constitucuts uf the adheiens junctions [17,23,26] 
and the defect in terminal differentiation of the mammary gland 
in LAR-knockout mice [27], the current study was initiated to 
explore the mechanism of(*ll.Hrn<:ity.rlppenciency of LAR using 
breast cancer cell lines. LAR protein levels were examined in the 
human MCF-7 breast carcinoma cell line and in a rat mammary 
adenocarcinoma cell line, Ln 3. Each cell type was grown for 
several passages at either high (85-100% confluence) or low 
(10-30% confluence) cell density, lhe MCF-7 cells were ad- 
ditionally examined at 40-60% confluence (medium density). 
Cell lysutcs were normalized for protein and separated on 
SDS/PACE gels. In the human MCF-7 call line, LAR protein 
increased markedly frnm Inw in high density as detected by 
Western blotting using an antibody to the LAR E-subunit 
(Figure I A). It was possible that the difference in LAR E-subunit 
expression did not reflect expression of the catalytically active P- 
subttmt. For example, the E-subunit alone may have been lost at 
low cell density due to proteolytic cleavage or shedding of this 
extracellular domain [2(3]. Huwcvu, wliu» MCF-7 lysatcs were 
probed with un untibody to the catalytic or P-suburtil of LAR, 
comparable density-dependent changes in LAR expression were 
observed. Similarly, the highly rnctHsiatir In } cells, derived 
from the 13762NF rat mammary adenocarcinoma [28], exhibited 
a large increase in LAR protein from low to high density when 
detected wi|h the P-subunit antibody (Figure IB). The less 
metasuiuc Ln 2 cells, also derived from the 13762NF tumour. 

£> 2002 BlCtffioinka Seoioly 



Expression of leucccyie commcn aniicen-reiated phosDtatsse 

High Low 
LAR 
E-subunit 

LAR 
P-subunit 

p-catenin 

A. 
MCF-7 

Ctrl 

4rr 

High Low 

6hr 

High Low 

LAR 
E-subunit 

E-cadherin 

»*m# ■mm^^mm &***>##* «- n*«*> 

B. 
Law Medium High 

LAR 
P-subunit 

B. 
Ln3 4hr ttnr 

Ctil High        LOW        High        Low 

■-M^,  ^_ LAR 

Low High 
LAR 
P-eubuM 

E-cadherin 

Figure 1   Bfeet of eel density 01 LAR and E-cadherh expression 

MCF-7 Wand I n 3 (B; rsll lines were (jrnwn fur ssvfiral passJQ« si nigh (-s 65 It), nedium 
(aipfDKL 40-60*), cr low (< 30%) confluence, Alter eel lysis, proteins were separated By 
SDS/PAGE and transferred to nitrocellulose. LAR suDunlt expression in MGF-7 cells (A) and 
ex(jiBKiluii il LAR ami E-ctfiheiln li: Ln 3 cults (B) mm aimtH oy western Plotting as 
descritted in the &pi/i:n«rtlal «tclian. /«alsnin «s uu<j se a loading contrcl In (A). 

showed a piugicssiye increase iu LAR levels from low to high 
denary aimilcr ta the Ln 3 cell line (results not shown). Analysis 
of E-cadherin levels as a function or cell density paralleled LAR 
levels in T n % cells 

LAU levels respond to rapid change* it cell density 

The following investigation examined Ihc impacl of acute change« 
in cell density on LAR expression. Cells were grown to confluence 
befmc being diäsuüiiieO, puuletl »nO replctleil HI either high or 
low density. Wilh'm4 h of rcplnting, LARprotcin levels decreased 
markedly when rcplatcd at low density. In contrast, replaiing at 
high density preserved the pre-existing LAR expression (Figure 
2). E-cadherin levels decreased in parallel with those of LAR 
when cells were exposed to low-cell-density conditions. In 
contrast, /?-catcnin, which was used as a loading control, showed 
no deasity-dependent changes, though a small increase was 
ubse: vable as a function or time after rcplating. The decreased 
isprcssion of LAR reflected changes in botli tlie E- und P- 
Bubunite. Whereas the B subunit potentially could huvc been 
inAnp.nr.w1 by shewing, li«; iimilar density-dependent chanfies in 
LAR observed in Ln 3 cells (Figure 2B) probed with either a P- 
subunil or E-subunit antibody argue that decreased cell density 
initialed the loss of total cellular LAR protein. 

The above investigation demonstrated that LAR levels de- 
creased markedly within 4 h of au acute aecrease in cell density, 
N"c»-l li« icapviiic Lu an acute iuureuse in cell density was 

Rfjurs 2   Rdpirt rierrRase in LAR txprescloa with a deereate in cell density 

uü-i (A) ana in a (jj cells, wtitcr, nid been maintained ai wrÄence, were resuspended 
wth ftpcln and roplottd el cither he& (> 05%) or low Is 30*; confluence for other A r, 
6 b. Chanoes n expression of IAH F-ataü (*, a), i An p-snhinit (*j. r^achuin ;AI and 
/Hatenin (A) were determined by Western blotting Ctrl, control, 

investigated, Cells were maintain™1 »t m-3fl% confluence for 
several days before harvesting and replatini» ai hiah density. 
LAR prolcin expression was analysed by Wcslcm biotdng at 
subsequent times as indicated in Figure 3. LAR was modestly 
increased within 8 h ofraplating at high density and continued to 
increase more substantially from 3 to 24 h. By 24 h, the level of 
LAR protein reached thai of the kigh-dcusuy cumrul cells 
(/■«cults not shown), Bccuuse MCF-7 ecus do not proliferate 
rapidly and the cells had been platted at high density, the increar.» 
in LAR protein expression WHS not liMy to be due to cell 
proliferation. The more modest increase in 0-catcnin and the 

12 24       (hrj 

'. -.i:.'.:....-■ -\       -V :.'■''.i   '■     J-.O-..'1.1 ibv.'Jf.r 
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Raure 3 Slow increase Is LAR txpresglon with a rapid Increase in oeR 
density 

VCr-r cells rmr» nsintainod ot b« density (^30%) loi several pässitje» Fillu»ii.iy 
resusecnSiOr witn irypsn. raciai «tils wan; rcplateri al lilgti rail rlfntily AlWr «nlalinj, L*R, 
Ecscherin and /hatonin axpisssien were determined DV Western diotüna ai ino inditaiari li™ 
poirft 
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Plating Density 
High      Low      Low 

Ectopic LAR 
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E-subunit 

Figure 4   Density-dependent reuutiUun ul txlepically upriwed LAR 

COS-7 cells were transiently transteclsc vrltfi a Human Ufi cONA construct ES described in ihe 
twimental seclioi. At 36 n posl-transteclbr:, cells wars ususpenced with trypsm, fooled antf 
Tplilcd el cither high (> 051) or low (< OOK) co*encc for C h. experiments YI'IB me low 
ncnBuen^S «Mlilillrrt wem purfnrmHf in riiiplolp I Aft «ptfiSRinn was «mnrminrt by Weslsrn 
blotting. 

absence of an increase over the time period (12-24 h) thai 
corresponds to the large increases in LAR and E-cadhcrin 
supports this conclusion. Interestingly, the most substantial 
increases in LAR protein expression occurred subsequent to the 
funuatiuu of cell cell contacts. As observed by light microscopy, 
the MCF-7 c«ll3 began lo spread at 4-6 h and visible cell-cell 
contacts were observable at 8-10 h. Whcraas LAR levels in 
crrMsrrl substantially after g h. maximum levels were not reached 
for an additional 16 h. Thus the slow rale of increase in LAR 
mass with an acute increase in cell density is in marked contrast 
to the very rapid loss of LA R with acute decrease in cell density. 
Il is logical to speculate that de novo synthesis of LAR. and 
perhaps other proteins, is required to mediate the observed 
changes. Finally, increases in LAR protein levels paralleled those 
ufE-cadkuin in i espouse tu die me: ease in cell density. From the 
above data, wc hypothesize that LAR protein levels increase with 
the formation of functional eell-ecll contacts. 

Density-dependent changes In LAR levels do not require) changes 
In the synthetic rat« 
To address the possibility that the difference in LAR levels at 
varying densities was due to differing rates of transcription, we 
iwrrl a mrthnri similar trt that of fiehhinlr ft at. [?f)]. COS-7 c*lls 
were transiently transfected with LAR cDNA under ihe conirol 
of a constilutively active promoter. The transfected cells were 
incubated for 24 h, dissociated and replated at either high 
(> 85 %) or low (< 30 %) density. The cells were lysed 24 h later 
and LAR expression was analysed. Sit'.ce exogenous LAR 
expressionis under ihecontroloraconstilutively aedvepromoter, 
the transcription rate of LAR remains constant whether cells are 
at high of low densities. Changes in LAR levcb would be due to 
altered rar« nf prnfp.in degradation or mRNA stability and 
translation. As shown in Figure 4. LAR expression in transfected 
COS ceils, which express no delectable endogenous LAR. 
increased several-fold with increasing cell density. Thus regu- 
lation of LAR Iranscription rate is net responsible for density- 
dependent LAR expression. Ectopically expressed I..AK in (JUS 
cells appuued as a doublet by Western blutling. One potential 
explanation is that these bands represent a)iern«tively spliced 
isoforms of the extracellular domain of LAR. Zhang el al. [30] 
have descrilwd a 27 hp exon encoding A nine ammr» ar.irt sen"««* 
in the E-subunit of LAR that is aliernaiivclv spliced. This group 
has shown thai expression of these isoforms is expressed in a 
developmental!}' regulated pattern in the brain. While the co- 
expression or two LA R isororms is not observed routinely in 
transaction experiments, doublets of the E-subunit have been 
obseivwd by Western Mulling following tiausfeeuou (31,32}. An 
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Hour» 5 Effact of EGTA-öepetKient disrupto» of nlUeJI contacts on 
exuressioit oi im and E-cadhBiln 

Continent MCF-7 cells were tteied with 5 mM EGTA for the lirre neric-di indicated and then 
han-esied. LAS. E-cadnerin and /J-etanin (loading control; expression were dsterrnincd in ih« 
ctti ijsstes jsiitg wasisr^ tjicirnj. 

alternative cAulaualiuu fur Uie presence of a doublet In LAR 
Western blots h that one or both represent in utro proteolytie 
fragments. The ratio or the two immunoreactive bands remuincd 
rdalivnly rnnsfant at approv. 1.0 among samples and between 
experiments. This and the absence of a doublet with endogenous 
LAR argue for a cell-dependent processing rather than an in vitro 
artifact, such as proteolysis. 

LAR protein levels are altered by disruption of E-carJherln- 
memaied celt-ceil contact 

We hypothesized that ccll-dcnsity-dependent increases in LAR 
protein expression were due to a signal mediated by E-cadhcrin- 
dependent cell cell contact. To pursue Ihis possibility, MCF-7 
cells were treated with EGTA to disrupt cell -cell contact through 
ehtflaiion of the extracellular calcium required Tor E-cadhcrin 
homophttic binding between cells, Following EOTA Ueauiieut, 
the cells were examined by light microscopy to document 
morphological changes. By 1 h of treatment with EGTA, MCF- 
7 cells became rounded and detached from one another 'At f, h, 
MCF-7 cells had no Cell-cell contacts, but the cells remained 
attached to the culture dishes. By 18 h, cells had begun to lift 
from the dish and marked cell death was apparent. Cells were 
lyscd at these various time points (excluding 18 h) and protein- 
normalized lysaies were separated on SDS/PAGE gels. Western 
blotting for the LAR E-subuuit levcaled that LAR. was expressed 
in high amounts at 0, 1 and 2 h, but decreased sharply after 2 h 
(Figure 5). After 6 h LAR protein was uudetewble (results not 
shown). E-cadherin protein levels were also examined in rlr> 
termine whether loss of cell-cell contact induced bv EGTA also 
caused changes in E-cadberin expression. E-cadherin protein was 
also high at 0 and 1 h, but began to decrease by 2 h (Figure 5). 
As a control lor protein loading, cell lysates were probed for ß- 
caienin. There was no change In /r-catenln protein expression at 
any time point (Figure 5). Whereas both C-CAdhei in and LAR 
levels decreased with EOTA treatment, the decrease in E cudhcrin 
mmmenrarl at an «Hier rime, point than that of LAR. This 
indicates that total cellular E-cadherin does not closely correlate 
with LAR under Ihesc conditions. LAR did, however, decrease 
in response to disruption of cell-cell contacts. What is not 
assessed here Ls the impact of calcium chelalion on the cellular 
clearance mechanisms for fcrCsKlhenn and LAR. It has been 
demonstrated, for exumpie. thai calcium moblllzailon wlm 
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MSf-7 cciis ware piaw at low «isily on to culture dishes coaled will- either antl-BcadMnn 
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ui dupiicai«. 

ionophorc A23I87 induces proteolysis of cellular LAK [iibj, 
EOTA blwK» this iuiiuuIiL'ic-dcpcudcuLpiuieulylii;p;uLeäs. U is 
po«-.ible tliut chdulion ofcuksium with EOT A in our experiments 

retarded the clearance of LAR thai wus otherwise initiated by the 
disruption anrl rlearnnce of E-eadhcrin. 

Sine« expression levels of LAR and E-cadherin wr.ro nhsprv!*! 
to change in parallel under most, thouuh not all, conditions, we 
sought to determine whether a more direct relationship between 
the two proteins could be established. The homophilic cadherin- 
mediated cell-cell interactions are the molecular sensors of cell 
density. Thus we hypothesized that functional E-cadherin interac- 
tions, not necessarily total wdlulai E-iradLmu content, may be 
responsible for the density-dependent change in LAR protein 
levels. To determine whether functional cadherin complexes 
control rlcnKily-rlcpflnrlRnr I.A ft expression, we inhibited extra- 
cellular cadherin interactions directly by using an E-cadherin- 
specific monoclonal blocking antibody, HECD-1. Confluent 
MCF-7 cells were treated with i, 5 or 10 ^g/ml of HECD-1 to 
inhibit cell-cell contact. When the cells were analysed for 
morphological changes, light microscopy revealed that 5 and 
10/fg/ml HECD-1 caused greater than hair of the cells to round 
up (results not shown). When I /»g/ml antibody was used, die 
cells maintained their cell cell adhesive properties. Western 
blotting showed a marked decrease in LAR expression when 
HECD-1 was added at 5 or 11> /i£/ml « comparer! with the 
control (Figure 6). Thus cadherin complexes mediate the ex- 
pression of LAR protein. Under the same conditions. E-cadhcrin 
protein levels were not reduced, indicating that funcdonal E- 
cadherin interactions rather than just cellular E-cadherin ex- 
pression regulated LAR expression. 

E-cadrterin «lone Is not sufficient for the regulation ot LAR 

Since inhibition of E-cadherin homophilic interactions resulted 
in decreased LAR expression, we Hypothesized that functional E- 
ttiUiierin complexes were responsible for density-dependent regu- 
lation of LAR expression, perhaps by sequesleiiuB LAR at 
adhsrens junctions and decreasing its turnover. To examine this 
possibility, COS-7 cells were transiently co-transfected with 
mouse E-cadhcrin and human LAR. Transaction efficiency nl" 
E-cadherin was approx. 30-40% as assessed by immunocyto- 
chemistry, Whereas we did not have an appropriate antibody to 
determine the transfection efficiency of LAR, Western blotting 
revealed cellular expression levels of LAR that exceeded those of 
primary hepatocytes and several hepatoma cell lines, including 
HepG2 «)ls. It was assumed that die Uiimfcctiuu efficiency uf E- 
cudhcrin wus sufficient to influence the cellular level of transfeetcd 
LA R if such an interaction was occurring. While the results were 
VHHSIMR nnrl thp. rlaia in Figure. 1 show some increase in LAR 
levels with co-expression of E-cadhcrin. it was concluded that 
exogenous E-cadhcrin did not consistently alter the exownous 
expression of LAR in these cells (Figure 7). Nevertheless, protein 
levels of exogenously expressed LAR continued to be regulated 
by cell density in the co-transfectcd COS-/ celts (see also Mgure 
4). suggesting that E-eadticiiu aluuc is not suffiiäeuL tu regulate 
LAR expression, 

Activation of E-cadherin complexes is sufficient in increase LAR 
expression 

Fvncrionfll E cadherin complexes appear to be involved in the 
regulation of LAR expression. Perhaps ectopic expression of E- 
cadherin did not increase l.AR levels hecftuse it did not appro 
ciably increase the amount of functional E-cadhcrin complexes. 
To more directly investigate the role of functional E-cadherin 
complexes in the regulation of LAR levels, MCF-7 cells that had 
been maintained at low density for a minimum of 48 h were 
replmed on culture dishes coated with cither the E-cadnerln 
ttniibody IIECD-I or rabbit IgC. The work of Lambert et al. [33] 
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has shown that interactions ol'cdle wilh anti-eadhcrin-antibody- 
COflfert «iiirfkc^s will mimincxtlhrrin.mcriiatnri TRII rnntarr forma- 
tion, recruitment of yS-catenin. a-eatenin and pl20, and initiate 
cytoskeleton reorganization. Here, cells were platcdat low density 
with little opportunity for cell cell contact. Relative to LAR 
expression in control cells, LAR increased 2-fold in cells plated 
on the anti-h-cadhcnn antibody (Figure 5S). Cell proliferation did 
not differ between the two sets of conditions during the course of 
the incubation. 

DISCUSSION 

In tins study, LAR uroicin expression was shown :o be responsive 
lo cell density in mammary carcinoma eel! lines, and functional 
E-cadherin complexes appeared to be the essential mediators or 
density sensors for this process. Additionally, transcriptionai 
regulation did not appear to play a rote in the changes m LAK 
expression. White the curreni study demonstrates that LAR 
levels arc under the control of the C-cadherin complex, Ullas also 
beer, shown that LAR levels are sensitive to etileium iotiophoro 
and phorbel ester treatments [26]. Under Lhc influence of these 
aecnts, LAR and the closely related PTFV were shown to 
undergo proteolytic cleavage and subsequent sheddin* of their 
E-subunit. Loss of the E-subunit was followed by imernalizalion 
of the catalytic P-subunit as shown by immunohistochemistry. 
1 he ultimate late ol the P-subunit was not determined, though P- 
subunlt remained In the cytosoi 4 a after treatment. The E- 
cadhci hi-dcpcudcut diaugcs iu LAR levels dmt are described in 
the current Study with MCF-7 and Ln 3 cells indicate that 
comparable proportions of the P- and E-subunits are lost from 
rrlls in 4 h with a rtaimas/». in reli-cell contact. Although il 
cannot be rated out that the E-subunit is berns shed prior to the 
loss of the P-subunit, the ultimate result of the loss of cell-cell 
contact via decreased E-cadhcrin homophilic interactions is a 
loss of both subunits of the LAR protein. Using conditions thai 
were similar to those used in rtie present study (i.e. disruption ol 
cell-cell adhesion), AJeher el »1. [26] showed that EOTA treat- 
ment of A43! culls resulted in intcmalization of /Acatenin, 
plakoglobir. and LA R, In this case, the entire LAR moleoulc was 
internaÜMd (i.e. E- and P-subunits). While this internalization is 
assumed to lead to degradation, no comparison of the rMc.s of 
loss of cellular LAR and E-cadhcrin were performed. Nonethe- 
less, this report supports our conclusion that disruption of 
cell-cell adhesion results in removal of LAR and supporls a 
mechanism by which the entire LAR molecule is internalized and 
degraded in response to a decrease in functional E-cadherin 
I'UIIipluACS. 

LAR is one of several PTPa whose expression levels are 
influenced by cell density. We reported previously th»i levels of 
LAR. PTP1B and SHP2 <SH2-domain-containi ng PTP2) i «crease 
with cell density in the rat McArdle hepatoma cell line, RH7777 
[24], PTP DEP-1 (high-cell-density-cnhanccd PTP1) was first 
characterized by its increased expression and activity in high- 
density cultures [34]. PTP// has been shown to be up-regulaleci 
win» Increasing cell density through homophilic binding between 
its extracellular domains expressed ou adjacent cells [29]. Ttiia i* 
not dissimilur from the mode of interaction of the cadhcrin 
family of Iransmcmbranc proteins. It bus been hypothesized that 
PTP// is up-regulated at high density because its homophilic 
interactions stabilize the P1"P at the cell surface [291 and protons 
its half-life. In contrast to this mechanism for stabilization or 
PTPs at high cell density, there is no evidence that !he extracellular 
domain or' LAK exhibits homophilic binding capability. Thus 
there is likely to be a mechanism other than homophilic interac- 
tions for density-dependent regulation of LAR.  One report 

indicatBG, however, that one splice vuriunt of LAR can bind tc 
läminin-flidöjwn complexes via its extracellular domains [35]. 
This has not, however, heen shown lo slTeci ihrhalf.lifr.nfl AR 
in cells. Finally, our studies indicate that regulation of tran- 
scription is not an essential step in E-cadherin-mcdiatcd regu- 
lation of LAR expression. Density-dependent LAR expression is 
observed even when cctopic LAR expression is driven by a 
constitutive promoter. 

Based yti published data [17,23,20] and our current observa- 
tions, we support a model in which LAR is sequestcicd iu 
functional E-cadherin complexes by fin uasociuticn that stabilizes 
I.A R nnri proliw.s its half-life. In the absence of or in response 
to disruption of these E-cadhcrin-dcpendent associations. LAR 
is Subject lo a rapid turnover, as we have observed when cells arc 
moved to low-cell-density conditions after being maintained for 
several days under conditions of high cell-cell contact (i.e. high 
density). However, our data suggest lhat LAR docs not associate 
directly with E-cadherin. When both LAR and E-cadherin were 
cciupiuilly c\picss:d iu COS cells, E-eydherin expression had 
little or no effect on the level of LAR expression. The cctopic 
expression of E-cadherin may not form additional functional 
complexes wilh which tn «F.qii[v(fRrHHHitinn3l I AR Nonetheless, 
the inability of E-cadherin to affect LAR levels when both arc 
ecropically expressed in COS at low cell density indicates that E- 
cadherin alone is insufficient tc modulate LAR levels and suggests 
thai other components of a functional E-cadherin complex arc 
required for the densily-dcpcndcnt regulation of LAR, 

Whereas E-cadherin expression alone Is not sufficient for 
modulating density-dependent iucicascs iu LAR exptessiyu, £- 
Cftdherir. is neeeasury for this procca3 in MCF-7 cell», Tbis wai 
demonstrated with cells that were plated on lo H surface coated 
with the HECD-1 antibody. Internciions between nnti-eaHhRrin 
antibodies and cell-surface cadhcrin have been shown to mimic 
cell-contact formation, cadhcrin clustering, recruitment of the 
components of the activated cadherin complex and cytoskeleton 
rearrangement [33J. lr. our investigations, such antibody-mediat- 
ed activation was accompanied by a 2-fold increase in LAK 
expression. These data dcuiuusUau; timi the density-dependent 
inercuao in LAR is related directly to functional E-cadherin 
interactions. 

Where;« TAR rjoe.s not appear to associate directly with E- 
cadherin, evidence both in vivo and in vitro supports a direct 
interaction between LAR and //-catenin (17,231. Since /f-caienin 
is an integral component in the E-cadherin complex, along with 
a-catenin, plakoglobin (y-calenin) and pl20 catcnin, its physical 
association with LAR may explain the correlation of LAR 
expression with functional E-cadherin complexes. Kypw et al. 
[17] first reported the association of LAR with//-catenin in PC12 
cells and indicated that the N terminal domain of ft eutenin \3 

necessary for this assnrisition. Neither »hp. armarlilln rtnm,-ims of 
/J-catcnin nor association with a-catenin are necessary Tor an 
association in vitro. Muller et al. [23] have shown more recently 
that /ff-calenin is«substrate for LAR in vitro. They observed that 
ectopic expression of LAR inhibits epithelial cell migration 
induced by Eüf. I his was associated with a decrease in the Irce, 
m.'uumplejied puul of /Kaleiiln mid in Hie tyrosine phosphory- 
lation of thi3 population of/J-catCnin, It has been suggested by 
several groups [16,36,37] that tyrOtinc phocphorylalion of ji- 
CHlenin may disrupt Ihn interartirvn nf th« p.-roHh(>rin mmplev 
wilh the actin cytoskeleton. While this remains controversial, 
increased free /y-catcnin may indicate disruption of E-cadherin 
complexes. LAR may regulate this process, which is important to 
cell migration by controlling phosphorylaiion of/?-catcnin. 

The öata In trie current study now add to this model by 
deiuoiMli-atiiig that cclluUi levels ufl.AR me uuiiliullial by die 
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functional E-cadberin complex. Whnras xtnirhnmftrric studies 
were not possible, it is interesting; to speculate thai cellular LAR 
levels reflect the number of functional E-cadherin complexes. 
More specifically, these LAR levels may reflect /f-carenin seques- 
tration in the complexes. Muller et al. [23] have shown that free, 
uncomplexed ^-catcnin increases witn fcCjf treatment. It this 
IA.>U1 uf ficu /)'-ca.ieniu h derived from E-cadücriii complexes, 
rnizht this altered localization affect the associated LAR inol- 
ecuk'i' In preliminary studios, we have observed that L.\R levels 
decrease in mspnnsr ii-> FCiF in a time course that is consistent 
with increases in free/?-catenin (C. M. LeVea and R. A. Monnry, 
unpublished work). 

In summary, tyrosine phosphorylation in E-cadherin com- 
plexes may be an essential regulatory mechanism to maintain 
cell-ceil contact or to control migration in response to extracel- 
lular stimuli. Here we demonstrate that cellular levels of the 
trartsmisinbiHuvjPTPLARaiL'iBgiilatetlby functional E-cadhcrin 
complexes. The increased LAR levels »t high cell density may 
represent a cellular mechanism to suppress further tyrosine 
phosphorylation of /?-cair.nin (and plük-nglobin'.') in the E- 
cadherin complex and maintain contact inhibition of growth. 
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